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ABSTRACT

Oxidative degradation of bisphenol-A in aqueous solution was conducted under visible light irra-
diation using PbO semiconductor, of which band gap energy was reduced from 2.61 to 1.99 eV,
caused by smoothening surface morphology via the calcination treatment. The characteristics of
original and reacted PbO (calcined) were illustrated by X-ray diffraction patterns, FE-SEM images,
Brunauer-Emmett-Teller specific surface areas, UV-Vis diffuse reflectance spectra and X-ray pho-
toelectron spectra respectively. Experiments were carried out in the batch-wise mode to investigate
the influence of various operation variables on the photocatalytic behavior, such as temperature, a
dosage of PbO and sodium sulfate concentrations. In this study, bisphenol-A could be almost entirely
decomposed through PbO coupled with visible light irradiation, wherein photogenerated holes and
hydroxyl radicals were presumed to be principal oxidizing agents. Besides, the removal percentage
of bisphenol-A was significantly enhanced on the addition of sodium sulfate, in which sulfate anions
were transformed into sulfate radicals via photogenerated holes. On the whole, PbO semiconduc-
tors integrated with visible light irradiation appear to be an economical and promising method for

disposal of wastewater containing bisphenol-A.
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1. Introduction

Bisphenol-A is an extremely important phenolic com-
pound due to its substantial demand for the synthesis of
epoxy resin upon reaction with epichlorohydrin. Besides,
polycarbonates could be obtained by condensation of
bisphenol-A and phosgene. Bisphenol-A has been also used
as precursor for the manufacture of thermoplastic poly-
mers, such as polysulfones [1]. Nonetheless, bisphenol-A
has become one of the emergent environmental contami-
nants, due to its cellular toxicity and severe damage to the
endocrine system, and the wastewater effluent polluted by
bisphenol-A should be properly disposed [2,3].

In the last decade, the photocatalytic processes have
attracted much attention for oxidative degradation of
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bisphenol-A in wastewater on account of several advantages
over other advanced oxidation processes, such as reduc-
tion of chemicals used, efficient energy consumption and
operation under ambient conditions. TiO, has been the most
suitable photocatalyst in application to wastewater treat-
ment owing to its high photocatalytic activity, corrosion-re-
sistant, low cost and toxicity. Several publications have
been issued on the oxidative degradation of bisphenol-A
using TiO,/UV based techniques. The photogenerated elec-
trons on the surface of TiO, are rapidly separated from the
holes with the assistance of graphene oxide (GO), wherein
the steric structure of photocatalysts facilitates recovery of
TiO,/GO [4]. Kondrakov et al. [5] claim that photogenerated
holes are mainly responsible for the degradation of bisphe-
nol-A. The reaction pathway was hypothesized based on
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intermediates identified, including catechol, dicatechol and
quinone. Additionally, TiO, was cooperated with various
supports to enhance the photocatalytic activity utilizing
increasing active sites and/or organics adsorption capac-
ities, such as glass fiber [6], wood charcoal [7], ceramics
[8] and titanate [9]. Another advantage provided from
the supports was to make photocatalysts easily separated
from the aqueous solution. Alternatively, some researchers
promoted the separation of photogenerated electrons and
holes on the TiO,, leading to significant enhancement on
the amounts of hydroxyl radicals, through the synthesis of
TiO,-5n0, [10], TiO,-MoS, [11] and TiO,-Gd, O, [12] compos-
ites respectively, wherein the kinetic model for the degrada-
tion of bisphenol-A was described by the pseudo-first-order
rate equation.

Recently, tremendous efforts have been carried out to
modify TiO, so that it can be photoresponsive to visible light
irradiation for the sake of harnessing the major domains of
the solar spectrum. Yap et al. [13,14] doped nitrogen atom
from urea into TiO, crystallites interstice successfully and
extended the absorption band of TiO, to the visible light
region. The photogenerated holes played dominant roles
for the removal of bisphenol-A, of which degradation rate
decreased significantly in the presence of inorganic anions
(CI, NO;, HCQO;) and organic anion (C,07) individually.
On the other hand, TiO, was responsive to visible light
irradiation effectively by co-doping with carbon-nitrogen
elements, wherein nitrogen defects promote separation of
photogenerated charges and induce reactive oxygen spe-
cies [15,16]. Besides, metal oxides have been used as dop-
ants, including Cu,0 [17], CuO [18], PrO, [19], WO, [20]
and ZnO [21]. The metal ions served as an electron sink and
reinforced charge separation, leading to inhibition of the
recombination of photogenerated electrons with holes on the
surface of TiO, and the promotion of photocatalytic ability
[22,23]. Furthermore, Nguyen et al. [24] fabricated a com-
posite photocatalyst, coupling p-type ZnFe,O, with n-type
TiO, semiconductors, for photocatalytic oxidation of bisphe-
nol-A. The photogenerated holes and hydroxyl radicals were
considered to be the main oxidants.

