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In this paper, the photocata lytic degradation of Reactive Black 5 (RB5) was investigated with fe rrite bis- 
muth synthesized via ultrasound under direct sunlight irradiation. The intensity of absorptio n peaks of 
RB5 gradually decreased by increasing the irradiation time and finally vanished in 50 min in acidic med- 
ium. The formation of new intermediate was observed in basic medium. The relative concentration of RB5 
in solution and on the surface of ferrite bismuth (BiFeO3) nanoparticles was consider ed during the exper- 
iment in acidic and basic media. The effects of various parameters such as amount of catalyst, concentra- 
tion of dye, and pH of the solution have been studied on the dye degradation. The adsorption isotherm 
and the kinetic of photocatalytic degradation of RB5 were investigated. The adsorption constants in 
the dark and in the presence of sunlight irradiation were compared. The photocatalytic degradation 
mechanism of RB5 has been evaluated through the addition of some scavengers to the solution. In addi- 
tion, the stability and reusability of the catalyst were examined in this work.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction 

Sixty to seventy percent of dyes used in the textiles industries 
contained azo dyes with one or more azo bonds (–N@N–). The in- 
tense use of azo dyes is related to their high solubility, stability and 
color variety and most important its simple dyeing procedure [1].
It is estimate d about 15% of the total world production of dyes is 
lost and is released in the textile effluents during the dyeing pro- 
cess [2]. Some of these dyes not only are toxic, mutagen ic [3]
and carcinogenic [4] compound s, but also are resistant to aerobic 
biodegradat ion [5], and their half-lives under sunlight are greater 
than 2000 h [6]. These dyes even at low concentr ation stop the 
sunlight access to aquatic fauna and flora, and it reduces the pho- 
tosynthetic action within the ecosystem [7]. Hence, the textile 
industries are very important source of pollution of the aquatic 
system.

Lately, there has been considerable attention for the removal of 
dyes by different methods. There are often used adsorption as a
physical method [8], chlorinat ion, ozonation as chemical methods 
[9] and biodegradat ion [10]. These removal methods are not effec- 
tive for a complete degradation and in some cases only provide 
separation of the dyes without any dye degradation, and creating 
a secondary waste problem.

Advanced oxidation processes (AOPs) are based on generation 
of reactive species through illumination of UV or solar light of 
ll rights reserved.
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some active materials. This process can lead to oxidize organic pol- 
lutants to inorganic compounds [11]. From the practical point of 
view, photodegrad ation of pollutants using semiconductor and so- 
lar light is an economical process. Since, the solar energy is an 
abundan t natural energy source, which can be used instead of arti- 
ficial light sources that is expensive and hazardous .

TiO2 is widely used for the degradation of many organic com- 
pounds under UV irradiation because of its low cost, high stability 
and high photocatalyti c activities [12]. The band-gap energy of 
TiO2 is 3.2 eV that can be activated by radiation of UV in the wave- 
length of 387.5 nm. It is known that only 4–5 percent of solar radi- 
ation is UV and this is a limitation for this catalyst which requires 
UV light for activation.

Nowaday s, the perovskit e-type BiFeO 3 (BFO) has attracted con- 
siderable attention due to its narrowing band-gap energy (2.1 eV)
[13], high chemical stability [14], and exhibiting a coexistence of 
simultaneou s ferroelectric and magnetic order parameters [15].
In addition to potential electronic and magnetic applications, BFO 
powders have been used as a new visible-li ght photocatalys t [16].

Ultrasound has been successfu lly used for the synthesis of 
nanocrys talline materials due to its unique effects in recent years 
[17]. In our lab, the sono-synthe sis of semiconduc tors with core–
shell structure was carried out in short time and the product had 
appropriate adsorbability, and high catalytic activity [18–21].
Great attention has also been paid to the direct use of ultrasoun d
for the degradation of wastewater . But, a complete mineraliz ation 
of organic pollutant s by ultrasonic irradiation alone is difficult. A
significant decrease in the concentration of RB5 (94%) was 
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observed in our lab in short time under sonication of the solution 
containing the core–shell nanocompo site. While under similar 
conditions, the concentr ation of dye was decrease d to 4% under 
only sonication and 50% under UV light with nanocom posite 
[22,23].

