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Abstract

The investigation of photocatalytic and fuel additive properties of bismuth ferrite (BiFeO5) microparticles is main objective
of this work. Individual properties of bismuth and iron are synergistically reinforce in BiFeO;. X-ray diffraction spectroscopy
is used to analyze the phase, phase purity and lattice structure of BiFeO;. Fuel additive and photocatalytic nature are linked
to morphology and size of particles. Morphological analysis showed that rod like particles are arranged in the form of star
like structures. Fuel additive role of BiFeOj is analyzed by testing calorific value, flash point, fire point, surface tension,
kinematic viscosity, cloud point and pour point of fuel loaded with 20, 40, 60 and 80 ppm additive. Amount of additive has
affected all the properties of fuel. So additive role of BiFeO; is analyzed which helps to decide whether BiFeO; can be used
as additive on large scale or not. Photocatalytic degradation of dyes is studied in aqueous medium using BiFeO; as photo-
catalyst. Photocatalytic role of BiFeOj is analyzed by measuring apparent rate constant (k,,,,), percentage degradation and
degradation time of all dyes. k,,, of dyes is as follows: CV (0.0371 min™"), RB5 (0.0186 min™"), MR (0.0159 min™"), MB
(0.0147 min™"), EBT (0.0142 min~"), MX (0.0135 min~!), CR (0.0133 min™"), FG (0.0098 min~") and SN (0.0088 min™").
Comparison of all these parameters helps to analyze that degradation of dyes is linked to their structure and nature.
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1 Introduction architecture and properties which enable their applications in

field of electrochemistry [1, 2], biomedicine [3-5], catalysis

Synergistic effect of two distinct metals enhanced their indi-
vidual properties and new enhanced properties are produced.
Bimetallic nanoparticles possess variety in composition,
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[6-11], sensing [12, 13] and optics [14, 15]. These applica-
tions depend on the composition, size, shape and surface
chemistry of nanoparticles [16]. Bimetallic nanoparticles
have been widely used as catalyst in oxidation, reduction or
degradation of chemicals for example oxidation of dyes [17],
glucose [18], carbon monoxide [19, 20], benzyl alcohol [21],
crotyl alcohol [22], methanol [23], toluene [24], dehydroge-
nation of propane [25] and hydrogenation of nitroarene [26].
Iron (Fe) nanoparticles are highly reactive towards water and
oxygen. So its use become limited in last decade. It is also
reported that addition of second metal prevented oxidation
of Fe atoms in air and also enhanced the adsorption and sur-
face properties. Therefore Fe based bimetallic nanoparticles
such as palladium—iron [27], copper—iron [28], nickel-iron
[29] and silver—iron [30] have been fabricated to overcome
the problems faced by Fe nanoparticles.

Extensive study has been reported to best tune bismuth
(Bi) based bimetallic nanoparticles i.e. bismuth—lead [31],
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bismuth—tin [32], bismuth—tungsten [33] and bismuth—cad-
mium [34]. Bi is well known for thermoelectric, diamagnetic
and environmentally resistant properties. Bi nanoparticles do
not react with media but its band gap is greater than that of
Fe nanoparticles. Bi hybridized d band is associated with Fe
and present just above the fermi level. Thermoelectric power
shown predominance of hole carrier and ferroelectricity that
lead to cause G-type antiferromagnetism. Therefore proper-
ties of Bi are tried to couple with Fe in the form of bismuth
ferrite (BiFeO;).

