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Visible light driven photocatalysis for water purification by highly crystalline
multiferroic BiFeO, nanoparticles synthesized via wet chemical route
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ABSTRACT

BiFeO, (BFO) multiferroics were synthesized via a low-cost wet chemical method. The enigma involved
the optimization of different reaction conditions. A comprehensive study was carried out to optimize the
reaction conditions such as molar ratios of surfactant with total concentration of precursors, chemical
source and solubility of precursors and annealing temperature. A pragmatic nucleation of precursors was
achieved at molar proportions 1:1 between cetyltrimethylammonium bromide (CTAB) and total molar
concentration of precursors. An endeavor approach was made to accomplish the appropriate flexibility
of emulsion phase by adding small quantity of ethanol as a co-surfactant, nevertheless the solubility of
Bi(NO,),/BiCl, was unfavorably affected. Subsequently, the single phase product of BFO was observed
with reaction conditions 1:1 molar concentration ratio between precursors and CTAB, with precursors
BiCl, and Fe(NO,).9H,0 and annealing temperature of 900°C for a time of 7 h. The structural elucidation
was made by comparing the extracted data with standard cards (ICDD - 01-086-1518) of XRD. The crys-
tallite size was computed to be 18 nm. The DC conductivity was found to be 1.005 x 10 S cm™. The opti-
cal band gap was found in the range of ~2.6 eV. Keeping in view the optical band gap, BFO nanoparticles
were investigated for photocatalytic degradation of Congo Red dye under visible light. The photocata-
lytic degraded sample was investigated through the high-performance liquid chromatography (HPLC)
and chemical oxygen demand estimation (COD value) for treated sample was calculated to be 63.27%
which is less than the untreated sample which disclosed a photodegradation of Congo Red dye into
simple hydrocarbon products as perceived in HPLC—chromatogram. The post XRD data showed the

stability of BFO which could be separated through a simple bar magnet from reaction container.
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1. Introduction simultaneously in the same material and manipulating in a

The multiferroics materials have unique characteris-
tics of combining both electrical and magnetic properties

way that one can control another [1,2]. BFO is a prominent
multiferroic which simultaneously possesses ferroelectric,
ferromagnetic and anti-ferromagnetic (G-type) order at and
above room temperature. BFO has been considered as a stan-

* Corresponding author. dard material in the global research for new multiferroic
materials. However, the practical use of BFO in fabrication
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of real devices is limited up till now due to some problems
associated with fabrication of single phase BFO. The high leak-
age current density, spiral anti-ferromagnetic spin arrange-
ments and low remittance magnetic density are needed to be
resolved [3,4]. One helpful way to overcome these problems
is to prepare the pure phase BFO. The inclusion of impurities
during the synthesis of BFO could be controlled by adopt-
ing suitable synthetic strategy. Several synthesis routes of
BFO have been reported in the literature (solid state and wet
chemical techniques). Initially, the synthesis of metal oxides
was carried out with solid-state method which was based on
direct reaction of solid-state homogenized powder mixture
of reactants. A high temperature was applied during synthe-
sis and the reaction product was completely controlled by
the mobility of ionic or atomic species within the reactants
and the product [5]. In solid-state method, high temperature
and small particle size of reactants are required for maximum
mobility of reacting species with reaction mixture and only
thermodynamically stable phases are existed. Solid-state
reaction scheme is a pioneer method in fabrication of BFO
materials but impurities are also reported in the final prod-
ucts [6]. In contrast to ceramic approach, the wet chemical
synthesis provides surprising control of size and homoge-
neity of nanoparticles. The wet chemical method is further
divided into different modes depending on reaction path-
way. There are different wet chemical methods reported in
the literature such as sol-gel, co-precipitation, hydrothermal
synthesis, microwave hydrothermal synthesis, sono-chemical
and micro-emulsion synthesis. The most common wet chemi-
cal method is sol-gel method, in which the mobility of metal
ions is reduced by sol-gel reaction medium [7]. The sol-gel
method is commonly used in the synthesis of bulk metal
oxides such as ceramics, glasses, films and fibers [8].