In this work, the sono-synthesized BFO as a new catalyst was 
used for the degradation of RB5 as a representative dye pollutant 
of the textile wastewaters.
Fig. 1. XRD pattern of BFO nanoparticles synthesized by ultrasonic method.
2. Experimental 

2.1. Chemical and materials 

Bismuth nitrate (Bi(NO3)3�5H2O), Iron nitrate (Fe(NO3)3�9H2O),
Ethylene glycol (EG) and Ethanol from Merck and RB5 from Dystar 
Company of Germany have been used without further purification.
Isopropanol and sodium fluoride (NaF) from Aldrich, potassium io- 
dide (KI) from Merck were used as scavengers and de-ionized 
water was used for the sample preparation.

2.2. Catalyst preparation 

First, to form a transparent solution, 0.008 mol bismuth nitrate 
(Bi(NO3)3�5H2O) was sonicated in ethylene glycol for 15 min. Dur- 
ing sonication, the temperature of solution was increased from 9 to 
35 �C. Without ultrasound, this step was strrired for 150 min at 
35 �C to reach a transparent solution. Then, stoichiometric propor- 
tion of iron nitrate (Fe(NO3)3�9H2O) was added and sonicated for 
another 15 min to obtain a brownish red sol. It should be men- 
tioned that without sonication, this step lasts 60 min to reach a
brownish red sol. Then, the sample was kept in oven at 80 �C for 
several hours to form a xerogel substance. The obtained powder 
was calcined at different temperatures (400 and 500 �C, 0.5 h in 
each temperat ure), washed with distilled water and absolute alco- 
hol for several times, and dried at 70 �C.

2.3. Characterizati on and equipmen t

The crystalline structure of obtained powder was identified by 
X-ray diffraction (XRD, Phlips PW1800) employin g Cu Ka
(k = 1.5406 Å, 2h = 10–70�). The sizes of the samples were deter- 
mined with transmis sion electron microscope (TEM, Leo 912 AB ).
The light absorption ability of BFO nanoparticl es and the absorp- 
tion spectrum of RB5 were analyzed by UV–vis spectra (unic-
o2600). The sample for UV–vis analysis was dispersed in ethanol 
to form a homogen eous suspension by sonicating for 30 min.

The point of zero charge (pzc) of the nanoparticl es was deter- 
mined by plotting the final pH versus the initial pH [24].

The ultrasonic irradiation operating at 20 kHz (Branson Digital 
Sonifier, W-450 D, output acoustic power 41 W (amplitude 75%),
horn with 1.9 cm diameter) was used for the synthesis of nanopar- 
ticles in a Rosset cell. The temperature was controlled by a circulat- 
ing bath. The Bransonic digital ultrasonic bath (Model 8510)
working at 40 kHz was used for the preparati on of sample for 
UV–vis analysis.

2.4. Sunlight irradiation 

The Pyrex glass vessel containing 100 mL RB5 (25 mg/L) and 
appropriate quantity of photocatalys t was magneticall y stirred 
on the window ledge under direct solar radiation. Several stirrers 
were used simultaneously in equal rates of stirring during the pre- 
determined time intervals. The irradiation by sunlight was carried 
out in consecutive sunny days in July 2012 between 11.30 am and 
2.00 pm (GPS coordination: N = 36 �18041.600, E = 59 �31054.200). The 
temperat ure of the solution was between 28 and 32 �C. Before 
starting with sunlight irradiation, the suspensi ons were magneti- 
cally stirred in the dark place for 45 min to attain adsorption–
desorptio n equilibriu m between the dye and photocat alyst. Then,
in appropriate interval times, about 5 mL of suspensi ons was with- 
drawn and after separation of catalyst from the solution with an 
external magnetic field, the concentration of RB5 was measure d
using UV–vis at 600 nm and 620 nm in acidic and basic media,
respectivel y. This measureme nt was done for both samples in the 
dark and under sunlight. The absorption was converted to the con- 
centration through the standard curve of RB5 (Supporting informa- 
tion Fig. S1 (a): acidic medium, (b): basic medium).

