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Ferrite bismuth nanoparticles as a visible light photocatalyst were successfully synthesized via ultra-
sound. The optimum conditions were found and applied for the sono-synthesis of the catalyst. The product
was characterized by different methods. The nanoparticles were used for the degradation of methylene
blue as a typical dye pollutant. In acidic medium, the photocatalytic degradation was carried out under

direct sunlight irradiation. In basic medium, without catalyst, the methylene blue was degraded through
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photolysis under sunlight irradiation. The effect of parameters such as the amount of catalyst and initial
concentration of the dye was investigated on the removal efficiency of methylene blue. The adsorption
isotherm and the kinetic of photocatalytic degradation were studied under different conditions. Further-
more, the degradation efficiency and the chemical oxygen demand reduction were 100% and 83% for the
photocatalytic process, respectively.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Dyes are widely used in industries such as textile, rubber, paper,
plastic, and cosmetic. During the dyeing process, high amount
of the total world production of dyes discharge into the waters
every day [1]. This causes serious environmental problems such
as increase of toxicity, chemical oxygen demand (COD), biochem-
ical oxygen demand (BOD), bad smell, and color of the water [2].
Non-destructive conventional water treatment such as adsorption,
coagulation, flocculation, reverse osmosis and ultrafiltration just
transfer contaminants from one phase to another phase and form
secondary waste problems [3].

Methylene blue (MB) is a blue cationic thiazine dye with Amax
values at 662, 614 and 292 nm [4]. It contains three mesomeric
structures in which the positive charge can be placed either on the
amine nitrogen atom or on the sulfur atom [5]. The reduced forms
of MB, Leuco-methylene blue (LMB) (Amax =256, 322 nm) [6] and
MBH>* (Amax =232 nm) [7] are colorless and stable in aqueous solu-
tion. MB is blue in an oxidizing environment and readily reduced
to the colorless, leuco forms, by reducing agents [8].

Nowadays, advance oxidation processes (AOPs) are successfully
employed for the complete mineralization of organic pollutants in
water [9]. In these processes, photogenerated holes and reactive
species such as hydroxyl radicals in a semiconductor could oxide
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a broad range of organic pollutants quickly and non-selectively to
inorganic substances such as ClI~, SO42~ and NO3~ [10].

TiO, as a photocatalyst can only be activated under UV light irra-
diation (A <380 nm) due to its large band gap energy (3.2eV) [11].
Hence, development of non-titania semiconductors with strong
absorbance in the visible region is very important.

Ferrite bismuth BiFeO3; (BFO) with a rhombohedrally distorted
perovskite structure is a new important visible-light photocatalyst
for the degradation of organic pollutants due to its narrowing band
gap energy (2.2eV) and excellent chemical stability [12-14]. This
photocatalysis is quite different from most of the narrow energy
band gap that suffer from unstable enough against the photocor-
rosion such as CdS [15]. Furthermore, it is famous as a well-known
multiferric compound that demonstrates the coexistence of fer-
roelectric and antiferromagnetic order above room temperature
with Neel temperature (Ty ~375°C) and Curie temperature (T¢
~830-850°C). It is cubic above and rhombohedrally below its Curie
temperature [16,17]. The BFO nanoparticles exhibit a weak ferro-
magnetic (FM) order at room temperature that is quite different
from the linear magnetization-magnetic field relationship in the
bulk [18].

Today, many research groups have developed various meth-
ods to prepare pure BFO nanoparticles [19-21]. The synthesis
of BFO by various methods often is complex and performs at
high temperature (800 °C) which lead to impurity phases such as
Bi, 03, Fe;03, and Bi;Fe40g [22,19]. For example, some impurities
like BizgFe;4057 and BiyFe4Og9 can be existed in the nanoparti-
cles synthesized by a sol-gel method, when Bi(NOs3)3-5H,0 and
Fe(NO3)3-9H,0 dissolved in 2-methoxyethanol and annealed at
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600°C for 30 min [23]. Another phase such as BiysFeO4q appeared
in the powders synthesized by hydrothermal method [24]. Tradi-
tional solid state route, using Bi; O3 and Fe;05 as reactants, needs
high calcination temperature (above 800°C) and the unavoidable
impurities must be removed by leaching in the diluted nitric acid
[25-27]. Thus, preparation of pure phase BFO is still a great chal-
lenge, and it is not possible to prepare the structure-controllable
BFO nanoparticles with high surface area [28,29].

