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Abstract: Dyeing wastewater poses a serious threat to
environmental protection and industrial development. The
piezoelectric effect can be used to optimize the band
structure of semiconductors and improve the photon
efficiency of photocatalysts. Bi,Fe,O,, a narrow gap
semiconductor with piezoelectric effect, was prepared by a
hydrothermal synthesis method for the degradation of
reactive dye KN-R. The results show that the degradation
efficiency of KN-R can be significantly improved by piezo-
photocatalysis, and the degradation rate constant of piezo-
photocatalysis k, , is about 3.4 times as large as the
degradation rate constant of piezoelectric catalysis k,; and
about 2. 6 times as large as the degradation rate constant of
photocatalysis k. At a pH value of 3 and a lower KN-R
mass concentration ( 60 mg/L ), a higher degradation
efficiency ( 98.5%) is achieved. CO} and cationic
surfactant (CTAB) inhibit the degradation of KN-R. It is
proved that the contributions of different active species to
the degradation of KN-R follow the order: -OH, -O;, h*,
and 'O,. The possible mechanism of piezo-photocatalytic
degradation of KN-R was discussed. The photoexcitation
generates a large amount of free charges, and the
piezoelectric effect modulates the energy band structure of
Bi,Fe,O, and promotes the separation of photogenerated
electron-hole pairs. The synergistic effect of the two factors
significantly improves the degradation efficiency of KN-R.
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0 Introduction

Water pollution has significant negative impacts on
human health, socio-economic development and
ecological environment. Globally, a large amount of
organic dye wastewater is discharged annually, which
leads to an increasing concentration of organic dyes in
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water bodies and serious pollution of the water
environment''’. To address these challenges, there is an
urgent need to develop new, efficient and
environmentally friendly water treatment technologies for
wastewater. Photocatalytic degradation of pollutants is a
promising approach due to its greenness, efficiency and
simplicity>*'. However, the activity of photocatalysts is
significantly impacted by photon yield and electron-hole
separation efficiency. Improving the photon yield and
carrier separation rate of photocatalysts is currently a
significant research topic"**'.

Piezoelectric  materials  generate  piezoelectric
potentials in response to mechanical vibrations. Built-in
piezoelectric electric fields are considered to be an
effective strategy to enhance photogenerated -carrier
separation and transport "*'. Researchers'*"' presented
the piezoelectric electrochemical effects of ZnO
microfibers and BaTiO, microcrystals on water cracking
and dye degradation under ultrasonic vibration. Numerous
research experiments have shown that piezoelectric
semiconductor materials affect the energy band structure
of photoelectron-hole pairs and the separation of
photoelectron-hole pairs by generating an internal electric
field under external vibration conditions"'*"".

Bi,Fe,O, is composed of alternating layers of
bismuth-oxygen ( Bi—O hexahedral ) and iron-oxygen
(Fe—O octahedral and Fe—O tetrahedral ). Related
studies have shown that there is spontaneous polarization
within the Bi,Fe,O, crystal, where the 6s” lone electron
pair on Bi*" hybridizes with the 2p orbital of 0>, leading
to the symmetry breaking of Bi,Fe,O,, which gives rise
to piezoelectric effects''*"). Bi,Fe,0, is also a narrow
bandgap semiconductor with a bandgap width around
2.0 eV and has a wide response range in the visible
spectrum ***"'.  Bi,Fe,0, is a non-toxic, low-cost,
recyclable and chemically stable bismuth-based light-
driven material. Bi,Fe,O, can be prepared by solid-
phase, sol-gel and hydrothermal methods. In view of the
piezoelectric effect, excellent photocatalytic performance,
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low cost, environmental friendliness and high stability,
Bi,Fe,O, has received wide attention in the fields of

251 and active

photocatalysis'>*! | piezoelectric catalysis
oxidants'**"

Therefore, in this research, photocatalyst Bi,Fe,O,
nanosheets with the piezoelectric effect were synthesized to
degrade dye wastewater simulated by reactive dye KN-R.
Photocatalytic, piezoelectric and piezo-photocatalytic
degradation performances of the synthesized Bi,Fe, O, were
compared. The effects of pH values, common ions and
surfactants on the degradation efficiency were discussed,
and major active species were verified by the electron spin
resonance ( ESR) test and quenching experiments. The
possible piezo-photocatalytic degradation mechanism was
discussed.