Experime nts under different pH were also carried out to reveal 
the role of pH on the photocatalyti c activity of BFO nanoparticles.
The pH values were adjusted by adding HCl or NaOH solution.
3. Results and discussion 

3.1. Characteri zation of the catalyst 

Fig. 1 shows the XRD pattern of BFO nanoparticl es synthesized 
via ultrasound under mild conditions. The peaks in the XRD pattern 
were corresponded to the rhombohed ral structure of BFO with R3c 
space group (JCPDS no: 71-2494), and the calculated lattice param- 
eters a = b = 5.5774 Å and c = 13.8667 Å. No additional peaks re- 
lated to the impurity were observed in the XRD pattern. The 
crystalline size of the sample based on Debye–Scherrer formula 
was about 50 nm according to the (012) diffraction peak. Ultra- 
sound can provide high mixing of the starting materials that is 
appropriate for preparation of sample with high degree of purity,
crystalline structure, and small particle size in a short time.

Fig. 2(a) shows the TEM image of pure BFO nanoparticl es. The 
particles are roughly spherical with an average size of about 60–
80 nm based on Fig. 2(b).

3.2. UV–vis analysis 

UV–vis spectrum of the nanoparticles synthesized via ultra- 
sound is shown in Fig 3. The nanocrystal s can absorb considerable 
amounts of visible light that is appropriate as visible-light driven 
photocat alysts. The inset of Fig. 3 shows the calculatio n of the 
band-gap energy by using Tauc’s equation [25], (ahv)n = B(hv�Eg).
Where a, h, v, Eg and B are absorption coefficient, Planck constant,
light frequency, band gap energy, and a constant , respectively . The 



Fig. 2. (a) TEM and (b) particle size distribution of BFO nanoparticles synthesized 
by ultrasonic method.

Fig. 3. UV–vis spectrum of BFO nanopaticles, the inset shows the calculation of the 
band gap energy.

T. Soltani, M.H. Entezari / Ultrasonics Sonochemistry 20 (2013) 1245–1253 1247
value of n for BFO is 2 which indicates a direct band gap. As shown 
in the inset of Fig. 3, the correspond ing band gap energy of the 
sample can be estimate d by extrapolating the linear portion of 
(ahm)2 against hv plot to the point a = 0.

The band gap energy is estimated about 2.07 eV in accordance 
with the previous reports [26] that is appropriate for the degrada- 
tion of organic pollutants in the visible range.

3.3. Method of photocatalyst synthesis 

For comparison, two samples were synthesized via sol–gel and 
ultrasonic methods. The results show in Fig. 4. The degradation of 
RB5 by nanoparticles synthesized via ultrasound was more effec- 
tive than of the corresponding sol–gel nanoparticl es in both acidic 
and basic media.

The average crystallite size for the sample prepared via sol–gel
method was 82.0 nm based on Debye–Scherrer formula. The nano- 
particles synthesized with ultrasoun d exhibited smaller crystallite 
size (about 50 nm) than the nanoparticles synthesized via sol–gel
method in stricter conditions. The higher photocatalytic activities 
of the sample synthesized via ultrasound could be attributed to 
its smaller crystallite size and higher surface area. This means that 
the number of sorption sites and radical species increase for the 
nanoparti cles synthesized via ultrasound. In addition, the high- 
temperat ure and high pressure produced during the asymmetr ic 
cavitations provide a favorable environment for the growth of 
nanocrys tals [17].

The results show that the nanoparticles synthesized via ultra- 
sound in both acidic and basic media exhibited a higher photocat- 
alytic activity than the nanoparticles synthesized via sol–gel
method. Therefore, the whole experime nts were performed with 
the sample synthesized by ultrasound.

3.4. Effect of catalyst loading 

The amount of catalyst is one of the main parameter for the 
degradat ion studies. In order to study the effect of dosage on the 
photodegr adation efficiency, different values in the range of 
0.25–1.00 g/L were applied in constant dye concentration (25 mg/ 
L) and the results are shown in Fig. 5. Before illumination , the sus- 
pensions were stirred in dark for 45 min to reach an adsorption–
desorptio n equilibrium between the photocatalyst and RB5 
(Fig. 5(a)). The results in dark with 0.25 g/L of catalyst showed that 
Fig. 4. photodegradation of RB5 on BFO nanoparticles synthesized by ultrasound 
and sol–gel methods (c0 = 25 mg/L, pH = 2.5, dosage of catalyst = 0.5 g/L, temper- 
ature = 28–32 �C).