It has been recognized that at the near-UV light
(A <400 nm) domain TiO, is photosensitive, of which band
gap energy is about 3.2 eV. To tune the light absorption band
of TiO, into a visible light range, some researchers have also
focused on PbO as the promoter [25,26]. It has been well
known that PbO is a widely used semiconductor [27-29], of
which band gap energy is 2.60 eV [30]. Instead, it has been
shown that methylene blue in wastewater could be effectively
decomposed under visible light irradiation by PbO, catalysts
[31], of which band gap energy is 1.7 eV [32]. It appears that
PbO is responsive to visible light irradiation, whereas it has
been seldom applied for disposal of pollutants in wastewa-
ter. Consequently, this study devotes to assess the feasibil-
ity of mineralization of bisphenol-A in aqueous solution by
PbO irradiated with visible light, wherein the influence of
operating variables and inherent anions on the photocatalytic
performance would be investigated, such as temperature,
dosages of PbO and sulfate anions respectively. Especially,
methanol, ethanol and tert-butyl alcohol individually were
used as co-pollutants in the course of degradation of bisphe-
nol-A to elucidate the presence of reactive hydroxyl radicals.

2. Experimental methods
2.1. Photocatalytic oxidation testing

The experimental system with the major apparatus
involved is depicted in Fig. 1. The photocatalytic cell was a
quartz cylinder equipped with a magnetic stirrer (Heidolph
Corp., MR 3001K Model, Germany), wherein operation tem-
perature was controlled through cooling coils connected
with the thermostat (VWR Scientific Products Corp., 1167
Model, USA). Twelve lamps (8.6 W each) with low-pressure
mercury vapor inside were used as the visible light source at
the main wavelengths of 438, 550 and 619 nm (Philips Corp.,
PL-S Lamps, Amsterdam), which surrounded the photocata-
lytic cell and were sealed in a stainless box. Before tests, the
wastewater feedstock (700 mL) at the bisphenol-A concen-
tration of 100 mg/L, synthesized from deionized water and
bisphenol-A (299%, Sigma-Aldrich, USA), was situated in
the photocatalytic cell. The proportionate amounts of PbO,
obtained from commercial PbO powder (399.9%, Alfa Aesar,
USA) which was wetted and dried at 393 K for 4 h, with or
without calcined at 823 K for 3 h and sieved over 400 mesh,
were put into the basket located at the middle of photocata-
lytic cell center and wall. In this research, experiments were
performed in a batch-wise mode at atmospheric pressure
among the temperature range of 303-318 K. For the dura-
tion of tests, the wastewater was periodically withdrawn
from the photocatalytic cell. Sequentially, the samples were
undergone total organic carbon (TOC) analysis to determine
residual organic compound contents. In additional exper-
iments, four tests with different dosages of PbO (0.7 up to
1.6 g/L) were performed to explore the influence of PbO
powder on the elimination of bisphenol-A. For the purpose
of elucidating the effects of sulfate anions on the decompo-
sition of bisphenol-A, a series of tests under various sodium
sulfate concentrations between 0.02 and 0.10 M were carried
out. In this study, all of the experimental tests were under-
taken at least in duplicate to make the data reliable. The
PbO would be retrieved and executed X-ray photoelectron
spectroscopy (XPS) analysis after experimental tests.

2.2. TOC analysis

Within the course of photocatalytic oxidation tests, the
wastewater was periodically sampled from the photocat-
alytic cell and directly measured utilizing a TOC analyzer
(GE Corp. Sievers InnovOx), equipped with a nondispersive
infrared detector. The organic ingredients in samples were
completely oxidized into carbon dioxide by sodium persul-
fate under supercritical conditions of the water. Conversely,
the inorganic ingredients, acidified by phosphoric acid,
would be transformed into carbonic acid and discharged
in advance. The data acquired from the TOC analyzer was
corrected based on the calibration curve, which has been
established among the range (0-500 mg/L) by the potassium
hydrogen phthalate standard solutions.