Numerous studies has been reported on synthesis, dop-
ing and applications of BiFeO; nanoparticles. Shokrollahi
et al. have used co-precipitation method for the synthesis
of BiFeO; nanoparticles of 30-60 nm size [35]. Chen et al.
have reported that BiFeO; was synthesized by hydrother-
mal method with average size around 5 nm [36]. Lone et al.
have synthesized BiFeO; nanoparticles by reverse micellar
approach [37]. Chakraborty et al. have synthesized BiFeO,
nanoparticles by sol-gel method [38]. Ruby et al. have syn-
thesized BiFeO; nanosheets by microwave assisted approach
and studied photocatalytic degradation of methyl orange
[39]. Ghahfarokhi et al. [40] and Ponraj et al. [41] have
doped BiFeO; with various atomic percentage of manganese
(Mn) to increase its application scope towards photocatalytic
systems. Europium doped BiFeO; has been also reported
but not applied in any field yet [42]. BiFeO; has been also
used as reinforcement with graphene matrix for its use as
electrode material [43]. BiFeO; nano/micro particles have
been rarely used as catalyst for degradation of dyes. Cop-
per doped ZrO, [44], iron doped ZrO, [45], barium titanate
[46], cobalt [47], nickel [47] and copper sulphide @titania
[48] nanoparticles and graphitic carbon nitride—metal com-
posites [49-51] have been used as catalyst for degradation
of dyes and hydrogen production. Numerous catalysts have
been reported for degradation of dyes but reusability, leak-
age and high band gap are the major problems associated
with those catalysts [52-58]. Bands of Bi and Fe overlap
and band gap is reduced. High hole carrier ability of Fe
and inert/non-toxic behavior of Bi has diverted attention of
researchers towards its used in field of photocatalysis. In
this work, BiFeO; microparticles are used as catalyst for
degradation of variety of pollutants (including azo dyes).
This sort of approach has not been developed previously.
So that a single catalyst has been designed for degradation
of series of azo dyes. In this work, BiFeO, microparticles
are also used as additive for commercial fuel to increase its
application scope.

Mostly additives are used in the form of oils, polymers
and micro/nano particles. Very few reports are available
in which detailed synthesis, characterization and forma-
tion mechanism of additive micro/nano particles have
been discussed. Metal oxide [59, 60], mixed metal oxide
[61], bimetallic [62] and many other additives have been
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reported by our group. On account of the data, Bi and
Fe pair has been designed which can show efficient calo-
rific value similar to cerium oxide nanoparticles, Cerium
is well known fuel additive, but its cost and toxic nature
always limits its use [63]. Therefore BiFeO; is used as
additive in fuel and fuel parameters like fire point, flash
point, calorific value, specific gravity, surface tension and
kinematic viscosity have been analyzed.

BiFeO; is first time used as fuel additive and catalyst.
This research is focusing on the synthesis of BiFeO,
through micro-emulsion method by using ferric chloride
and bismuth chloride precursors. Obtained product is char-
acterized by X-ray diffraction spectroscopy (XRD) and
scanning electron microscopy (SEM). BiFeO; micropar-
ticles is used in applications as fuel additive and catalyst.

2 Experimental
2.1 Materials

Bismuth chloride (BiCly), ferric chloride (FeCl;-6H,0),
phenyl hydrazine (C4HgN,), n-hexane (C¢H,,), ethanol
(C,HsOH), hydrochloric acid (HCI), sodium borohydride
(NaBH,), sodium hydroxide (NaOH), polyethylene gly-
col, hydrogen peroxide (H,0,) and acetone (C;HsO) were
purchased from Sigma-Aldrich USA. All the chemicals of
research grade were used. Diesel-PSO Limited was used as
sample fuel. Distilled water was used throughout experi-
mental work. All chemicals were used as it is without any
further purification.

2.2 Synthesis of Bismuth Ferrite Bimetallic
Microparticles

100 mL n-hexane and 20 mL distilled water were mixed
and stirred for 1 h at room temperature. 3 mL polyethyl-
ene glycol was added into reaction mixture during stir-
ring. After 1 h microemulsion was divided into two parts.
8 g BiCl; and 1.6688 g FeCl;.6H,0 were dissolved in one
part of microemulsion and stirred for 1 h. 10 mL reduc-
ing agent phenyl hydrazine was dissolved in other part of
microemulsion and stirred it for 20 min. Both solutions
were mixed and stirred for 1.5 h at room temperature to
obtain product. Product was washed 4 times with distilled
water. Precipitates were collected by centrifugation at
3000 rpm and dried in oven at 60 °C for 24 h. The dried
product was ground and subjected to calcination at 600 °C
for 6 h in muffle furnace as shown in Fig. S1.
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2.3 Study of Photocatalytic Application