Fig. 5. Effect of catalyst loading on the (a) adsorption efficiency and (b) degradation efficiency of RB5 (c0 = 25 mg/L, pH = 2.5, time of irradiation = 50 min, temperature==28–
32 �C).
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only less than 8% RB5 was adsorbed by catalyst after 45 min. But,
under light irradiation about 70% RB5 was degraded. With increas- 
ing the dosage value to 0.50 g/L, approximat ely 15% RB5 was ad- 
sorbed by catalyst in dark and 99% RB5 was degraded after 
50 min. The similar result was obtained with 0.75 g/L of catalyst.
By increasing the amount of catalyst to 1.00 g/L, the total active 
site on the surface of catalyst increases but, there will be a decrease 
in penetration of sun light irradiation due to an increase in turbid- 
ity of the suspensi on [27,28]. Therefore, it can be concluded that 
higher dosage of catalyst may not be useful because of aggregation 
and reduction of the irradiation field due to light scattering.

The results confirmed that the lowest degradation was obtained 
with 0.25 g/L of BFO nanoparticl es and the highest was obtained 
with 0.50 g/L. Hence, the whole experiments were continued with 
0.50 g/L of the catalyst.
3.5. Effect of pH 

One of the most important paramete r that influences the photo- 
catalytic degradation is pH. The effect of initial pH on the photocat- 
alytic degradation of RB5 as a function of time is shown in Fig. 6.
The experime nts were conducte d in various initial pH values rang- 
ing from 2.5 to 10.5 in a constant dye concentr ation (25 mg/L), cat- 
alyst loading (0.50 g/L) and 50 min of sunlight irradiation. The 
increase and decrease of initial pH solution from natural pH (5.5,
with 24% degradation), increases the dye degradation to 91%
(pH = 10.5) and 99% (pH = 2.5). The surface charge of BFO nanopar- 
ticles changes with change of pH solution. According to the other 
Fig. 6. Degradation of RB5 at different initial pH (c0 = 25 mg/L, time of irradia- 
tion = 50 min, temperature = 28–32 �C).
results, positive holes are responsible as the major oxidation spe- 
cies at low pH, whereas hydroxyl radicals are considered as the 
predomin ant species in neutral or high pH [29].
3.6. Photocata lytic degradation in acidic and basic media 

The UV–vis spectrum of RB5 (Fig. 7) contains five absorption 
peaks. The essential peak is in visible region (600 nm) with a shoul- 
der around 500 nm and others are in ultraviolet range (229, 254,
312, and 391 nm). The absorption peak at 600 nm can be assigned 
to a chromophore containing a long conjugat ed p-system linked by 
two azo groups [30]. The absorption peaks at 312 and 254 nm can 
be attributed to the naphthalene and benzene components, respec- 
tively (Supporting information Fig. S2 ) [31]. These peaks are re- 
lated to the transition of electrons from p bonding to the p⁄

antibondi ng orbital. In addition, two sources of nitrogen including 
azo and amine groups linked to a naphthalene ring present in RB5.

Fig. 7 shows the UV–vis spectra of RB5 in aqueous solution in 
the presence of catalyst at different interval times (pH = 2.5). The 
spectra reveal that no new intermediates or products formed.
The absorption peaks are decreased in intensity with increasing 
irradiation time, vanishing almost completely within 50 min. The 
rapid disappearan ce of the 600 nm absorption band suggests that 
the chromophore structure responsib le for the characteristic color 
of the azo dye is breaking down. In addition, opening of benzene or 
naphthalene rings occurs as speedy of the decoloniz ation that is 
due to the bond-break ing between aromatic rings and azo group.
After 50 min (Fig. 7), the colorless compounds without naphtha- 
lene and benzene groups formed in the reaction medium.

Inset of Fig. 7 shows the relative concentratio n of RB5 in solu- 
tion and on the surface of photocatalyst during the experiments .
According to the desorption test, after reaching equilibrium in dark 
(45 min), approximat ely less than 10% of the dye was adsorbed and 
90% was remained in the solution. In the presence of light, the con- 
centration of dye on the surface and in the solution was decrease d
different ly with irradiation time. The degradation can take place on 
the surface or in the bulk of solution. After 50 min of sunlight irra- 
diation, the relative concentratio n of dye in solution and on the 
surface is negligible and most of them were degraded.