By ultrasound, it is possible to synthesize the pure nanopar-
ticles under normal conditions without additives, and avoiding
calcinations at high temperatures [30]. The high speed microjet
which results from cavitation produce enormous energy that could
improve the chemical and physical properties of the materials
[31]. The sono-synthesis of semiconductors [32-34], sonophotocat-
alytic, sonocatalytic, and photocatalytic degradation of dyes have
been carried out in our lab [35,36].

In this work, the BFO nanoparticles synthesized via ultrasound
applied for the degradation of MB as a representative dye pollutant
of the textile wastewaters.

2. Experimental
2.1. Chemical and materials

Bismuth nitrate (Bi(NO3)3-5H,0), iron nitrate (Fe(NO3)3-9H,0),
ethylene glycol (EG) and MB from Merck have been used without
further purification. Ethanol and de-ionized water were used for
the sample preparation.

2.2. Catalyst preparation

First, to form a transparent solution, 0.008 mol bismuth nitrate
(Bi(NO3)3-5H,0) was sonicated in EG for 15 min. At the end of son-
ication time, the temperature was increased from 9 to 35 °C. Then,
the stoichiometric proportion of iron nitrate (Fe(NO3)3-9H,0) was
added into the solution. The mixture was sonicated for another
10min at the same temperature to obtain a brownish red sol.
Then the samples were kept at 70°C to form a xerogel powder.
The obtained powders were calcinated at different temperatures.
Finally, the powders washed with distilled water and absolute alco-
hol for several times and dried at 70°C.

2.3. Characterization and equipment

The crystalline structure was identified by X-ray diffrac-
tion (XRD) (Philips PW1800) employing Cu Ko (A=1.5406A,
20=10-80°). The sizes of the samples were determined with
transmission electron microscope (TEM, Leo 912 AB). The light
absorption strength of the nanoparticles was analyzed by UV-vis
diffuse reflectance spectra (DRS, MC-2530). The concentration of
MB was measured by using UV-vis spectrophotometer (model
Unico 2800) and the COD was determined under different condi-
tions [37].

The ultrasonic irradiation was performed with equipment oper-
ating at 20 kHz (Branson Digital sonifier, Model W-450 D).

2.4. Sunlight irradiation

The photocatalytic degradation of MB has been investigated
under direct solar irradiation with sample synthesized by ultra-
sound. In this case, several glass vessels containing 100 mL MB
(15mgL-1) and appropriate quantity of photocatalyst (0.5gL~1)
were magnetically stirred at 720 rpm on the window ledge under
direct solar radiation in consecutive sunny days in July 2012
between 11.30AM and 2PM (GPS coordinates: N=36°1841.6",
E=59°31'54.2"). All experiments were carried out at temperature

between 28 and 32 °C. Before illumination, the solution was mag-
netically stirred in dark for 60 min to attain adsorption-desorption
equilibrium between the dye and photocatalyst.

Different amounts of catalyst (0.25-1.00gL~1) were tested (Fig.
S1) for the degradation of 100mL MB (15mgL-1) and the best
dosage was selected (0.50 g L—1). The higher dosage of catalyst may
not be useful because of aggregation as well as reducing the irradia-
tion field due to light scattering [38]. At appropriate time intervals,
about 5mL of suspension was sampled and the solid phase was
separated from the solution with an external magnetic field. The
removal of MB was determined based on the absorption at 662 nm
by using a UV-vis spectrophotometer. Then, the absorption was
converted to the concentration through the standard curve (infor-
mation supporting Fig. S2).