2.3. Materials characterizations

The crystallite structures of original PbO (cal-
cined) were determined by an X-ray diffractometer
(XRD, X-MAX/2000-PC, Rigaku/SWXD, Japan) with the
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Fig. 1. Scheme of the experimental apparatus employed for pho-
tocatalytic oxidation tests.

monochromatic high-intensity CuKa radiation (A =1.5418 A)
under the accelerating voltage of 40 kV and emission cur-
rent of 40 mA over the 20 range of 10-80°. The Brunauer—
Emmett-Teller specific surface areas of PbO (calcined) and
PbO (non-calcined) were examined by the nitrogen adsorp-
tion and desorption method at 77 K using a surface area
analyzing system (ASAP 2020, Micromeritics, USA). The
ultraviolet-visible DRS of PbO (calcined) and PbO (non-cal-
cined) were obtained using a UV-Vis spectrometer (UV-DRS,
PerkinElmer Corp., Lambda 850 Model, USA) equipped with
an integrating sphere assembly at the wavelength range of
380 to 800 nm, wherein BaSO, was used as the reference. The
surface morphology of PbO (calcined) and PbO (non-cal-
cined) was observed using a field-emission scanning electron
microscope (FE-SEM, JSM-6500F, JOEL, USA). The surface
electronic states of original reacted PbO (calcined) coupled
with and without sodium sulfate were analyzed by an X-ray
photoelectron spectrometer (XPS, Axis Ultra, Kratos analyt-
ical Ltd., UK) with a monochromatic AlKa excitation source
(hv = 1486.71 eV). The binding energy scale was referenced
to the C 1s core level at 284.8 eV of adventitious carbon.

2.4. Adsorption experiments

Experiments were performed in a bath-reciprocal shaker
(Dong Yang Corp., DKW-40L Model, Taiwan) with a shak-
ing speed of 100 rpm in the dark. The wastewater (250 mL)
and appropriate amounts of PbO or TiO, powder were sit-
uated in a series of stoppered conical flasks immersed in
the shaker, wherein the powder was well dispersed and
operation temperature was maintained at 318 K. During
the execution of adsorption tests, the conical flask was peri-
odically withdrawn, in which the suspension solution was
filtrated using syringe membrane filters (Iwaki Corp., Japan,
0.22 um) for removal of PbO or TiO, powder. The clear resid-
ual wastewater was undertaken in the TOC analysis for the
attainment of bisphenol-A contents.

2.5. Scavenging effects

To gain an insight into hydroxyl radicals descended
from PbO semiconductors under visible light irradiation,

photocatalysis of bisphenol-A was also conducted in the
presence of methanol, ethanol, and tert-butyl alcohol respec-
tively [33,34]. The samples obtained during the photocata-
lytic reaction were undergone UV-Vis spectrophotometry
(PerkinElmer Corp., Lambda 850 Model, USA) at the wave-
length of 276 nm for determination of bisphenol-A concen-
trations [35]. Apart from this, the difference in bisphenol-A
degradation percentage between the absence of ethanol and
the presence of ethanol in the photocatalytic process served
as an index for the yield of hydroxyl radicals. As expected,
higher yields of hydroxyl radicals (or reactive free radicals),
leading to severe ethanol scavenging effect [36], would
bring about a greater difference of bisphenol-A degradation
percentages. Accordingly, the scavenging index would be
employed for the interpretation of testing data in this work.

3. Results and discussion

3.1. Comparison of photocatalytic oxidation of bisphenol-A
by PbO (calcined), PbO (non-calcined), TiO, (anatase) and
TiO, (rutile)

The time-dependent patterns of TOC removal percent-
age using PbO (non-calcined), PbO (calcined), TiO, (anatase)
and TiO, (rutile) respectively under visible light irradiation
are illustrated in Fig. 2a. It clearly indicates that removal
percentages of bisphenol-A via TiO, (anatase) and/or TiO,
(rutile) were negligible (<8%), due to their irresponsive-
ness to the visible light region [37,38], whereas the obvi-
ous bisphenol-A degradation rate was obtained on PbO. It
deserves to note that bisphenol-A could be mostly destructed
by PbO (calcined) irradiated with visible light. The observa-
tion may be ascribed to the generation of reactive hydroxyl
radicals, derived from photogenerated holes. To make
clear the removal pathway of bisphenol-A, the adsorption
experiments over PbO (non-calcined), PbO (calcined), TiO,
(anatase) and TiO, (rutile) respectively in the dark were also
carried out. The outcomes show that the amounts of bisphe-
nol-A physically adsorbed on either PbO or TiO, were insig-
nificant (referred to Fig. 2b). Thus, bisphenol-A was mainly
eliminated through the photocatalytic oxidation pathway.