BiFeO; microparticles were used as catalyst for degradation
of Congo red (CR), methylene blue (MB), methylene red
(MR), crystal voilet (CV), reactive black 5 (RBY5), Eri-
ochrome black T (EBT), fast green (FG), murexide (MX),
safranin (SN). 3.5 mL of 0.1 mM dye, 0.2 mL H,0, and
10 mg catalyst were added in a cuvette and absorbance at
Amax Of dyes was monitored by UV-Vis spectrophotometery.
k,,, was obtained by plotting graph between In A/A_ and

app
. . A .
time using formula In 2 = —k,,, X 1. Here A, is absorbance

app
at time zero and A, is absorbance at different time. Beer-
Lambert’s law (A =ecl) was used to determine the concen-
tration (c) of reactants from absorbance (A). € is absorption

coefficient of solution and 1 is path length of cuvette.

2.4 Study of Fuel Additive Application

Different parameters like fire point, flash point, calorific
value, surface tension and kinematic viscosity were meas-
ured of 20, 40, 60 and 80 ppm additive concentration and
sonicated for about 5 min before analysis.

2.5 Characterization

XRD pattern of product was obtained by using Jeol JDX-
3532 diffractometer. CuK radiations at 40 kV and 150 mA
in 10°-80° 2-theta range were used. Lattice parameters
from XRD data was analyzed by MATCH 3.0 software.
VESTA software 3.4.0 was used for the structural analysis
of unit cell. SEM FEG-250 Quanta (Thermo Fisher Scien-
tific, USA) is available at National Textile Research Center
(NTRC) of National Textile University (NTU), Faisalabad,
Pakistan. It has been used for morphological imaging of syn-
thesized product. It is equipped with field emission electron
gun (FEG). Sample is coated with gold prior analysis using
Sputter Coating Machine. Catalytic activity was checked by
VIS-1100 UV-Vis spectrophotometer. ASTM-D 93 Cleve-
land open Cup Tester, Apex Lab Equipment Company, is
used for determination of flash point and fire point of fuel
samples. 100 mL of fuel sample was poured into the cup of
tester and flame is applied to determine the flash point and
fire point. Gravity meter ASTM D 1217 is used for measure-
ment of specific gravity of fuel samples. ASTM D 240 Oxy-
gen Bomb Calorimeter is used for determination of calorific
value of fuel samples. 1 mL of fuel sample is poured into the
tube of the calorimeter and 220 V is applied to burn the cop-
per wire and ignition is produced. Ostwald’s viscometer was
used to determine dynamic viscosity of fuel samples. 20 mL
fuel sample was taken in viscometer and measured time of
measurement of flow of sample through capillary tube. Then

kinematic viscosity is determined by dividing the dynamic
viscosity with specific gravity. Cloud point of samples was
measured by pouring it into a test jar to a level about half
fill. A cork or jar led was used to close the jar and had a test
thermometer. The bulb of thermometer was positioned to the
bottom of jar. The entire set up was maintained in constant
temperature cooling bath. After every 1 °C, the jar was taken
out and cloud point is noted when cloudy appearance was
observed in the sample. The temperature was noted when
the sample did not flow for 5 s while holding in horizontal
direction that temperature noted as pour point.