1 Materials and Methods

1.1 Materials

All the reagents were analytical grade and used
directly without further purification. Bismuth nitrate
hydrate ( Bi (NO, ), - 5H,0), ferric nitrate hydrate
(Fe(NO,), * 9H,0) , nitric acid (HNO, ) , hydrochloric
acid (HCl) , sodium hydroxide (NaOH) , methyl alcohol
(CH,0H), ethyl alcohol ( C,H,OH), p-benzoquinone
(p-BQ ), tert-butanol ( -BuOH ), furfuryl alcohol
(FFA), sodium oxalate ( AO-Na), 5, 5-dimethyl-1-
pyrroline N-oxide (DMPO), 2, 2, 6, 6-tetramethyl-4-
piperidone ( TEMP) , sodium chloride ( NaCl) , sodium
sulfate ( Na,SO, ), sodium carbonate ( Na,CO, ),
calcium chloride ( CaCl, ) and magnesium chloride
(MgCl, ) were purchased from Sinopharm Chemical
Reagent Co., Ltd. ( Shanghai, China). Reactive dye
KN-R ( KN-R in short ), polyethylene glycol 2000
( PEG-2000 ), sodium dodecyl sulfate ( SDS ) and
cetyltrimethyl ammonium bromide ( CTAB ) were
obtained from Aladdin Chemical Co., Ltd. ( Shanghai,
China). The deionized water was used throughout the
experiments.

1.2 Synthesis of Bi,Fe, O,

Bi,Fe, O, was synthesized utilizing a hydrothermal
method that was adapted from Refs. [ 28 —30], with
further modifications to optimize the synthesis process.
Bi(NO, ), - 5H,0 and Fe ( NO,), - 9H,O were
dissolved in 0. 4 mol/L concentrated HNO, (80 mL) at a
molar ratio of 1 : 2. Solid NaOH was added to the
solution to maintain a concentration of 12 mol/L, and the
mixture was stirred thoroughly for 0.5 h. Subsequently,
the precursor was transferred to a 100 mL
polytetrafluoroethylene reaction liner and reacted at
190 °C for 12 h in a high-temperature and high-pressure
reactor. It was then cooled overnight and washed three
times with dilute HNO, , deionized water and C,H,OH,
respectively. Finally, it was dried at 60 C. The systhesis
diagram of Bi,Fe, O, is shown in Fig. 1.

Fig. 1 Systhesis diagram of Bi,Fe,O,

1.3 Characterization of Bi,Fe,O,

The crystalline structure of Bi,Fe,O, was characterized

by X-ray diffraction (XRD) (D/Max-2550PC, Rigaku
Corporation, Japan). The elemental compositions and
chemical states of Bi,Fe,O, were analyzed by X-ray
photoelectron spectroscopy ( XPS ) ( AXIS Supra,
Shimadzu Corporation, Japan ). The microscopic
morphology of Bi,Fe,O, was characterized by scanning
electron microscopy (SEM) (JSM-5600LV, JEOL Ltd.,
Japan ). The ultramicroscopic morphology and lattice
resolution of Bi,Fe, O, were characterized by transmission
electron microscopy ( TEM) (Talos F200S, FEI Co., the
Netherlands ). The light absorption properties of
Bi,Fe,O, were tested by ultraviolet-visible diffuse
reflectance spectroscopy ( UV-Vis DRS ) ( Shimadzu
UV-3600, Shimadzu Corporation, Japan). The active
species of Bi,Fe, O, were detected by an ESR instrument
(JEOL-FA200, JEOL Ltd., Japan). The piezoelectric
properties of Bi,Fe, O, were tested by piezoelectric force
microscopy (PFM) (Dimension Icon, Bruker ( Beijing)
Scientific Technology Co., Ltd., China).
1.4 Experimental process