3.2. Optical and structural properties of PbO

UV-vis DRS of PbO (non-calcined) and PbO (calcined)
are demonstrated in Fig. 3a. Both spectra of PbO exhibit
the strong absorbance among the wavelength of 410 to
630 nm, which falls in the visible light region. Particularly,
the spectrum of PbO (calcined) presents higher absorbance
than that of PbO (non-calcined) among the wavelength of
460 to 630 nm. It seems that PbO (calcined) is more respon-
sive to the visible light irradiation. Further, the band gap
energy of PbO was estimated based on the Tauc’s relation
[(athv)""=A(hv-E )], wherein hv is the incident photo energy,
“A” is a constant and “n” is the exponent value, depending
on whether the electronic transition is directly or indirectly
respectively and usually takes the values 1/2 or 2, [39-41]. To
find the band gap energy, the variation of (ahv)? vs. photo
energy (hv) was plotted, wherein the intercept of the tan-
gent to the X-axis gives the band gap energy. The band gap
energy of PbO (non-calcined) was determined to be 2.61 eV
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Fig. 2. (a) Time-dependent patterns of TOC removal percent-
age by PbO (non-calcined), PbO (calcined), TiO, (anatase) and
TiO, (rutile) respectively irradiated with visible light under the
conditions of visible light power = 103.2 W, T = 318 K, TiO, dos-
age = 1.0 g/L or PbO dosage = 1.0 g/L and (b) time-dependent
patterns of TOC removal percentage using adsorption on the
surface of PbO (non-calcined), PbO (calcined), TiO, (anatase) and
TiO, (rutile) respectively under the conditions of T =318 K, TiO,
dosage = 1.0 g/L or PbO dosage = 1.0 g/L.

(Fig. 3b), consistent with the literature by Suryawanshi et al.
[30]. Also, the band gap energy of PbO (calcined) was eval-
uated to be 1.99 eV. Likewise, the specific surface area of
PbO was reduced from 0.54 m*/g (non-calcined) to 0.20 m*/g
(calcined). Due to the calcination treatment and surface
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Fig. 3. (a) UV-vis DRS of PbO (non-calcined) and PbO (cal-
cined) and (b) band gap energy of PbO (non-calcined) and
PbO (calcined) was calculated based on the Tauc’s relation
[(ahv)'" = A(hv-E )], wherein the variation of (ahv)? vs. photon
energy (hv) was plotted.

morphology of PbO (calcined) smoothened (referred to Fig.
4), of which band gap energy was lower than that of PbO
(non-calcined) [42-47], the superior photocatalytic behavior
over PbO (calcined) may be attributed to both enhancement
on charge conduction and lower band gap energy which
was more sensitive to visible light.

The X-ray diffraction pattern (XRD) of the original PbO
(calcined) was taken in a 20 range from 10° to 80°, as shown
in Fig. 5a. All of the reflections of the XRD pattern can be
indexed to the orthorhombic lattice of a-PbO (JCPDS No.
35-1482) and the tetragonal lattice of 3-PbO (JCPDS No.
01-0824) [48]. Obviously, the PbO (calcined) semiconductor
is mainly composed of 3-PbO of which band gap energy is
2.7 eV, whereas the minor component is a-PbO, of which
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Fig. 5. (a) XRD of the original PbO (calcined) and (b) X-ray pho-
toelectron spectra of Pb 4f core level for original PbO (calcined),
reacted PbO (calcined) and reacted PbO (calcined) accompanied
with sodium sulfate respectively.

band gap energy is 1.9 eV [49]. The original PbO (non-cal-
cined) semiconductor also presents an identical XRD as that
of PbO (calcined). The results agree with the band gap energy

of PbO (non-calcined, 2.61 eV) as mentioned. Instead, the
calcination treatment reduced the band gap energy of PbO
to 1.99 eV using surface smoothness. The energy of visible
light, apparently greater than the band gap of the PbO semi-
conductor, could excite it to generate electron-hole pairs,
wherein photogenerated electrons in the conduction band
may transform adsorbed oxygen into superoxide radicals
and photogenerated holes in the valence band may convert
adsorbed water molecules into hydroxyl radicals. Generally,
the plausible reactions involved in the photocatalytic deg-
radation of bisphenol-A using PbO can be given as follows.