3 Results and Discussion

3.1 XRD

XRD pattern of bimetallic microparticles is shown in Fig. 1.
Majority of the peaks are matched with PDF No. 96-154-
2194 which indicated that the synthesized product is BiFeO;.
Sharp peaks are present at 2-theta 30.90°, 32.01°, 45.93°,
51.54°,55.02°,57.14° and 67.23° with miller indices (110),
(113), (215), (119), (306), (316) and (317) respectively. Less
intense peaks are present at 2-theta 22.58°, 37.53°, 39.56°,
45.53°,51.28°, 60.28°, 65.29° and 71.15° with miller indi-
ces (104), (211), (108), (200), (102), (220), (314) and (229)
respectively. Presence of sharp peaks in XRD pattern indi-
cates that product is highly crystalline. Many peaks are over-
lapped at 2theta 61.02°, 75.01°, 47.08° and 39.05° which
might be due to the instrumental broadening and may be
the reason of noise. Detailed summary of lattice parameters,
atomic coordinates, density, volume, crystal system, bond
lengths and bond angles are given in Table S1. This data is
used to construct structural model given in Fig. S2. Unit cell
of BiFeO; is trigonal with hexagonal axes and having space
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Fig. 1 XRD pattern of BiFeO; bimetallic microparticles
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group R 3 ¢ (161). The atomic coordinates of Fe, Bi and O
are given in Table S1. The structural model indicated the
position of Fe, Bi and O atoms in unit cell and their arrange-
ment according to x, y and z axis. Structural model indicates
that one Bi atom is surrounded by four Fe atoms and one Fe
atom is at center and surrounded by 8 Bi atoms which are
located at different positions in unit cell. Trigonal structure
of BiFeO; is diagrammatically shown in Fig. S2(a). Bi atoms
are present in center and corners of unit cell. Every Bi atom
is surrounded with six Fe atoms. Bonding between atoms of
Fe, Bi and O are shown in Fig. S2(b). Fig. S2(c) explained
that Bi atom is surrounded by Fe atoms and formed trigonal
structure. Every Bi atom is part of one trigonal but every Fe
atom is part of two trigonal connected with each other (Fig.
S2(d)). Two planes with miller indices (119) and (316) are
shown in Fig. S2(e) and (f) respectively to show the position
of atoms. These planes are constructed with their respec-
tive d-spacing values obtained from XRD data analysis. The
intensity of these planes is maximum among all diffraction
peaks, that’s why these planes are identified in the structural
model. Plane (316) has six atoms with three Bi and three Fe
atoms. Plane (119) has only two atoms constituted by one
Bi and one Fe atom.

3.2 SEM

SEM images of BiFeO; bimetallic microparticles are given
in Fig. 2. SEM images are recorded at X6000 and x8000
magnifications as shown in Fig. 2a, b respectively. It is
observed from images that particles are fused with each
other. Few rod like particles are also observed. The dimen-
sions of microrods are almost 5-6 um and 1.5-2.0 um.
Micrords are arranged in the form of stars. Around five

microrods are joined with each other and formed microstar
like assembly. Aggregation of particles is occurred due to
high surface energy of particles. So particles fused with each
other to decrease their energy. SEM tells about the surface
morphology of particles Size of particles is also calculated
from SEM images. Photocatalysis is related to surface of
particles. Because adsorption of dyes occurred at surface
of catalyst. If particles are non-uniform then distribution
of active sites is not uniform and their catalytic activity is
affected. The surface area of small particles is greater than
that of big particles, so catalytic activity of small particles
is found greater than that of big particles.

3.3 Application of FeBiO; Microparticles as Fuel
Additive

Now a days fuel additives are very demanding therefore
microparticles are used as additives to improve the effi-
ciency of fuel. For checking of role of additives, different
parameters of diesel are tested. Five samples of different
concentration as 0, 20, 40, 60 and 80 ppm are prepared.
Different combustion and physical characteristics like flash
point, fire point, pour point, cloud point, surface tension,
specific gravity and kinematic viscosity are analyzed. Fire
and flash points of all samples are tested as a function of
different concentrations of additive. Linear decrease in flash
and fire points are observed in Fig. 3a. 0 ppm is considered
as control because the sample does not contain any additives.
Flash point of control sample is measured at 74 °C. The flash
point of sample of 20 ppm is 73 °C, 65 °C for 40 ppm, 64 °C
for 60 ppm and 62 °C for 80 ppm. Same trend is observed
in fire points. Fire points of various samples at 0, 20, 40, 60
and 80 ppm concentration of additives are 82, 81, 71, 70 and

Fig.2 SEM images of FeBiO; microparticles synthesized by microemulsion method a overall view and b close view of nanorods arranged in the

form of stars
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65 °C respectively. Results shows that diesel with different
concentrations of additive have lower flash and fire points as
compared to control sample. Flash point is the lowest tem-
perature at which fuel start to vaporize and ignite in atmos-
phere and fire point is the temperature when fuel started to
catch fire in the surrounding atmosphere. Vaporization is the
property of diesel but it increases after addition of nanoparti-
cles. The attraction forces between the layers are weaken by
the addition of nanoparticles that leads to decrease the igni-
tion temperature. These results are in agreement as reported
by Zhu et al. and Khan et al.