In this study, KN-R was used as the degradation
substrate, the ultrasonic cleaner (40 kHz, 600 W)
(SK3200HP, Shanghai Kudos Ultrasonic Instrument Co.,
Ltd., China) was used as the mechanical pressure device,
and the Xe lamp (300 W, A >400 nm) ( BL-GHX-V,
Shanghai Biron Instrument Co., Ltd., China) was used as
the simulated light source. The piezo-photocatalytic
activity of Bi,Fe,O, was evaluated under ultrasonic and
visible light irradiation. First, Bi,Fe,O, (30 mg, 0.6 g/L)
was dispersed into KN-R solution (50 mL ), and the
reaction was carried out for 60 min under the ultrasonic
and visible light environment. Every 10 min, 3 mL of the
supernatant was collected and filtered through a 0. 22 pm
filter, and then the absorbance of the filtered solution at
the maximum absorption wavelength (590 nm) was
measured by UV-Vis DRS. The kinetic rate of KN-R
degradation is calculated as
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C\ Figure 2(e) shows the high-resolution TEM ( HRTEM )
In c ) ht, (1) image of Bi,Fe,O,, and the lattice spacing d of Bi,Fe,O,
0

where C, and C, are the initial concentration and residual
concentration of KN-R, respectively; k is the first-order
kinetic rate constant; ¢ indicates the reaction time.

2 Results and Discussion

2.1 Characterization of Bi,Fe, O,

Figure 2(a) shows the XRD pattern of Bi,Fe,O,,
with the inset providing a detailed view of the standard
diffraction pattern of Bi,Fe,O, ( Joint Committee on
Powder Diffraction Standard, JCPD # 25-0090). The
diffraction peaks of 14.7°, 28.1°, 28.8°, 33.6° and
47.0° correspond to the (001), (121), (211), (130)
and ( 141 ) crystal faces of Bi,Fe,O,, respectively,
indicating that the Bi,Fe,O, crystal has been synthesized
successfully. Figures 2(b) and 2(d) present SEM and
TEM images of Bi,Fe,O,, which more intuitively reveal that
Bi,Fe,O, exhibits a square shape. Figure 2(c) shows that
the average size of Bi,Fe,O, is (329.44 +130.38) nm.

is about 0.266 nm, corresponding to the (130) crystal
face of the mullite phase Bi,Fe,O,. The XPS survey
spectrum of Bi,Fe, O, is shown in Fig.2(f). Figure 2(g)
shows the XPS spectrum of Bi 4f°*'. The peaks of
164.2 eV and 159.0 eV represent the 4f,, and 4f ,
orbitals of the Bi element, respectively. Figure 2 (h)
shows the characteristic peaks of the Fe element in the 2p
orbit, with Fe 2p,,, and Fe 2p, , corresponding to peaks at
711.0 eV and 724.0 eV, respectively. The peaks at
binding energies of 725. 1 eV and 711. 4 eV correspond to
Fe(IIl), and those at binding energies of 722. 8 eV and
709.4 eV correspond to Fe (I ). The remaining
characteristic peaks are satellite peaks of Fe (III) and
Fe(II) ™. Figure 2(i) shows the characteristic peaks
of O 1s, where 529.5 eV corresponds to lattice oxygen
(O, ) and 531.8 eV corresponds to adsorbed oxygen
(O, ). The adsorbed oxygen can obtain superoxide
radicals that capture the electrons generating active
species on the surface of Bi,Fe, O, and plays an important

role in the catalytic process >

Fig.2 Characterization of Bi,Fe,O,: (a) XRD pattern; (b) SEM image; (c) size distribution; (d) TEM image; (e) HRTEM image;
(f) XPS survey spectrum; (g) XPS spectrum of Bi 4f; (h) XPS spectrum of Fe 2p; (i) XPS spectrum of O 1s
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Figure 3(a) shows typical butterfly loops observed
under the application of an applied electric field, with a
maximum amplitude of about 145 pm. Figure 3 (b)
shows the hysteresis loops of Bi,Fe,O,. When the
applied forward voltage is 10 V, the phase value is about
50°; when the voltage changes to —10 V, the phase value
is nearly —130°. The absolute phase value of the positive
and negative turnover difference of the domain structure
within the crystal is about 180°. It indicates that the

domain structure is flipped in the opposite direction in the
lattice, which proves the piezoelectric effect of
Bi,Fe,O,. In addition, PFM can also be used to
characterize the surface topography of Bi,Fe,O,.
Figure 3(c¢) shows the three-dimensional ( 3D )
morphological image of Bi,Fe,O,, Fig. 3 (d) is the
amplitude image, and Fig. 3 (e) is the phase image in
which the light and dark regions indicate different
polarization directions"™’ .