PbO+hv —hi, +e, M
BPA +h, — degradation products (2)
h), +H,0—>H"+"OH ®)
O, +e, - 05 4)
O; +2H,0+2e, —30H +'OH ®)
BPA + "OH — degradation products (6)

wherein h?, represents photogenerated holes in the valence
band and e, represents photogenerated electrons in the con-
duction band.

To elucidate the surface electronic structure of PbO
(calcined), XPS measurements were conducted. Fig. 5b
demonstrates the Pb 4f XPS spectra of the original PbO
(calcined) and reacted PbO (calcined). For original PbO
(calcined), two peaks centered at 143.3 and 138.4 eV were
observed, which were assigned to the binding energy of Pb
4f(5/2) and Pb 4f(7/2) respectively [48,50,51]. Nonetheless, after
the execution of photocatalytic reaction, the binding energy
of Pb 4f_ and Pb 4f_  has shifted to 143.7 and 138.8 eV

(5/2) (712)
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individually. It is evident that Pb cations on the surface of
reacted PbO (calcined) have shifted to higher oxidation state
than that of the original one, due to the migration of pho-
togenerated electrons to the conduction band [52,53]. The
results support the above hypothesis that PbO semiconduc-
tors could produce electron-hole pairs, induced by visible
light irradiation. As expected, the degradation percentage
of bisphenol-A by PbO was higher than that of TiO, in this
study (referred to Fig. 2a).

3.3. Effect of dosage of scavengers on the photocatalytic oxidation
of bisphenol-A by PbO (calcined)

For the insight of reactive radicals responsible for pho-
tocatalytic degradation of bisphenol-A, identical concen-
trations of ethanol, methanol and tert-butyl alcohol was
added into the aqueous solution respectively. As illustrated
in Fig. 6, the degradation percentage of bisphenol-A was
significantly declined due to the introduction of ethanol or
methanol, which reacted rapidly with hydroxyl radicals at
the rate constants of 2.8 x 10° M s™ and 9.7 x 10* M s inde-
pendently [33]. On the other hand, the addition of tert-butyl
alcohol restrained decomposition of bisphenol-A moder-
ately, wherein the reaction rate constant between tert-bu-
tyl alcohol and hydroxyl radicals is 6 x 10® M~ s [54,55].
The decline of bisphenol-A removal percentage corresponds
to the reactivity of scavengers with hydroxyl radicals. Thus,
the outcomes advocate that hydroxyl radicals, descended
from photogenerated holes, were main oxidizing agents
during photocatalytic oxidation of bisphenol-A.

3.4. Effect of operation temperature on the photocatalytic oxidation
of bisphenol-A by PbO (calcined)

As far as photocatalytic processes are considered, it is
essential to determine the appropriate operating tempera-
ture, at which the higher decomposition rate of bisphenol-A
is achieved. Fig. 7 presents the time-dependent patterns
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Fig. 6. Effect of coexistence of ethanol, methanol and tert-butyl
alcohol respectively on the bisphenol-A degradation percentage
under the conditions of visible light power =103.2 W, T =318 K
and PbO (calcined) dosage =1.0 g/L.

of TOC removal percentage as a function of reaction tem-
perature. It is obvious that the TOC removal rate at 318 K
was higher than that at 313 K in the course of photocata-
lytic oxidation of bisphenol-A. Likewise, similar degrada-
tion behaviors were also observed in comparison with the
data of 308 K and that of 303 K. Higher reaction temperature
appears to be favorable for mineralization of bisphenol-A by
PbO semiconductors. Because of suppression of oxygen sol-
ubility in aqueous solution at high temperature [56], leading
to the reduction of superoxide radicals (referred to Eq.(4)),
the principal oxidant for degradation of bisphenol-A could
be ascribed to photogenerated holes and hydroxyl radicals
derived.