In wet chemical methods, the micro-emulsion method is
also an emerging route in nanomaterials synthesis. Schulman
et al. [9] prepared a quaternary solution of water, benzene,
hexanol and potassium oleate which was stable and homog-
enous but slightly opaque. This solution was purposed as
micro-emulsion. Micro-emulsions are categorized as col-
loidal solutions in which nanodispersions of oil in water or
water in oil stabilized by surfactant which form an interfacial
film separating the polar and the non-polar domains [9], play
vital role in controlling the nanostructures. The nanoemul-
sions have the droplet size in the range of 20-200 nm and
have a unique characteristic to behave like a nanoreactor
[10,11]. It has been observed that micro-emulsions are iso-
tropic, homogeneous and thermodynamically stable solu-
tions. In an aqueous micro-emulsion (oil in water [o/w]),
the hydrophobic domain forms small droplets with almost
homogenized size and morphology which act as nanoreac-
tors [12]. CTAB is a well-known surfactant which is used in
micro-emulsion systems with different reagents and co-sur-
factants for the synthesis of nanomaterials. In 1999, Fangand
Yang synthesized ZrO,-Y,O, nanoparticles by using CTAB/
hexanol/water micro-emulsion [13].

Due to the dynamic nature of micro-emulsion, the
droplets are in Brownian motion, collisions occur among
the droplets which results in fused dimmers and interchange
reactants within a dimmer at a rate constant K. The exchange
of reactants within dimmer could be controlled by flexibility
of surfactant. The exchange of precursor ions is limited and

takes place at interface of both the domains stabilized by the
surfactants. Consequently, a product with narrow size distri-
bution is obtained [14-16].

A dramatic change has been observed in the properties
of nanomaterials as compared with their bulk analogues
for various applications including solar energy harvest-
ing. Researchers are continuously working to explore the
efficient and low-cost photosensitive materials for utiliz-
ing the marvellous source of energy in nature, that is, the
Sun. Therefore, the materials which have the optical band
gap in the range of <3 eV are suitable for sunlight trapping
[17]. No doubt, silicon diodes are the renowned photovol-
taic active materials and are being employed from last sev-
eral decades as solar energy harvesters [18]. The materials
without the body centered crystal structures are associated
with ferroelectricity and showed optical band gap in the
UV/Visible region [19]. However, in last few years, some
efficient materials had been developed for photocatalysis
which possessed not only photocatalytic potential but also
magnetic properties which could be used for the recovery of
photocatalytic material [20].

It has been observed that perovskite materials
showed a significant efficiency for photoharvesting. The
mechanism involved the absorption of light with charac-
teristic wavelength. The absorption of light would enhance
the excitation of electrons followed by increased transient
photocurrent. It was accentuated to synthesize photocatalyst
with significant working efficiency and naturally sustain-
able with sunlight to quash the common organic pollutants
of industrial wastewater. BFO nanoparticles showed opti-
cal energy band gap of ~2.6 eV which is associated with
photoenergy of visible region. Photocatalysis involves the
absorption of a particular band of light and production of
electron-hole pairs on the surface of photocatalyst material
which eventually accelerate the production of free radicals
in the reaction mixture. The reactive species (free radicals)
oxidized the organic compounds. In photocatalytic phe-
nomena, the activity is significantly dependent on surface
area, optical band gap of material and rate of electron-hole
pair recombination [21].

2. Experimental setup

The main focus of research study was to develop an inno-
vative, low cost but efficient pathway for the synthesis of
pure phase BFO by wet chemical method, “microemulsion.”
In present research work, CTAB was selected as an emulsifier
and allied reaction conditions were optimized for significant
parameters which could influence the pure phase of BFO.
The following chemicals were used as a precursor sources
without any further purification: Fe(NO,),.9H,0 (Sigma-
Aldrich, Europe/Germany, 98%), Bi(NO,),.5H,O/ BiCl,
(Sigma-Aldrich, 99%), CTAB (Amresco, Canada, 98%) and
aqueous NH, (BDH 35%) (Sigma-Aldrich, 98%). All the
reagents were prepared in deionized water with successive
decrease or increase in CTAB and reagent concentrations.
100 mL solution of each reagent was measured in separate
beaker. These were stirred and heated up to 60°C. After
attaining the set temperature, 100 mL solution of CTAB was
added into the ferric nitrate solution and stirred for few
minutes. The total volume of reaction mixture was 300 mL
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and it was constant in the whole study. Then an acidic solu-
tion of BiCl, with pH 1.3 was added in the reaction mix-
ture. Immediately a light yellow dense suspension of CTAB
was developed in reaction mixture. Aqueous ammonia
(2 M) solution was dropped with burette and pH of reaction
mixture continuously monitored up to 10.5. The addition
of ammonia solution was stopped and the whole reaction
mixture was stirred for further 5 h. The reaction mixture
was allowed to settle down for 12 h. The precipitates were
washed with deionized water several times till the pH of the
medium becomes neutral. Then the drying was carried out
at a temperature of 100°C. The dried product precipitates
were grinded by agate mortar and pestle. Then each trial
batch was divided into three fractions for annealing at three
different temperatures.