Fig.3 PFM analyses of Bi,Fe,O,: (a) piezoelectric butterfly loops; (b) hysteresis loops; (c¢) 3D morphological image ;

(d) amplitude image; (e) phase image

2.2 Performance of piezo-photocatalysis

Figure 4 (a) shows the effects of photocatalytic
(under the light condition, denoted as UL) , piezoelectric
catalytic (under the ultrasonic condition, denoted as US)
and piezo-photocatalytic (under both ultrasonic and light
conditions, denoted as US/UL) degradation of KN-R by
Bi,Fe,O,, respectively. The experiment is conducted
under the following conditions; the dosage of Bi,Fe,O, is
30 mg, the volume of 100 mg/L KN-R is 50 mL, the pH
value is 3, and the temperature is 25 C. The inset in
Fig. 4(a) shows the color change of KN-R solution at 0,
20, 40 and 60 min of piezo-photocatalysis. Under dark
and non-ultrasonic conditions, the adsorption efficiency
of Bi,Fe,O, on KN-R is about 20. 0%, the degradation
efficiency of the single photocatalysis is close to 50.0%,
the degradation efficiency of the single piezoelectric catalysis
is about 65. 0%, and the degradation efficiency of ultrasonic
and light combined piezo-photocatalysis is about 70.8%,
which suggests that the degradation efficiency is significantly
improved. Figure 4 (b) shows the kinetic fitting diagram.
The first-order kinetic rate constant values of piezoelectric
catalysis, photocatalysis and piezo-photocatalysis are
k,;,=0.00508 min™', k, = 0.00673 min" and k

pi-ph T

0.01720 min™', respectively. It means that k0 18 about
3.4 times as large as k, and about 2. 6 times as large as
k. Figure 4(c) shows the instantaneous response currents
under UL, US and US/UL conditions. Compared with
the current under the UL or US condition, the current
under the US/UL condition shows a significantly stronger
amplitude, confirming the synergistic effect between
piezoelectricity and light.

Figure 5 shows the piezo-photocatalytic degradation
efficiency of KN-R at different pH values. The pH value
range is set between 1 and 11 because KN-R can be
hydrolyzed when the alkalinity is too strong. Other
experimental conditions are as follows: the dosage of
Bi,Fe,O, is 30 mg, the volume of 100 mg/L KN-R is
50 mL and the temperature is 25 C. The results show
that under alkaline and neutral conditions, Bi,Fe,O,
exhibits little piezo-photocatalytic effect on the
degradation of KN-R. However, with the decrease of pH
value, the catalytic effect is significantly enhanced.
When the pH value is 3, the catalytic effect is the best.
As the pH value continues to decrease, the catalytic
performance becomes slightly less effective. KN-R, as an
anionic dye, has a negative surface charge under neutral
or alkaline conditions, and there is a repulsive effect with
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the negatively charged Bi,Fe,O,, and thus the catalytic
effect of Bi,Fe,O, is reduced. Under certain acidic
conditions, the hydroxyl group on the surface of
Bi,Fe, O, is more easily combined with H' to generate

hydroxyl radical, which enhances the catalytic effect. As
the protonation degree of KN-R increases, it becomes
more susceptible to adsorption and degradation by
Bi,Fe,O,.