Cloud and pour points are also tested at different con-
centrations of additive in diesel and results are given
in Fig. 3b. Here non-linear trend is observed in case of
cloud point but not in case of pour points. Cloud point is
decreased from 4 to 3 °C with increase in concentration

Concentration (ppm)

of additives from control to 20 ppm. But cloud point is
increased from 4 and 6 °C with further increase in addi-
tive from 20 to 80 ppm. The decreasing trend is observed
for pour point from 2 to 1 °C for additive dosage from 0
to 20 ppm. The increase in concentration of additive leads
to decrease in pour point. The pour point is — 1 °C for
sample 60 and 80 ppm both which shows that pour point
values are not significantly affected by increasing additive
concentration. The results show that diesel crystallization
is affected by addition of BiFeO; microparticles that sup-
pressed the clouding at 20 ppm. The microparticles pro-
vides surface for the adsorption of fuel and fast clouding
shows that crystallization of fuel is increased as the con-
centration of additive is increased. The decreasing trend in
pour point is shown to prevent the engine from heating and
cause difficulty for diesel to freeze in pipes because during
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crystallization microparticles are present and reduce the
chance of water that participate in freezing.

The effect of concentration of additive on kinematic
viscosity is given as Fig. 3c. Kinematic viscosity for con-
trol diesel sample (0 ppm) is 0.033 x 10 m? s~!. Increas-
ing trend is observed with increase of concentration of
additives. Kinematic viscosity of sample 20, 40, 60 and
80 ppm are 0.037x 107*, 0.038 x 107, 0.039x 10~* and
0.042x 10~ m? s~! respectively. The result shown that
increasing trend in viscosity is decreased the consump-
tion of diesel and make less wear because as the viscosity
increase sliding of layers become faster and overlapped on
other that cause resistance. Viscous diesel is less combusti-
ble and smoke emission is high. But less kinematic viscosity
is decreased the turbulent flow of diesel. So the amount of
additives should be according to comparison of these facts.
Previous work reported by Sajith et al. supported this work
[64]. It has been reported that density and kinematic viscos-
ity of nanoemulsion fuels is increased marginally probably
due to the presence of water.

Plot of specific gravity of control and modified diesel is
given as Fig. 3d. The specific gravity of control is lower than
that of modified diesel. It is observed that specific gravity of
diesel is increased with increase of additive concentration.
The specific gravity values are increased from 0.820 and
0.845 kg/m® for additive dosage from 0 to 20 ppm. With
the increase of additive dosage as 40, 60 and 80 ppm spe-
cific gravity is also increased as 0.845, 0.846 and 0.854 kg/
m? respectively. Microparticles are of small size with high
surface area to volume ratio and diffused between layers
of diesel. The empty spaces between layers are filled with
nanoparticles and attraction forces become strong and com-
pactness is increased. So density and specific gravity are
increased with increase of additive dosage. Khalid et al. have
reported the same result [59]. Density is the actual weight
of fuel at room temperature and with increase of micropar-
ticles it became denser, consequently higher will be specific
gravity.

The effect of concentration of additives on surface ten-
sion is given in Fig. 3e. It was observed that surface tension
of pure diesel is 15.75 N/m. Decreasing trend is observed
in the value of surface tension of diesel. Surface tension of
diesel decrease from 15.75 to 13.97 N/m with change in
additive concentration from 20 to 80 ppm. As the nanopar-
ticles enter into diesel increased particle concentration inside
droplet rather than surface and decreased attraction forces
at surface. Surface tension of diesel play an important role
in the combustion of fuel. Because it effect the initial con-
centration of fuel combustion such as fuel atomization and
spray characteristics. The values of surface tension tends to
decrease due to the high solubility of nanoparticles in diesel.

Calorific values is best indicator to check the efficiency
of nanoparticles as additives. Increasing trend of calorific
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values are given in Fig. 3f. The calorific values are 965,
13,265, 25,410, 38,525 and 52,456 J/g at different concen-
tration of additives as 0, 20, 40, 60 and 80 ppm respec-
tively. It is observed that with the increase of concentration
of additives calorific values are also linearly increased. It
is due to high surface area of nanoparticles for the absorp-
tion of fuel. These nanoparticles are act as catalyst for
combustion of fuel because calorific value indicate the
combustion characteristics of fuel. As the nanoparticles
enter in fuel due to high surface to volume ratio adsorbed
large number of diesel on surface of BiFeO; microparti-
cles. The literature supported this work [59]. Increase in
energy with increase of dosage of additives explore the
efficiency of bismuth ferrite bimetallic nanoparticles.