The effects of various parameters on synthesis of single
phase BFO were systematically studied and optimized. The
significant parameters such as concentration of surfactant
CTAB, addition of co-surfactant (ethanol), composition of
bismuth precursor and their solubility in water, annealing
temperature and time of stirring were optimized. The syn-
thesis of nanoparticles is illustrated in Fig. 1.

The whole study was allocated into four batches with
same general synthesis procedure but a successive increase
or decrease was made in optimizing parameters. A small
quantity of synthesized sample BFO-(i) was subjected to
TGA (thermogravimetric analysis). For each trial batch, the
annealing temperature was kept in the range of 800°C-900°C.
Different batches under certain conditions were synthesized
as explained in each batch.
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Fig. 1. Schematic diagram of wet chemical method of BFO synthesis by using single surfactant CTAB.
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2.1. BFO batch-(i)

BFO was synthesized by adopting the aforemen-
tioned standard procedure using following chemicals:
Fe(NO,),.9H,0 (Sigma-Aldrich, 98%), Bi(NO,),.5H,0
(Sigma-Aldrich, 99%), CTAB (98%, Amresco) and aqueous
NH, (BDH 35%) (Sigma-Aldrich, 98%). The molar ratios of
precursors and surfactant were kept as 1:1.5, respectively. It
was observed that at molar ratios 1:1.5, a dense suspension
was developed and the proper stirring was not achieved.
The trial batch sample was divided into three parts and each
part was annealed at 800°C, 850°C and 900°C separately
for 7 h.

2.2. BFO batch-(ii)

In this batch, an attempt was made to increase the flexibil-
ity of surfactant for proper stirring. All the reagents and sur-
factants are same but only a small quantity of co-surfactant
(lower number alcohol), ethanol, was added (20 cm? in total
volume of 300 cm’) to increase the flexibility of surfactant.
All other steps were repeated according to general synthesis
scheme. Physically, a fair stirring was observed and a dark
brown product was obtained. The product was subjected to
sintering and characterized by XRD.

2.3. BFO batch-(iii)

In this batch, the reaction parameters were slightly
changed. The concentration of surfactant was adjusted as
equal molar ratio to the total concentration of precursors and
BiCl, was used as source of bismuth. The same annealing
conditions were applied for each fraction.

2.4. BFO batch-(iv)

The 4th batch was synthesized by adopting the described
standard procedure scheme but only the composition of
bismuth source was replaced with Bi(NO,),.5H,O (Sigma-
Aldrich, 99%) instead of bismuth chloride. Following chem-
icals were used as received for this batch: Fe(NO,),.9H,0
(Sigma-Aldrich, 98%), Bi(NO,),.5H,0 (Sigma-Aldrich, 99%,),
CTAB (98%, Amresco) and aqueous NH, (BDH 35%) (Sigma-
Aldrich, 98%). The molar concentration of surfactant and
precursors was kept similar to 3rd batch.

3. Results and discussion

All the as-prepared four batches of BFO were char-
acterized by thermogravimetric analysis (TGA), Fourier-
transformed infrared spectroscopy (FTIR) and powder X-ray
diffraction (XRD) for structural elucidation.

3.1. Thermogravimetric analysis

The TGA and DSC (differential scanning calorimetric)
thermograms were recorded on a simultaneous TGA/DSC
instrument model “SDT Q600 V8.2 Build 100 thermal ana-
lyzer” at a heating rate of 10°C/min from 30°C to 850°C. The
thermogram showed an initial weight loss of 8% at 73°C due
to loss of water contents. A sharp change in thermogram was

observed in the temperature range 110°C-330°C which was
due to loss of water contents and decomposition of precursor
nitrates. Similarly an exothermic peak was observed in DSC
thermogram at 445°C which might be due to metal oxides
reaction. The percentage weight loss of 10% was observed in
the temperature range 445°C-740°C and there was no further
weight loss upon heating. The total weight loss during ther-
mal analysis between the temperature range 40°C-900°C was
~26% which occurred through different phases in the forma-
tion of perovskite structure [22]. The main purpose of TGA
is to probe the annealing temperature that was found to be
900°C for BFO. The annealing of the samples was carried out
in a controlled muffle furnace Vulcan A-550 at the tempera-
tures 800°C, 850°C and 900°C. The thermograms are shown
in Fig. 2(a).