Fig.4 Photocatalysis, piezoelectric catalysis and piezo-photocatalysis; (a) KN-R degradation efficiencies; (b) rate constants; (c¢) instantaneous

response currents

Fig.5 Effect of pH on degradation of KN-R

Figure 6 shows the influences of different factors on
the degradation efficiency and recycling effect. The
experiment is conducted under the following conditions:
the dosage of Bi,Fe,O, is 30 mg, the pH value is 3 and
the temperature is 25 C. Figure 6(a) shows the piezo-
photocatalytic degradation efficiency at different mass
concentrations (60, 100 and 140 mg/L) of degradation
substrate KN-R. The degradation efficiencies are 80. 9%
(60 mg/L ), 51.2% (100 mg/L ) and 49.1%
(140 mg/L) at 30 min and 98. 5% (60 mg/L), 70.0%
(100 mg/L) and 61.1% (140 mg/L) at 60 min,
respectively. When the mass concentration of KN-R
increases, on the one hand, the absorption of visible light
by Bi,Fe,O, decreases; on the other hand, the limitation
of the active sites on the surface of Bi,Fe,O, leads to the
decrease of the degradation efficiency.

Inorganic salts (e.g. Na,SO,) are used in large
quantities in the dyeing and printing process. To
investigate the effect of common inorganic salt ions on
the degradation efficiency, five KN-R solutions

containing NaCl, Na,SO,, Na,CO,, CaCl, and MgCl,,
respectively, with a concentration of 20 mmol/L are
prepared. Figure 6(b) shows that all inorganic salt ions
except Na' inhibit the degradation efficiency of KN-R to
some extent, and the inhibition effect of Cl~, Ca® and
Mg* is weak, while the inhibition effect of SO? and
CO? is very strong. The KN-R degradation efficiency
decreases from 98. 5% to 72.4% under the influence of
SO? and decreases from 98.5% to 53.4% under the
influence of CO? . Surfactants are also widely used in the
dyeing and printing process. To investigate the effect of
surfactants on the piezo-photocatalytic degradation of
KN-R by Bi,Fe,O,, three KN-R solutions containing
anionic surfactant SDS, cationic surfactant CTAB and
nonionic surfactant PEG-2000, respectively, with a
concentration of 20 mmol/L are prepared. Figure 6 ( ¢)
shows that the nonionic surfactant PEG-2000 has no
significant effect on the degradation of KN-R; the
degradation efficiency of KN-R is partially inhibited by
the anionic surfactant SDS, and the degradation
efficiency decreases from 98.0% to 75.0%. The
cationic surfactant CTAB has a strong inhibitory effect
on the degradation of KN-R, and the degradation
efficiency decreases from 98. 5% to 53. 4%.

Figure 6 ( d) shows the piezo-photocatalytic
degradation efficiency of different kinds of dyes at the
pH value of 3. Four different kinds of dyes are selected
for the experiment; KN-R, anionic dye methyl orange
(MO ), cationic dye methylene blue ( MB ) and
nonionic dye disperse blue 56 ( E-4R). The mass
concentration of the dye is 60 mg/L. The highest
degradation efficiency is achieved for anionic dyes
(98. 5% for KN-R and 96. 9% for MO) , followed by
nonionic dye (92.3% for E-4R ), and the lowest
degradation efficiency is achieved for the cationic dye
(75.7% for MB). Bi,Fe, O, can be recycled from the
degradation solution by filtration, washing and drying.
Figure 6 (e) demonstrates the degradation efficiency of
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five cycling experiments, and the degradation
efficiency remains high at 88. 9% after five cycles.
Figure 6 (f) proves that the structure of Bi,Fe,O, is
stable after five cycles without shifts and stray peaks.

In Fig. 6 (f), fresh represents the Bi,Fe,O, sample
before the recycling degradation experiment and used
represents the sample after the recycling degradation
experiment.

Fig.6 Influences on degradation efficiency and recycling effect; (a) KN-R mass concentrations; (b) common ions; (c¢) surfactants;

(d) different dyes; (e) recycling effect; (f) XRD patterns

2.3 Identification of active species

To investigate the major active species during piezo-
photocatalysis, AO-Na, p-BQ, #-BuOH and FFA are
added to the KN-R solution as quenchers for hole (h"),
superoxide free radical (+O,), hydroxyl free radical
(-OH) and monomer oxygen ('O, ), respectively. As
shown in Fig. 7 (a), the degradation efficiency of KN-R
with AO-Na, p-BQ, #-BuOH and FFA decreases from
98.5% (no quencher) to 50.3%, 42.8%, 33.9% and
85. 1% , respectively. Therefore, it can be concluded that the
contributions of different active species to the degradation of
KN-R follow the order: -OH, :O,, h*, and 'O,.