Some other experiments under different pH were also carried
out by adding HCI or NaOH to the solution.

3. Results and discussion
3.1. Characterization of the catalyst

3.1.1. XRD results

Fig. 1 shows the XRD patterns of the xerogel dried at 70°C
and the powders calcinated at different temperatures. The pow-
der at 70°C is amorphous but, with heating to 180°C, some weak
peaks was formed which are related to the bismuth oxide (Bi»03)
and other impurities. The intensity of peaks was enhanced with
increasing the calcination temperature to 400 °C. When the sample
was remained at 500°C for 1h, the XRD analysis showed only the
pattern corresponding to the rhombohedral structure of BFO with
R3c space group (JCPDS no: 71-2494). The slight splitting of peak
at 20 =32 confirms the rhombohedral symmetry of BFO. Further-
more, the width of the BFO peaks increases when the sample was
remained at 400°C for 0.5h and then at 500°C for another 0.5 h.
Based on the Debye-Scherrer formula, the average crystalline size
according to the (01 2) diffraction peak for the sample calcinated at
500°C for 1 h was 58.12 nm and for the sample calcinated at 400 °C
for 0.5 h and then at 500 °C for another 0.5 h was 40.12 nm. There-
fore, the last calcination temperature program was applied for the
synthesis of the catalyst.

At lower calcination temperatures (200 and 300°C), the BFO
had no activity. The nanoparticles calcinated at 500 °C for 1 h, were
impure and had a lower photocatalytic activities than the sample
calcinated at 400°C for 0.5h and then at 500°C for another 0.5 h

Intensity (a.u.)
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Fig. 1. XRD patterns of dried xerogel and dried xerogel that remaining at different
calcination temperatures for 1 h.
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Fig. 2. (a) TEM and (b) particle size distribution of BFO nanopowders.

(not shown). The higher calcination temperatures of 600, 700 and
800°C (1 h) were also checked. These nanoparticles were not pure
the same as other results [23,25-27]. In addition, these nanoparti-
cles exhibited lower photocatalytic activities for the degradation of
MB (not shown). This behavior can be related to the some impurities
and also higher crystallite size of these nanoparticles [28,29]. Thus,
the sample in this work was calcinated at two different tempera-
tures (400 and 500 °C) for 0.5 h and then applied for the degradation
of MB.

For comparison, another sample was synthesized via sol-gel
method at high temperature and long time (3.5h) [14]. The
nanoparticles synthesized with sol-gel method under stricter con-
ditions, exhibited some impurities such as Bi; O3 the same as other
results [22,19,23-27]. This kind of impurity shows a deactivation of
BFO nanoparticles [39]. The XRD patterns of the nanoparticles are
shown in Fig. S3 in the information supporting. Furthermore, the
nanoparticles had higher crystallite size and lower photocatalytic
activity than the sample synthesized with ultrasonic method (not
shown).

During the acoustic cavitation process, very high temperatures
(>5000K), pressures (>20 MPa), and cooling rates (>10'9Ks~1) can
be obtained upon the collapse of the bubbles which provide a
favorable environment for the growth of the nanocrystals [30,31].
In addition, these nanoparticles have smaller crystallite size. This
means that the number of sorption sites and radical species increase
for the nanoparticles synthesized via ultrasound [40].

Fig. 2 shows the TEM image and size distribution of BFO
nanoparticles which are nearly spherical.

3.1.2. Optical performance of BFO

According to the UV-vis DRS spectrum (Fig. 3), the BFO nanopar-
ticles have a strong visible-light absorption which is related to the
band gap energy of the photocatalyst. As shown in the inset of Fig. 3,
the band-gap energy can be calculated by using (ahv)" = B(hv — Eg),
where a, h, v, Eg and B are absorption coefficient, Planck constant,
light frequency, band gap energy, and a constant, respectively [41].
The corresponding band gap energy was about 2.17 eV, by extrapo-
lating the linear portion of (cthv)? against hv plot to the point a=0.
Based on calculation, the band gap energy was comparable with
previous results [42]. Thus, BFO nanoparticles exhibited a strong
potential application as an appropriate photocatalyst for the degra-
dation of materials in the visible region.