3.2. FTIR analysis

The optimized sample BFO-(iv)-03 was subjected to
spectral characterization. The FTIR spectroscopic analysis
of synthesized sample was performed within the frequency
range of 4,000-400 cm™ at room temperature. The character-
istic spectral bands of metal oxygen observed in the range
~400-600 cm™ confirmed the formation of BFO nanoparticles
[23]. Fe-O stretching vibrations in FeO, octahedral unit occur
at wave number ~550 cm™. Fe-O and Bi-O bending vibrations
occur at ~441 and ~449 cm™, respectively. A wide spectral in
the range ~420-450 cm™ was found which is attributed to the
bending vibrations of both Fe-O and Bi-O present in FeO,
and BiO, octahedral units, respectively. These spectral bands
are shown in Fig. 2(b).
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Fig. 2. (a) TGA, differential thermal analysis and DSC thermo-
grams of optimized sample BFO-(iv)-03. (b) FTIR spectrum of
optimized sample BFO-(iv)-03.



286

3.3. Structural analysis

The structural elucidation of all the synthesized batches
was performed with the help of XRD technique and these
patterns are shown in Fig. 3. The recorded XRD patterns
of 1st batch, BFO-(i), were compared with standard card.
It was found that all three XRD patterns showed main
peaks at 20 = 35°. Few traces of secondary phase were also
observed (Bi,O,, Fe,O, and Bi,Fe,0,). The XRD patterns of
BFO (annealed at three different temperatures) indicated the
occurrence of impurity phases. However, remarkable peaks
(peaks bearing high intensity) were observed with increase in
temperature from 800°C to 900°C.

The XRD patterns of 2nd batch BFO-(ii)-03 revealed
improved results as compared with 1st batch (all three sam-
ples). However, the main peak was observed at 39° which
exhibited deviation with the standard BFO XRD pattern.

The 3rd batch, BFO-(iii), was synthesized by keeping
in view the aforementioned results of the XRD patterns.
Following steps were taken as follows: the concentration of
CTAB was changed and this time it was used equal molar
ratios (1:1) between the CTAB and total molar concentra-
tion of precursors. Physically an appropriate stirring was
observed at 35°C without co-surfactant. Same procedure was
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repeated for annealing and XRD characterization. The char-
acteristic diffraction patterns of BFO were observed at 20 val-
ues ~22°, 31° and 32°. Although a prominent secondary phase
peaks at 29° and 35° were also recorded in the samples. It
was also noted that all three samples of 3rd batch show sharp
peaks which were not evidenced in 1st and 2nd batches.

In 4th batch, all the reaction conditions remained per-
sistent as followed in 3rd batch (CTAB concentration and
volume 0.2 M/100 mL, precursor concentration 0.1 M/100 mL
each, ammonia solution 2 M and annealing temperature
ranges from 800°C to 900°C. The source of bismuth (Bi) was
altered in this batch. In this batch, BiCl, was used instead of
Bi(NO,),.5H,0. The XRD patterns of this batch displayed
more sharp peaks which are comparable with the standard
pattern of BFO. In this batch, few of the impurity phase peaks
were also obsoleted in the samples which were annealed at
800°C and 850°C, respectively. However, more sharp peaks
were noticed for BFO-(iv)-03 sample in which ignorable
impurities were observed. The XRD pattern of BFO-(iv)-03
was matched with standard data card (ICDDO -01-086-1518)
of BFO. The structural and physical parameters were calcu-
lated using XRD data (BFO-(iv)-03) and all these parameters
are tabulated in Table 1.
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Fig. 3. XRD spectra for different batches, each batch is further divided into 1, 2 and 3 samples and annealed at temperatures 800°C,
850°C and 900°C, respectively. (a) BFO batch-(i), (b) BFO batch-(ii), (c) BFO batch-(iii) and (d) BFO batch-(iv).
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3.4. Current—voltage analysis

Pure phase BFO ceramics show the semiconductor behav-
ior. The insulating behavior decreases with the presence of
impurities. It was reported that high conductivity of BFO is
due to movement of oxygen vacancies. During the synthesis
process, oxygen vacancies are produced by variation of Fe™
to Fe'? states [24]. The electrical resistivity was measured by
I-V measurements by applying Eq. (1):

p=[R (nr?)/1] Q cm 1)

Similarly the conductivity of the sample was measured
by Eq. (2):

o=[1/p] Scm™ )

The conductivity of optimized sample BFO-iv-03 was
found to be 10.506 x 10 S ecm™. The current-voltage (I-V)
plot is shown in Fig. 4.