ESR is used for the identification of active species.
The test results are shown in Figs. 7(b) -7 (d). In
Fig. 7(b), the peak signal of DMPO--O, is detected

under both UL and US conditions, and the peak signal of
DMPO--0O, is further enhanced under the US/UL
condition. As shown in Fig.7(c), no obvious
TEMP-'0, peak signal is detected under the condition of
UL alone, while a weak TEMP-'O, peak signal is
detected under the condition of US alone. However, the
peak signal of TEMP-'0, increases significantly under the
condition of US/UL. Similarly, in Fig. 7 (d), no
DMPO--OH peak signal is detected under the condition of
UL alone, while a weak DMPO--OH peak signal is
detected under the condition of US alone, and the peak
signal is enhanced when US and UL are combined. The
above experimental results show that the synergistic effect
of ultrasonic and light significantly enhances the active
species generated on Bi,Fe, O, surface.
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Fig. 7 Analyses of active species: (a) effect of quencher on degradation efficiency; (b) DMPO--0; ; (c)TEMP-IOZ; (d) DMPO--OH

2.4 Mechanism of piezo-photocatalysis

The UV-Vis DRS test can be used to characterize the
absorption performance of the solar spectrum. As shown
in Fig.8(a), Bi,Fe,0, has a strong absorption
performance in the visible region below 600 nm, and a
weak absorption performance in the visible region above
600 nm. In addition, according to the Kubelka-Munk
function equation, the measurement data of UV-Vis DRS
spectrum can be converted into a curve of hv-( chy)?
(shown in the inset of Fig. 8(a)), where hv is the
photon energy and o« 1is the absorbance at the
corresponding wavelength. The bandgap width of
Bi,Fe,O, can be calculated according to this curve.
According to the extrapolation of the linear part of the
curve and the x-axis intercept, the bandgap test result of
the material can be obtained ™™’ . It can be seen from
Fig. 8(a) that the bandgap value E, of Bi,Fe,O, is about
2.16 eV.

To determine the band of Bi,Fe,O,, the Mott-
Schottky curve is tested to estimate its flat-band potential.
The Mott-Schottky curve of Bi,Fe,O, is shown in
Fig.8(b), where C represents capacitance. The
intersection point between the tangent line of the Mott-
Schottky curve and the x-axis is the corresponding flat-
band potential ®’. It can be obtained that the flat-band
potential E, of Bi,Fe,O, is —0.63 eV (vs. Ag/AgCl). In
this research, the Mott-Schottky test electrolyte is Na,SO,
solution, with a pH value of 6. 8. Therefore, the relative
standard hydrogen potential (NHE) can be calculated as

E, =E, +0.197, (2)

Ey =E, +Eg. (3)

According to Eq. (2), the conduction band ( CB)
potential E., of Bi,Fe,O, is estimated to be —0.43 eV.

According to Eq. (3), the valence band ( VB) potential
E,;, of Bi,Fe,O, is estimated to be 1. 73 eV.

Fig. 8 Optical properties of BiyFe,O,: (a) UV-Vis DRS spectrum and (ahv)?-(hv) curve; (b) Mott-Schottky curve

Based on the above analyses, we propose the
possible mechanism of piezo-photocatalytic degradation of
KN-R by Bi,Fe,O,. The carrier migration path and free
radical generation mechanism of photocatalysis,
piezoelectric catalysis and piezo-photocatalysis are shown
in Fig. 9. When photocatalyzed alone, the E, value of
Bi,Fe, O, is relatively small (2.16 eV ), which can