3.2. Degradation of MB

3.2.1. Photo-degradation
3.2.1.1. Effect of pH. The solutions of MB without BFO in various
initial pH values from 2.5 to 12.0 were left in a dark place for
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Fig. 3. UV-vis DRS spectrum of BFO nanoparticle synthesized via ultrasound, the
inset shows the calculation of the band gap energy.

60 min. The dye removal efficiency was negligible in all selected
pH. Then, the dye solutions were exposed to sunlight irradiation
and different behaviors were observed as shown in Fig. 4. At natu-
ral and acidic media, there was no decrease in the concentration of
dye. This indicates that the direct photolysis of MB by solar irradia-
tion was negligible at these media. It means that, excitation of dye
molecules by photon and then dispersion of their excitation energy
had no role on the decolorization of the dye (reaction (1)):

Dye + hv — NO Products (1)
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Fig. 4. Photolysis of MB at different pH (Co =15 mgL~"!, time of irradiation = 90 min).
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Fig. 5. Photolysis of MB at pH=11.0 (temp., 32 °C, mixing rate, 720 rpm).

But, with increasing the hydroxyl ions, the rate of photolysis was
rapidly increased (reaction (2)):

Dye + hv?% Products (2)

A complete photolysis of MB was obtained at pH values of 11 and
12 in 90 and 30 min, respectively.

3.2.1.2. Photolysis at basic medium. Fig. 5 shows UV-vis absorption
spectra of MB in aqueous solution at different interval times of irra-
diation (pH =11.0). The absorption peaks between 600 and 700 nm
can be attributed to a chromophore containing a long conjugated
T system, while the absorption peak at 292 nm can be related to
the aromatic rings [43]. According to Fig. 5, the absorption peaks
decrease considerably throughout the irradiation time and finally
disappear after 90 min of sunlight irradiation.

Fig. S4 (information supporting) shows the change of initial pH
from 11.0 to 9.2 after 90 min of sunlight irradiation. This behav-
ior could be related to the subsequent proton-producing reactions,
formation of nitrate and sulfate ions (reaction (3)) [44]:

C15H13N3S+ + 17502 — ‘l6C02+3NO_3,7+SO427+6H+ +6H,0 (3)

The final degradation of MB leads to carbon dioxide, sulfate,
nitrate, and ammonium ions from carbon, sulfur and nitrogen het-
eroatoms, respectively [45,46].

3.2.1.3. Photolysis mechanism. Some experiments were performed
without BFO at pH=11.0 to investigate the mechanism of photoly-
sis. The dye removal efficiency after 90 min in a dark place at 32°C
was negligible (Fig. 6B).

In another experiment, the temperature was raised to 40 °C and
the other variables remained constant. In this case, the photoly-
sis was negligible too. Thus, the temperature has no essential role
on the photolysis of MB. One experiment was carried out under
Ar atmosphere (Fig. 6C). The results showed that the photolysis of
MB was completely stopped under Ar atmosphere. But, at the air
atmosphere, the photolysis of MB was complete after 90 min of sun
light irradiation (Fig. 6D). It means O, has an essential role on the
photolysis of MB. Thus, light, O,, and OH~ have major effects on the
photolysis as it can be stopped with lack of any of them.