4. Photocatalytic activity of BFO nanoparticles

After structure elucidation, the optimized product
(BFO-(iv)-03) was applied for photocatalytic activity. The
photocatalytic activity of optimized sample (BFO-(iv)-03)
nanoparticles was studied by setting an experiment of

Table 1
Table for lattice characteristic parameters of BFO-(iv)-03

Sample ID BFO-IV-03
Lattice constants

a(A) 5.5529

b (A) 5.5529

c(A) 14.1280
X-ray density 9.72
Cell volume (A% 435.6387
Bulk density (g cm™) 3.0245
Porosity 0.643
Crystallite size (nm) 18.3546

e BiFeO
0.1 °o°°°
o°°p
°°0°

? C g
= %
= 0.0 —
g o°
(] °®
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2 1 o 1 2 3
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Fig. 4. Current-voltage plot by optimized sample (BFO-(iv)-03).
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photocatalytic degradation of Congo Red. The Congo Red
dye was used as model organic compound because it is read-
ily available and exhibits well-resolved visible spectrum. The
mechanism involves the excitation of valance electrons to the
conduction band by absorbing the sunlight of the photocata-
lyst material. Ultimately electron-hole pairs are generated on
the surface of BFO nanoparticles. Most of the photocatalytic
reactions are carried out in the aqueous medium and active
species of OHe (radicals) are produced which are the good
oxidants. Then in second step these are converted into specie
of ®OOH by attacking on holes [25].

BiFeO, + v — (electron™, + holes" )
(electron, + holes” ) + Congo Red — degraded product

The mechanism of photocatalytic process is illustrated in
Fig. 5.

The fabricated ceramic was scanned for UV/Visible
spectrum by using Agilent Cary-60 spectrophotometer. A
well-defined absorption peak was observed in near visible
region as shown in Fig. 6(a). From UV/Visible spectrum, the
optical band gap was calculated (~2.6 eV) by applying the
Tauc plot [26] as shown in Fig. 6(b).

4.1. Photocatalytic degradation experiment

The experiment was performed in aqueous solution
with initial concentration of 0.5 ppm of dye and 200 mg of
nanoparticles of BFO for 100 cm® of aqueous colloidal solu-
tion. The experiment was conducted in particular assembly
that consists of a dark box made up of hard board with an
aluminum frame structure. The dark box has dimensions of
2 x 2 x 2.5 f® fitted with suitable light sources (UV/Visible)
along with one magnetic stirrer, temperature monitoring
thermometer (100°C), small exhaust fan and power supply
switches. In first instance, the adsorption—desorption equilib-
rium was established in the dark and then the photocatalytic
experiment was started. A 100 cm® solution of Congo Red dye
with 0.5 ppm concentration was taken in a transparent glass
beaker and put on stirrer in the dark box. After recording the
dark adsorption data, the saturated BFO nanoparticles were
illuminated with visible light source (tungsten bulb, 200 W).
The concentration of dye was monitored by spectrophotom-
eter with time interval of 3 min up to 42 min as shown in
Fig. 6(c). The photocatalytic efficiency of BFO nanoparticles
was measured by plotting the graph between time interval
vs. A/A_as shown in Fig. 6(d).

A
-3 =
LA

electron

Conduction band

v
\

Energy band gap

Valance band

Oxidation

Photocatalytic
Degraded products

Fig. 5. Schematic diagram of photocatalytic mechanism.
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4.2. Characterization of photocatalytic degraded sample

The photodegraded reaction mixture was centrifuged
at 10,000 rpm (Scilogex, USA) for 5 min. The sample was
characterized through chromatographic analysis and chemical
oxygen demand (COD) measurements. A fraction of sample
(1 em®) was prepared for high-performance liquid chromatog-
raphy (HPLC) analysis. After filtering sample with 0.45 micron
disposable filter (13 mm diameter), 10 uL sample was injected
to HPLC (Sykam, Germany) with operating conditions; C-18
column, grain size 0.45 um, flow rate 1 mL/min, mobile phase;
0.34 % H,PO, (pH < 3): acetonitrile (77:23) and UV/Visible
detector (diode-array detector) with wavelength scan from
200 to 800 nm. The chromatogram is shown in Fig. 7.