3.5. Effect of PbO dosage on the photocatalytic oxidation of
bisphenol-A

From the viewpoint of economics, an optimal PbO
dosage for removal of bisphenol-A should be established.
Fig. 8a illustrates the influence of PbO dosage on photo-
catalytic behaviors. It is transparent that the TOC removal
percentage gave rise with increasing amounts of PbO semi-
conductors. In this study, bisphenol-A could be almost
completely destructed under the PbO dosages of 1.6 g/L.
The observation may be interpreted with an increase of
PbO semiconductors irradiated by visible light, result-
ing in enhancement on the numbers of photogenerated
holes and hydroxyl radicals. That is, the results provide
evidence on our previous inference that photogenerated
holes and hydroxyl radicals were main oxidizing agents.
Further, to clarify the relationship between yields of
hydroxyl radicals and the scavenging index, experiments
with the coexistence of ethanol and bisphenol-A were per-
formed for a variety of PbO dosages (shown in Fig. 8b).
Apparently, the scavenging index indicates an identical
tendency with yields of hydroxyl radicals, which reflect
an analogous trend on the TOC removal percentage (oper-
ation for 60 min).
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Fig. 7. Effect of operation temperature on the TOC removal per-
centage by PbO (calcined) irradiated with visible light under the
conditions of visible light power = 103.2 W and PbO (calcined)
dosage = 1.0 g/L.



3.6. Effect of sodium sulfate concentrations on the photocatalytic
oxidation of bisphenol-A by PbO (calcined)

In general, sulfate anions were usually found in indus-
trial wastewater. Consequently, it is imperative to investi-
gate the role played by sulfate anions in this work. Fig. 9a
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presents the influence of sodium sulfate concentrations on
the photocatalytic degradation of bisphenol-A by PbO
(calcined). Transparently, the degradation percentage of
bisphenol-A displays an increasing trend with sodium sul-
fate concentrations among the range from 0.02 to 0.10 M.
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Fig. 8. (a) Effect of PbO dosages on the TOC removal percentage by PbO (calcined) irradiated with visible light under the conditions of
visible light power =103.2 W and T =318 K. (b) The difference of bisphenol-A degradation percentage between the absence of ethanol
and presence of ethanol under the conditions of visible light power = 103.2 W and T = 318 K, detected by UV-Vis spectrophotometer
and served as scavenging index.
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T =318 K and PbO (calcined) dosage = 1.0 g/L, detected by UV-Vis spectrophotometer and served as scavenging index.
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It could be attributed to the generation of sulfate radicals,
descended from adsorption of sulfate anions on the pho-
togenerated holes (refer to Eq. (7)), which were simul-
taneously inhibited to recombine with photogenerated
electrons [24,57].

h{, +SO;” - SO; @)

A similar trend is observed between TOC removal per-
centages (operation for 60 min) and scavenging index (see
Fig. 9b). It reveals that except for hydroxyl radicals some
sulfate radicals were also generated to promote intense
ethanol scavenging effect. Thus, the introduction of sulfate
anions would be beneficial for photocatalytic oxidation of
bisphenol-A by PbO.

The surface electronic structure of reacted PbO (calcined)
with the existence of sodium sulfate was also investigated by
XPS measurements (shown in Fig. 5b). The binding energy of
Pb4f,, and Pb 4f, has shifted to 144.4 and 139.5 eV respec-
tively after the execution of photocatalytic reaction. That is,
the Pb cations located on the surface of reacted PbO (cal-
cined) accompanied by sulfate anions manifested a higher
oxidation state than those of original and reacted PbO (cal-
cined). The observation could be ascribed to the transforma-
tion of sulfate anions into sulfate radicals by photogenerated
holes, leading to prevent recombination of photogenerated
holes and electrons. In fact, the degradation percentages of
bisphenol-A in the presence of both PbO (calcined) and sul-
fate anions were obviously higher than those of PbO (cal-
cined) alone (refer to Fig. 9a). The results convince us of the
occurrence of Eq. (7), which would make a partial contribu-
tion to the degradation of bisphenol-A.

4. Conclusions

According to the above discussion, it is apparent that
bisphenol-A contaminants in aqueous solution would be
chiefly decomposed by hydroxyl radicals and photogene-
rated holes via PbO semiconductors irradiated with visible
light. Further, the removal percentage of bisphenol-A was
obviously enhanced on addition of sodium sulfate, wherein
sulfate anions were converted into sulfate radicals through
photogenerated holes, which were prevented from recombi-
nation with photogenerated electrons. The band gap energy
of PbO was significantly reduced by smoothening its surface
morphology via the calcination treatment. It is noteworthy
that bisphenol-A could be nearly eliminated through PbO
photocatalysis. The outcomes convince us that PbO semi-
conductors coupled with visible light irradiation may be an
economical manner for disposal of wastewater containing
bisphenol-A.
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