3.4 Application of BiFeO; Microparticles as Catalyst
for Degradation of Organic Dyes

Catalytic degradation of organic dyes i.e., MR, MB, RBS5,
CV, CR, FG, EBT, SN and MX is studied and results are
shown in Fig. 4a—e. Figure 4a is a plot of In(A/A,) ver-
sus time for catalytic degradation of MB, MR, CR, CV
and RBS5. The catalytic degradation of EBT, FG, SN and
MX are shown in Fig. 4c. Initially the degradation of dyes
was not started that indicated by no change in In(A/A,)
with passage of time. This period is known as induction
period. Diffusion and adsorption of reactants on the sur-
face of microparticles are happened in this duration. The
decrease in In(A/A,) with time indicates the progress in
degradation. Linear region of plot of In(A/A,) and time
in Fig. 4b, d is used for determination of apparent rate
constant (k,,,). Synergistic effect of Fe and Bi is expressed
by the breaking of azo bond in organic dyes by addition of
electrons. Transfer of electron hole occurred at catalyst’s
surface. Conduction band of catalyst contain electrons and
H,0, which reacts and produce OH™ and OH. Oxidization
of OH™ is happened by catalyst surface and transferred
electron to conduction band of catalyst along with OH
production. Fast OH production is occurred by catalyst
and holes provided by catalyst. H,O, was also used for
the production of hydroxyl group but water solvent may
be de-activated the radicals. Both dye and H,0, absorbed
on catalyst and reacted with dye before de-activation radi-
cals. Therefore dye degradation become very fast in the
presence of catalyst. Different organic dyes shows char-
acteristic peaks in UV—-Vis range due to long conjugated
pi-system that linked by azo groups [65-68]. Breakage
of long conjugated pi-system and degradation of organic
dyes are happened by the hydrogenation of azo bond to
amino group.
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Fig.4 a Plot of In(A/A,) versus time for degradation of MB, MR,

CR, CV and RB5, and b determination of k,,,. ¢ Plot of In(A/A,)

versus time for degradation of EBT, FG, SN and MX. d Plot of In(A/

3.4.1 Comparison of Apparent Rate Constant
of Degradation of Organic Dyes

Plot of comparison of k,,, and substrate using BiFeO;

A,) versus time for determination of k,,,. e Pictures of dyes before
and after degradation

bimetallic microparticles as catalyst at 25 °C tempera-
ture is shown in Fig. 5. Increasing order of k,,, of organic
dyes are CV>RB5> MR >MB >EBT >MX >CR >FG
>SN as shown in Fig. 5. The values of k,,, are 0.0371,
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0.040
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kapp(mm )
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Fig.5 Comparison of k,,, values of degradation of different sub-
strates using BiFeO; bimetallic microparticles catalyst

0.0186, 0.0159, 0.0147, 0.0142, 0.0135, 0.0133, 0.0098 and
0.0088 min~! of organic dyes at 25 °C temperature are CV,
RBS5, MR, MB, EBT, MX, CR, FG and SN respectively. kapp
of CV is highest as compared to other organic dyes. BiFeO,
microparticles as catalyst having binding sites and shows
its highest ability for CV. Accessibility for CV is higher
than other organic dyes due to binding affinity inside the
microparticles. H,0, easily degrade azo bond that present at
periphery of the structure in CV. RB5 has k,,, value smaller
than that of CV because it has two degradation sites and hard
to degrade because bulky groups present near unsaturated
azo bonds. k,,, of MR is greater than that of MB because
not any bulky groups present near azo bond comparison to
MB. The degradation of EBT is slow because azo bonds are
attached between polycyclic aromatic rings. Azo bond is
stuck between two rings that cause hindrance in degradation
in MX. CR and FG also have two degradation sites because
in CR azo bond present at para position and electrons are
delocalized that produce difficulty in attacking, similarly in
FG azo groups are attached with polycyclic aromatic com-
pounds. Degradation of organic dyes also depend upon the
bulkness of aromatic rings around azo group of dyes. SN
restrict the cleavage of azo group due to resonance stability
of it’s structure. Therefore, SN shows smallest kapp value
among all substrates.