In basic medium (Fig. 8), the UV–vis spectrum of RB5 is partly 
different from acidic medium and generally exhibits three main 
peaks at wavelengths of 620, 312, and 254 nm. As shown in 
Fig. 8, with increasing the time of irradiation, new intermediates 
formed in the visible and ultraviolet regions that can be related 
to the separation of sulfone, sulfonate and amine groups from 
the dye molecule. In addition, the inset of Fig. 8 shows the relative 
concentr ation of dye in solution and on the surface of catalyst dur- 
ing the sunlight irradiation.



Fig. 7. UV–vis spectra of RB5 solution at different contact times with BFO nanoparticles, the inset is the relative concentration of RB5 in solution and on the surface of BFO 
nanoparticles (pH = 2.5, dosage of catalyst = 0.5 g/L, temperature = 28–32 �C).

Fig. 8. UV–vis spectra of RB5 solution at different contact times with BFO nanoparticles, the inset is the relative concentration of RB5 in solution and on the surface of BFO 
nanoparticles (pH = 2.5, dosage of catalyst = 0.5 g/L, temperature = 28–32 �C).
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The photolysis process was not observed in acidic medium un- 
der applied experimental conditions. Therefore, the decrease of 
absorption peaks in UV–vis region in acidic medium was due to 
photocatalyti c process. But, in basic media, about 10% of degrada- 
tion was related to photolysis and the remaining was belong to 
photocatalyti c degradation.
3.7. pH evolution during the RB5 degradation 

Fig. 9 shows a fast decrease of initial pH from 10.5 to 9.2 in basic 
medium after 10 min of irradiation. It decays further to 8.8 with 
increasing the time of irradiation to 60 min. Some intermediates 
may be in the form of organic acids that could be the reason for 
the decrease of pH [32]. It was also reported the production of ni- 
trate and sulfate ions from sulfone, sulfonate and amine groups of 
RB5 [33].

C26H21N5O19S6Na438O2 + UV/TiO 2 ? 26CO2 + 4H 2O + 4NaNO 3 +
HNO3 + 6H 2SO4

Furthermore, in basic medium, the color changed from dark 
blue to orange. But, in acidic medium, the initial pH was constant 
and the color was changed from dark blue to colorless solution.
3.8. Adsorption isotherm 

The adsorptio n of organic molecules on the surface of catalyst 
plays an important role in the photocatalytic reactions . Thus, it is 



Fig. 9. Change of initial pH versus time.
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important to determine the isotherm of adsorptio n using various 
concentratio ns of RB5 in a dark place at pH 2.5. The point of zero 
charge of BFO is 7.0. Therefore, in acidic medium, the surface of 
BFO is mainly positive that is appropriate for the adsorption of 
RB5 by the sulfonate, sulfoxide or sulfone groups. As it is shown 
in Fig. S3 (information supporting), by increasing the concentr a- 
tion, the amount of RB5 adsorbed on BFO nanoparticles increases 
before reaching a plateau.

The linear form of the Langmuir model [34] is represented by 
Eq. (1):

Ce

qe
¼ 1

qmKads

� �
þ 1

qm

� �
Ce ð1Þ

where qe (mg/g), ce (mg/L), Kads (L/mg) and qm (mg/g) are the 
amount of dye adsorbe d on the photocatalys t at equilibrium , the 
dye concentrat ion in solution at equilibrium , the Langmuir adsorp- 
tion constant, and the maximum amount of dye adsorbed on the 
photoca talyst, respective ly. The calculated values of the Langmu ir 
paramete rs from Fig. 10 are Kads = 0.085 L/mg and qm = 9.65 mg/g,
respective ly.
Fig. 10. Langmuir model.
3.9. Kinetics of photocatalyt ic degradation 

The dye concentratio n is a very important parameter in waste- 
water treatment. The effect of various initial concentratio ns of RB5 
from 8.5 to 40.0 mg/L has been investigated by the photocatalytic 
degradat ion in acidic pH (2.5) and the results are shown in 
Fig. 11 (a). It was found that the increase of concentration de- 
creased the removal rate of RB5. As shown in Fig. 11 (b), with 
increasing the concentr ation of dye, the maximum amount of 
adsorptio n increased and more time is required for compete degra- 
dation under sunlight irradiation. In addition, at high concentr a- 
tions, solar light may be absorbed by the dye rather than by the 
BFO nanoparticles that may reduce its catalytic efficiency in short 
time [35].