Some information were reported from ESR spectroscopy results
about radicalic species formed during the photolysis of MB in acidic
and basic aqueous solutions [47]. In basic aqueous solutions under
solar light irradiations, highly reactive hydroxyl radicals can be
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Fig. 6. Photolysis of MB at pH=11.0 (temp., 32°C; mixing rate, 720rpm,
Co=15mgL~'): (A) original dye, (B) dye in dark for 90 min, (C) dye in light for 90 min
(Ar saturated solution), and (D) dye in light for 90 min (in the presence of air).

formed through monoelectronic reduction of MB* by the hydroxyl
ion [48] (reactions (4)):

MB* + OH — MB* + OH° (4)

Hydroxyl radical species can react with each others and producing
H,0, which is an important active species in degradation processes
(reaction (5)).

20H* — H,0, (5)

Oxygen as a radical scavenger can react with MB* radical and form
0,~* as another important intermediate species according to the
reaction (6) [49].

MB* + 0y > MB* 4+ 0,~* (6)

Thus, the photolysis of MB at basic media could be preceded via
direct reactions of MB with highly reactive radical species that
formed in the presence of sunlight irradiation.

3.2.2. Photocatalytic degradation

3.2.2.1. Effect of pH. One of the most important parameter that
influences the photocatalytic degradation of dye is pH. This is due
to the effect of pH on the surface-charge-properties of the pho-
tocatalyst and the influences on the ionic species in the solution.
Therefore, the effects of pH were investigated on the photocatalytic
activity of BFO. Different experiments were performed at pH values
of2.5,3.5,6.0,8.0,9.5,11.0 and 12.0 as shown in Fig. 7. The dye con-
centration was constant (15.0 mgL~1) and the dose of catalyst was
fixed at 0.5 g L~!. Before illumination, the suspensions were stirred
at dark place for 60 min to reach an adsorption-desorption equi-
librium between the photocatalyst and MB (inset of Fig. 7). Then,
the suspensions were exposed to sunlight irradiation for another
90 min (Fig. 7).

At equilibrium in dark (60 min), approximately 53% of MB was
adsorbed on the surface of catalyst at pH=2.5. But, under sunlight
irradiation, it was completely degraded. With increasing the pH to
3.5, approximately 40% of MB was adsorbed by catalyst in dark and
80% was degraded after 90 min of sunlight irradiation. When the pH
increased to 6.0, the adsorption and degradation were negligible. In
dark place, the catalyst had no adsorption in basic media (8.0, 9.5,
11.0 and 12.0). But, the results show that the removal efficiency of
MB was higher in both acidic and basic media rather than near the
neutral medium under sunlight irradiation (Fig. 7).

The comparison of the pH results (with and without BFO)
showed that the mechanism of degradation of MB in acidic and
basic media is different. The basic medium could not be useful in
the photocatalytic degradation of MB and only the photolysis can
be responsible for the degradation. In addition, with increasing the
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Fig. 7. Degradation efficiency of MB at different pH under sun light irradiation after 90 min, inset: adsorption of MB during 60 min in dark (temp., 32°C; Co=15mgL"!, dose

of catalyst=0.5gL~!, mixing rate =720 rpm).

pH from 8.0 to 12.0, the time of complete photolysis was decreased
too. But, the photocatalytic degradation of MB was carried out in
aqueous solution by BFO nanoparticles at acidic media and the best
results were achieved at pH=2.5.

3.2.2.2. Photocatalysis at acidic medium. At first, the suspen-
sions were stirred at dark place for 60min to reach an
adsorption-desorption equilibrium between the photocatalyst and
MB, then, the suspensions were placed in the presence of sunlight
irradiation for different interval times. The photocatalytic activi-
ties of BFO nanoparticles were studied for the degradation of MB in
acidic medium under sunlight irradiations (Fig. 8).

Based on Fig. 8, the adsorption peaks at 290 and 660 nm which
are attributed to the aromatic rings and conjugated structure
decreased considerably as the time of irradiation increased and
finally disappeared after 80 min of irradiation. In addition, the
results of desorption test from the surface of BFO (not shown) con-
firmed that nearly 95% of MB, was degraded and just 5% remained
on the surface of BFO after 80 min of sunlight irradiation.