3.4.2 Comparison of Percentage Degradation of Organic
Dyes

Plot of comparison of degradation of organic dyes in the
presence of BiFeO; bimetallic microparticles as catalyst is
shown in Fig. 6. Trend of percentage degradation of organic
dyes is MR (90.28%) > MB (89.71%) > CV (89.14%) >RB5
(87.77%) > MX (83.42%)>FG (70.28%) > EBT
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Fig.6 Comparison of percentage degradation of organic dyes by
using BiFeO; bimetallic microparticles as catalyst

(64.57%) > CR (61.37%) >SN (61.14%). Degradation of
organic dyes depends upon the structure similarity, nature
of bond breakage and orientation of functional group during
the transfer of electron density. MR shows highest percent-
age degradation as compared to other organic dyes. Bulkness
of the aromatic rings around azo group reduce the breaking
of azo group by lowering its contact with catalyst and H,0O,
and percentage degradation of organic dyes is decreased.
Structures of all dyes are given in Fig. S3 to understand the
connection between structure of dye and its degradation.
SN shows lowest percentage degradation due to resonance
stability of its structure because azo bond is connected with
two benzenes. MR, MB, CV, RB5, MX and EBT, all pos-
sess exposed azo bond. Azo bond is present between two
benzene rings or associated at a terminal. So its percent-
age degradation is high. Moreover due to long resonating
systems, electrons of dye molecules do not develop strong
coordination with catalyst surfaces, so these molecules eas-
ily desorb after degradation. So percentage degradation of
these dyes is greater than that of CR and SN. CR and SN do
not easily desorb after degradation. That’s why their percent-
age degradation is low.

3.4.3 Comparison of Degradation Time of Organic Dyes

Figure 7 shows the plot between degradation time and
organic dyes. Trend of degradation time of organic dyes
is MB (118 min) > MX (114 min) > FG (102 min) > SN
(95 min) > MR (94 min) > RBS5 (83 min) > EBT
(48 min) > CR (48 min) > CV (47 min). Degradation
time of MB is higher as compared to other organic dyes.
Adsorption of MB on the active site of BiFeO; bimetallic
microparticles is low and it is responsible for the incre-
ment in degradation time. Bulkness of the aromatic rings
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Fig.7 Comparison of degradation time of various organic dyes by
using BiFeO; bimetallic microparticles as catalyst

around the azo group is also responsible for the increase
in degradation time. CV has lowest degradation time as
shown in Fig. 7 due to the presence of less bulky aro-
matic rings around the azo group. These factors play role
in increasing degradation time of MB as compared to CV.
Degradation time of EBT, CR and CV are almost simi-
lar to each other. CR and EBT possess exposed azo bond
which facilitates their degradation, so their degradation
time is low. MX and MR possess carbonyl group which
has high ability for adsorption on metal surfaces. So their
degradation time is high and similar to MB. The chemical
structures of all the dyes are given as Fig. S3.

4 Conclusions

BiFeO; microrods and microstars are synthesized by micro-
emulsion method. XRD shows that product is highly crystal-
line and has trigonal (hexagonal axes) unit cell. Application
of BiFeO; microparticles as catalyst and fuel additive are
studied. It is concluded that vaporization and kinematic vis-
cosity of fuel are increased by increasing additive dosage.
High calorific value explained that addition of micropar-
ticles as additive is helpful in gaining heat energy. There-
fore, BiFeO; microparticles increased the efficiency of fuel.
BiFeO; microparticles are also used as catalyst for degra-
dation of organic dyes. Degradation of dyes occurred very
slowly with passage of time but the process was accelerated
by addition of microparticles. MR shows highest percentage
degradation and SN shows lowest percentage degradation
due to the high stability of its structure. Degradation time of
MB is highest and CV has lowest degradation time among
all substrates studied.
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