capture visible light. Photon energy excites electrons
from VB to CB, and photogenerated electrons e~
accumulate on CB, leaving holes h* on VB. Since E, of
Bi,Fe, O, is more negative than the reduction potential of
0,/-0, (—0.33 eV), photogenerated electrons e~ can
reduce O, to generate active free radicals -O, for the
degradation of KN-R. At the same time, E,;, of
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Bi,Fe, O, is 1. 73 eV, which is more cathodic than the
oxidation potential of OH/:-OH (1.99 eV ), so the
photogenerated holes h* cannot oxidize OH™ to generate
-OH, but directly oxidize KN-R. In the piezoelectric
catalysis, the ESR test demonstrates the presence of
-OH. This is because the US induces the formation of a
piezoelectric potential that gradually decreases through the
material from the poles to the center. The piezoelectric
potential causes the overall tilt of the VB position of the
material "’ | and the VB on the surface of the positive
electrode of Bi,Fe,O, is lower than 1. 99 eV, thus reducing
OH™ to -OH for the degradation of KN-R. However, in this
process, the external energy input by the US is low and the
concentration of free charges is low. Under the simultaneous
action of US and UL, a large amount of free charges are
excited, and the trend of shielding piezoelectric potential on
the volume phase transfer and interface transfer paths is more

obvious. In this process, more h*, -OH and -O, can be
generated for the degradation of organic matter, significantly
improving the efficiency of catalytic degradation.

The piezoelectric effect of the US modulates the
energy band structure of Bi,Fe,O, while facilitating the
separation of photogenerated -electron-hole pairs and
increasing the concentration of reactive species, which
enhances the degradation efficiency of KN-R.

The reaction equations are as follows

, us/hv
Bi,Fe,0, — e+ h’, (4)
OH + h"——-OH, (5)
0,+ e —-0,, (6)

KN-R + - OH, h*, -O,——degradation products. (7)

Fig. 9 Mechanism of Bi,Fe,O, in piezo-photocatalytic degradation of KN-R

3 Conclusions

This research focuses on the performance of
Bi,Fe, O, in piezo-photocatalytic degradation of KN-R.
The degradation efficiency of KN-R can be significantly
improved by piezo-photocatalysis, and the degradation
rate constant k., is about 3.4 times as large as k; and
about 2. 6 times as large as k,. The pH value of 3 and
the lower KN-R mass concentration (60 mg/L) result in
better degradation efficiency ( 98.5%). CO? and
cationic surfactant CTAB inhibit the degradation of
KN-R. It is proved that the contributions of different
active species to the degradation of KN-R follow the
order: -+OH, -0, h", and 'O,. The possible mechanism
of Bi,Fe,O, in piezo-photocatalytic degradation of KN-R
is discussed: light excitation generates a large amount of
free charges, the piezoelectric effect modulates the energy
band structure of Bi,Fe,O, and promotes the separation of
photogenerated electron-hole pairs, and the synergistic
effect of the two factors can significantly improve the
degradation efficiency of KN-R. It provides a new
strategy for developing highly efficient piezo-

photocatalysts and improving the efficiency of solar
energy utilization.
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T8k R B (Bi,Fe,0,) M)k HL G HE AL B2 A B4 i 186 1k
#e B} KN-R

ARHF2 AR qRI?
1. FAEE RSOV E B SR, 1 201620
2. TRfeeop LS T2ERE, 1 201620

T OE. CDYE AR IREE AR RN Tl & AR Jl ™ F R, R N T DA SR A A 2 SR 1 R A5 A,
AR O FROCR . TR KA B ki & T HA He AU 1 78 (1B 24K Bi,Fe,0,, F T FEf#
et K IS PR YR KN-R, BFFE45 S0, Bi,Fe,0, [k HLOGHEAL AEMS B 3548 & M KN-R IISCR, &
HOCAHE AL IR A A A B K, 00 290 T H AR A R A 30 B &, RO AL R R B &, 19 3.4 F5 I 2.6
¥, Y4 pH A~ 3 H KN-R Fiit i AR (60 mg/L) I, MEA#SUR R (98.5%) , CO> HIFH B 1 2 1 1 1 7
(CTAB) 2414l KN-R AUFEA# . TG PERIRNZEXT A% KN-R A STRRFEEEMCIK . - OH, - O, h*, '0,., AlfE
14 s F A AL R A LB A S & 7 A R ) B LRy, R AAKONI IR 5 T Bi,Fe, O, IREHF 45 M T A2 T A:
HL 28 7O B A B, P DRI B 3542 8 T KIN-R IR RR0R

kiR Bi,Fe,0,; HAOGHEAL; FEfE; BRI, THMEYLE KN-R