The stability and the reusability of nanoparticles were checked
for several times. In each cycle, in the presence of sunlight irradi-
ation, the suspension was magnetically stirred for 80 min. Then,
the suspension was separated from the solution by an external
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Fig. 8. Photocatalytic degradation of MB at pH=2.5 (temp., 32°C; dose of cata-

lyst=0.5 gL', mixing rate=720rpm).

magnetic field and again, 100 mL of original dye solution of MB
(15mgL-1) was added to the separated solid phase. This experi-
ment was repeated four times. The results showed that no decrease
in degradation efficiency was observed in successive cycles. Thus,
the photocatalyst was stable and active under visible light after sev-
eral successive cycles (Fig. S5). The FT-IR results also confirmed this
claim (Fig. S6).

3.2.2.3. Photocatalytic degradation mechanism. The mechanism of
photocatalytic degradation of MB has been checked through the
addition of some scavengers (isopropanol as a scavenger of OH®
radicals, potassium iodide as a quencher of positive hole and OH*)
into the solution. The results showed that the hole as a reactive
species had a key role in the degradation process of MB at acidic
medium (not shown). Therefore, it assumed that after adsorption
of MB on the surface of BFO at dark, the photocatalytic degrada-
tion of MB under sun light irradiation could be preceded via direct
reactions of MB with holes trapped on the surface.

3.2.2.4. Reduction of COD in acidic medium. The removal efficiency
of COD in solution, on the surface, and the total, were examined
at different interval times at pH=2.5. The results are shown in
Fig. 9. The COD was measured by dichromate method [7]. The
COD of adsorbed species on the catalyst was measured through
desorption of species from the surface by dispersing the catalyst in
an aqueous solution at basic medium (pH =10). The solution was

0 20 30 70 110

Time (min)

100

COD (%)
oS8 88888388

M total MW surface M solution

Fig. 9. Removal efficiencies of COD by BFO/light at acidic pH (2.5) (temp., 32°C;
Co=15mgL-"!, dose of catalyst=0.5gL~!, mixing rate =720 rpm).
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Fig. 10. (a) Effect of initial dye concentration on the degradation of MB and (b) kinetics of photocatalytic degradation of MB with different initial concentrations at pH=2.5

(temp., 32°C; dose of catalyst=0.5gL~", mixing rate=720rpm).

sonicated for 30 min in ultrasonic bath for complete desorption.
The COD at time zero is related to the remained dyes in liquid
and on the surface of BFO after reaching the equilibrium in dark.
The COD decreased with increasing the time of irradiation. After
110 min, the COD reached to 7%, 10% and 17%, in solution, on the
surface, and the total, respectively. The experimental data proved
that most of the dye in solution and on the surface was completely
mineralized in the photocatalytic degradation process.

As the results show, the photocatalytic degradation efficiency
and the photolysis efficiency are clearly higher than the COD
removal efficiency. This is due some intermediates that formed
during the mineralization of MB on the surface and in the solution.

3.3. Adsorption isotherm

The adsorption of organic molecules on the surface of catalyst
exhibits an important role on the photocatalytic process. Therefore,
it is important to determine the adsorption isotherm in darkness
by using various concentrations of the dye to evaluate the equilib-
rium constants of the adsorption. The catalyst had no adsorption
in basic medium (8.0, 9.5, 11.0 and 12.0). When the pH decreased
from 12.0 to 6.0, a little adsorption observed on the surface of cat-
alyst. There was a higher adsorption at acidic media (3.5 and 2.5)
that is appropriate to higher photocatalytic activity in these media.

The linear form of the Langmuir model [50] is represented by

() (e

1
qmK

1

am @)

Ce (
ge

where g, (mgg1), the amount of dye adsorbed on the surface of
photocatalyst at equilibrium, ¢, (mgL-1), the concentration of dye
in solution at equilibrium, K (Lmg~1), the equilibrium constant,
and g, (mgg1) is the maximum amount of dye adsorbed on the
photocatalyst.