The photocatalyti c degradation of RB5 obeys the pseudo-first-
order kinetics in terms of modified Langmuir- Hinshelwood (L-H)
model.

r ¼ �dc 
dt 
¼ krKLHC

1þ KLHC
ð2Þ

In this equation, r (mg/L min), kr (mg/L min), KLH (L/mg), c (mg/
L) and t (min) are the reaction rate, reaction rate constant , adsorp- 
tion constant, reactant concentratio n and time of illumination [36],
respectivel y. When c is very small, Eq. (2) can be written in form of 
Eq. (3).

r ¼ �dc 
dt 
¼ krKLHC ¼ kc ð3Þ

where, k (min�1) is the pseudo-first-order rate constant.
In the photocatalyti c process, the dye adsorbs onto the BFO sur- 

face and reaches equilibrium of adsorptio n–desorption after 
45 min. Then, the equilibrium concentr ation of the dye solution 
was used as the initial dye concentration for the kinetic analysis 
(c0). Integration of Eq. (3) with the limit of c = c0 at t = 0 and 
c = ct at time t gives Eq (4).

ln
C
C0
¼ �kt ð4Þ

According to Eq. (4), the plot of ln (c/c0) versus t for all concen- 
trations is linear, and the value of kapp can be obtained directly via 
its slope (Fig. 11 (c)). It is clear that the initial concentr ation of RB5 



Fig. 11. (a) Effect of initial dye concentration on the degradation of RB5, (b) relative concentration of dye in solution and on the surface, (c) kinetics of photocatalytic 
degradation of RB5 and (d) kinetic plot of the photocatalytic degradation of RB5 based on L–H equation (pH = 2.5, dosage of catalyst = 0.5 g/L, temperature = 28–32 �C).
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has a significant effect on the degradation rates. When the initial 
concentratio n is lower, the rate constant of degradation is higher.
In another word, the initial degradation rate of the dye increases 
with increasing the dye concentratio n and finally reaches a plateau 
at higher concentratio ns (Supporting information Fig. S4 ).

Also, Eq. (2) can be modified as Eq. (5).

1
r
¼ 1

krKLHC
þ 1

kr
ð5Þ

The applicability of L–H equation for the degradat ion has been 
confirmed by the linear plot obtained by plotting the reciprocal 
of initial rate (1/r0) against reciprocal of initial concentratio n (1/
C0) as shown in Fig. 11 (d).

The KLH = 0.416 L/mg and kr = 0.936 mg/L min were calculated 
from the slope and the intercept of straight line (R2 = 0.97). The va- 
lue of the adsorption constant determined in the dark using Lang- 
muir model was 0.085 L/mg and the one obtained under sunlight 
irradiation was 0.416 L/mg. Kads from Langmuir isotherm is smaller 
than KLH obtained from photocatalyti c degradation . Similar results 
were reported by others [37] and various hypotheses have been 
suggested for this behavior. The suggestions are as following: (i)
the reactions can take place at the surface and in the bulk solution 
[38], (ii) the solar illumination can change electroni c propertie s of 
BFO [39], (iii) the heat generated during recombinati on reactions of 
active species (electron/hole or radical) can modify the equilibrium 
of pohotocatal yst at the surface [40].
3.10. Visible light driven degradation mechanism 

Some experiments were designed to determine the mechanism 
of degradation in acidic medium. Before irradiation, the experi- 
ments were performed in dark place for 45 min. One experiment 
was carried out in an aqueous RB5 solution without photocatalyst.
The result showedthat the relative concentration of dye did not 
change with increasing the irradiation time. It means, the dye 
was stable versus light irradiation without photocatalyst. Then, dif- 
ferent scavengers were used to determine the mechanism of deg- 
radation, as shown in Fig. 12 .

Iodide ion is a scavenger with redox potential of 1.3 V for the 
couple I�/I�, could react with hvb+ and OH � [41] and consumes the 
oxidizing species available at the surface of the catalyst. When 
20 mM KI was used, the degradation was strongly inhibited as 
shown in Fig. 12 . This confirms the degradation was mainly pro- 
ceeded by direct interaction of RB5 with hvb.or OH �. By adding 
20 mM isopropanol as a scavenger of the hydroxyl radicals, the 
degradat ion of RB5 decreased slightly due to low generation of 
OH� in the medium.