COD measurements were made by following the reported
procedure [27] by using Merck reagents (COD vials), COD
incubator and COD meter. 2 cm® of each sample (treated and
untreated) was added in low range COD vials (150 ppm).
Similarly for blank and standard, 2 cm® of each deionized

0.304 UV-Vis spectra of BiFeO3
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water and potassium acid pthalate solution 2 cm? = 100 mg
COD were added in separate COD vials. All four COD vials
were incubated up to 2 h at 120°C. After completion of incu-
bation time, COD was estimated through COD-meter. The
comparison of COD values for treated and untreated samples
are shown in Table 2. The photocatalytic degradation effi-
ciency of BFO in terms of COD was calculated by applying
the following formula:

Chemical oxygen demand Removal (%) =
[COD for untreated — COD for treated]
COD for untreated

x 100

The COD value for treated sample was calculated to be
63.56% less than the untreated sample which showed a pho-
todegradation of Congo Red dye into simple hydrocarbon
products as observed in HPLC-chromatogram.

1.6
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Fig. 6. (a) UV/Visible spectrum of optimized sample, (b) Tauc plot of optimized sample, (c) photocatalytic degradation of Congo Red.
(d) A plot between A/A_ vs. time (minutes) photocatalytic degradation of Congo Red.
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— Detector 1
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‘bsorbance

(@) me ° frin]

Noise: 0.1338 mAU
mau)

(b) HPLC- Chromatogram for photodegraded CR dye
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Fig. 7. HPLC-chromatogram of untreated (a) and photocatalytic
degraded Congo Red dye (b).

Table 2
COD estimation for untreated and treated samples of Congo
Red dye

Reagent blank COD (mg) 0.002
Standard COD estimation (mg)

Assigned value 100

Measured value 98.78
COD estimation for untreated sample (mg) 102.31
COD estimation for treated sample (mg) 37.47
COD differences (mg) 64.84
COD removal (%) 63.56

5. Stability of BFO material

The BFO nanoparticles were investigated for post struc-
tural stability by comparing the XRD pattern after applica-
tion in photocatalytic degradation experiment. The XRD
pattern was exactly same as obtained before application for
photocatalytic degradation (Fig. 8). It could be extracted from
results that BFO nanoparticles are resistant to any physical
and chemical damages during the experiment.

6. Conclusion

BFO has been synthesized with new and low-cost single
surfactant micro-emulsion technique. The optimization of
various reaction parameters was monitored. It was observed
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Fig. 8. Post-XRD spectrum for BFO-iv-03 (after photocatalytic
degradation application for Congo Red dye).

that the addition of co-surfactant increased the flexibility of
micro-emulsion reaction mixture. Bi(NO,),.5H,0 and BiCl,
were soluble in concentrated HNO, and the acid strength
may be diluted up to pH value ~1.5. The use of BiCl, instead
of Bi(NO,),.5H,O evoked pronounced results. The annealing
temperature was estimated by TGA/DSC curves which exhib-
ited insignificant weight loss beyond 820°C. All the samples
were annealed at same range of temperatures, that is, 800°C,
850°C and 900°C in the same furnace. The optimized results
were obtained for the sample (BFO-(iv)-03). This sample was
annealed at 900°C for 7 h. The crystallite size was found to
be <20 nm, which is useful for many advanced technological
applications. The optimized sample was also subjected for
UV/Visible scan and optical band gap was measured by Tauc
plot in the range of ~2.6 eV. The conductivity was measured
by current—voltage relation in the range of 1.005 x 10° S em™.
The fabricated BFO was investigated for photocatalytic activ-
ity. The photodegradation analysis of Cong Red dye was car-
ried out and very good results were obtained. The treated
sample was investigated through HPLC and COD values for
treated and untreated samples. Both the techniques exposed a
photodegradation of Congo Red dye into simple hydrocarbon
products. The post XRD characterization showed chemical
and physical stability during the photoreaction and suggested
the recyclability of the prepared photocatalyst material.
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Symbols

BFO —  BiFeO,

CR dye —  Congo Red dye

COD —  Chemical oxygen demand

CTAB —  Cetyltrimethylammonium bromide
HPLC —  High-performance chromatography
v —  Current-voltage relation

h —  Plank’s constant
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TGA/DSC —  Thermogravimetric analysis/differential
scanning calorimetric

p —  Resistivity

o —  Conductivity

v —  Photon frequency

XRD —  X-ray diffraction
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