According to Eq. (7), a plot of (ce/qe) versus ce is shown in Fig. S7
for all of concentrations at pH values of 2.5, 3.5 and 6.0. The values
of Kand g, can be obtained via its intercept and slope, respectively.

The calculated values of the equilibrium constant are
K=0.0914Lmg!, 0.0439Lmg-! and 0.0065Lmg"! for pH 2.5, 3.5
and 6.0, respectively. In addition, the maximum adsorption (qm)
increased from 15.53 mgg~'t022.28 mgg~! and 23.83 mgg~! with
decreasing the pH values from 6.0 to 3.5 and 2.5, respectively. These
results confirm that high adsorption and degradation efficiency at
pH=2.5.

3.4. Kinetics of photocatalytic degradation

Fig. 10 presents the effect of various initial concentrations of
dye from 10.0 to 38.0 mg L~ ! on the photocatalytic degradation effi-
ciency. As shown in Fig. 10, with increasing the concentration, the
maximum amount of adsorption on the surface was increased and
more time is required for complete degradation under sunlightirra-
diation. In addition, at high concentrations of dye, solar light may be
absorbed by the dye itself. Thus, fewer photons reached on the sur-
face of the photocatalyst and lower radical species formed during
the irradiation [51].

The photocatalytic degradation of MB obeys the pseudo-first-
order kinetic in terms of modified Langmuir-Hinshelwood (L-H)
model by Eq. (8):

_dc krkiyc

T odr 1+ Kiyc (8)

In this equation, r (mgL~1 min~1), k; (mgL~1min~1), Ky (Lmg~1),
c(mgL-1) and t (min) are the reaction rate, reaction rate constant,
adsorption constant, reactant concentration and time of irradia-
tion, respectively [40-52]. At low initial dye concentration, the rate
expression (Eq. (8)) can be written in the form of Eq. (9):

dc
= 9
T 9
where k is the pseudo-first-order rate constant and by integration
of Eq. (9) with the limit of c=cg at t=0, it changes to Eq. (10):

krkiyc = ke

c
In— = —kt
Co

(10)

In Eq. (10), cg is the initial concentration and c is the summation
of surface and solution concentrations of dye at each time. Accord-
ing to Eq. (10), the plot of In(c/cg) versus t for all concentrations
should be linear and the values of k (kapp) can be obtained directly
via its slope (Fig. 10 b). The obtained values of kapp are equal to
0.0723 min~!, 0.0350min~', 0.0270min~! and 0.0171 min~! for
initial concentrations of 10.0mgL~!, 14.0mgL-!, 32.0mgL! and
39.0mgL-1, respectively. Therefore, the initial concentration of MB
has a significant effect on the degradation rates, as the rate constant
of degradation is higher when the initial concentration is lower.

4. Conclusion
In this work, pure BFO nanoparticles as an effective photocat-

alyst for the degradation of MB under sunlight irradiation, have
been successfully synthesized via ultrasound at low temperature
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and short time. The nanoparticles with small crystallite size and
strong visible-light absorption were appropriate for the photocat-
alytic degradation of MB. The effect of pH was investigated in details
on the photolysis and photocatalysis of MB. The catalyst showed
a high adsorption in acidic medium that is appropriate for the
complete photocatalytic degradation at low pH. Based on UV-vis
spectrum, after 80 min of sunlight irradiation in acidic medium, all
peaks disappeared and no new peaks observed. During this time,
the relative concentration of dye on the surface was also negligible.
The kinetics of photocatalytic degradation of MB was investigated,
suggesting a pseudo first-order kinetics model. The reduction in the
chemical oxygen demand (COD, 83%) proves the mineralization of
the MB along with the color removal. In basic medium, the degra-
dation of MB takes place by only photolysis of dye in the presence
of sunlight irradiation. At high pH (12), a complete photolysis takes
place in 30 min of irradiation.
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