The results obtained by adding 20 mM NaF were similar to the 
addition of isopropa nol. Since the redox potential of the couple F�/
F� is about 3.6 V, F� is very stable against oxidation even by hvb+

[42]. Furthermore, the concentr ation of surface hydroxyl groups 
on the BFO nanoparticl es can be controlled by adopting fluoride
exchange [43]. Based on Fig. 12 , by adding 20 mM NaF, the degra- 



Fig. 12. Effect of different scavengers on the degradation efficiency of RB5 (pH = 2.5,
dosage of catalyst = 0.5 g/L, temperature = 28–32 �C).

Fig. 13. Reusability of the catalyst in successive cycles in acidic pH (2.5)
(c0 = 25 mg/L, time of irradiation = 50 min).
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dation of RB5 was inhibited slightly. This might be explained by 
the formation of OH � from OH � groups of RB5 that inhibited 
through the replacement of the hydroxyl groups on the surface 
of the catalyst by fluoride ion. This behavior could be attributed 
to the position of valance band potentials of BFO at the point of 
zero charge (pHzpc) that can be calculated by the following empir- 
ical equation [44].

EVB ¼ X� Ee þ 0:5Eg ð6Þ

In this equation, EVB, is the VB edge potential , X is the electro- 
negativity of the semiconduc tor that defined as the geometric 
mean of the absolute electronega tivity of the constituent atoms.
Herein, the arithmetic mean of the atomic electron affinity and 
the first ionization energy are defined instead of the common-de- 
fined term [45]. Ee is the energy of free electrons on the hydrogen 
scale (�4.5 eV), Eg is the band gap energy of the semiconduc tor.
Then, the ECB can be determined by ECB = EVB�Eg. Butler and Ginley 
[46] calculated band potentials for several oxide semiconduc tors 
using this method and the results showed that the predicted values 
with this method were in good agreement with the measured flat
band potentials [47].

The valance band of BFO (2.575 V) is lower than the standard 
redox potential of OH �/H2O (2.7 V vs NHE) but, higher than the 
standard redox potential of OH �/OH� (2.3 V vs NHE) [48]. It means 
the photogenerated hole can not oxidize the H2O to form HO � but, it 
can oxidize the OH � groups of RB5 to OH �.
3.11. Stability and reusability of the catalyst 

Estimating the stability and reusabili ty of the catalyst is neces- 
sary for the practical applications. To investiga te the reusability of 
BFO nanoparti cles, the photocat alytic degradat ion experiment was 
repeated several times in acidic medium (pH = 2.5). In each cycle,
the suspension was magnetically stirred for 50 min in the presence 
of sunlight irradiation. Then, the suspensi on was separated from 
the solution by an external magnetic field and again, 100 mL of ori- 
ginal dye solution was added to the separated solid phase. This 
experiment was repeated six times (Fig. 13 ). The results showed 
a slight decrease in degradation efficiency in successive cycles 
and the degradat ion can be completed in longer times. In addition,
the BFO nanoparticl es were very stable during the applied cycles.
4. Conclusion 

The RB5 was successfully degraded by BFO nanoparticl es syn- 
thesized via ultrasound under sunlight irradiation. The dye was 
resistant in direct photolysis and the BFO nanoparticl es exhibited 
a higher photocatalyti c activity in acidic and basic medium rather 
than its natural medium. In addition, the sample synthesized via 
ultrasoun d showed a higher photocatalyti c activity than the sam- 
ple synthesized via sol–gel method. The degradat ion of the dye fol- 
lowed a pseudo-first order kinetic according to the Langmuir–
Hinshelw ood model. Kads obtained from Langmuir isotherm in dark 
and KLH obtained from the photocatalytic degradat ion of the dye in 
the presence of sun light irradiation were compared. After 50 min 
of sunlight irradiation, the relative concentration of dye in solution 
and on the surface is negligible. The synthesized photocatalyst was 
stable and reusable under visible light irradiation in several cycles.
The cleavage of the chromophore structure , naphthalene and ben- 
zene rings were mainly carried out through the hole and OH � pro-
duced during the process.
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