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ABSTRACT

A facile sol-gel technique was employed to synthesise the nanoparticles of f-BioM 0209
in acidic and water medium and Eu doped B-Bi2M020y in acidic medium. The crystalline
structure of the synthesised nanoparticles was characterized by powder X-ray Diffractometry,
thereby confirming the presence of monoclinic structure of pure B-Bi2Mo0209 and Eu doped f-
BixM020O9. Raman analysis was performed to verify the phase putity and to identify the
vibrational modes of synthesised pure and doped molybdates. The surface morphology of
synthesised particles was examined using scanning electron microseopy, which shows the
formation of a honeycomb-like structure with numeérous pores in it. UV-visible spectroscopy
and XPS were involved to the study of optical properties of synthesised nanoparticles. The dye
degradation process demonstrated the photocatalytic activity, under visible light radiation in
which Methylene blue acts as a model dye. The, change in the absorbance of the dye with
synthesised B-Biz2Mo0209 and Eu doped B-BizMo0,Q¢ with different concentrations of Eu*" were
studied by UV-Visiblé spectrophotometer. The results indicate that the water-based [-
BixM020O9 shows more. dye degradation than lacidic-based B-BixM0209.The increase in
photocatalytic activitypof acidie-based B-Bi:M0,09 was achieved by the doping of Eu’" and the
efficiéney, increases with increase inwdoping percentage of Eu’". The 10% Eu:BixM0209

completely degraded the Methylene Blue dye (100%) within a period of 4hours.
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1. Introduction

Nearly ten thousand dyes and their combinations were applied to add permanent colour to
textile fibres which resist sweat, light, oxidising agents and microbial attack. To fulfil the
modern fashion industry's requirements, textile manufacturers produce a wide variety of
coloured garments by introducing numerous toxic dye chemicals. Used indestructible, complex
structured, and greatly dispersible dyes are mixed with the water syst€ms and affect terrestrial
and aquatic ecosystems [1]. These carcinogenic organic dyesputforth severe environmental
problems that risk the lives of humankind [2-4]. The biological treatment of dyes is limited
due to pollutant’s high chemical oxygen demand {COD) and is highly harmful to microbial
cells [5]. Traditional wastewater treatment methods, including reverse osmosis and chemical
oxidation, also failed to exclude these organic dyes [6,7]. This makes the researchers seek

environmentally friendly and efficient methods te,climinate these toxic effluents.

Semiconductor photocatalyst,paves the way forghe decomposition of organic compounds by
the photocatalytic methed as it has tunable bandgap and potent catalytic properties [8—10]. The
transition metal oxides have high‘resistivity, while’post-transition metal oxides have low visible
light absorption due to, their<indirect bandgap. Bi-based semiconductor photocatalysts,
incldading bismuth oxide [11], bismuth molybdate [12,13], bismuth tungstate [14], bismuth
vanadate [15,16], are immensely attractive as they have a low bandgap which can assist in
visible light energy. The€atalyzing, ion exchange, and light-emitting properties have drawn
more interest towards'the Aurivillus phase catalyst Bismuth molybdate [17—19]. The Bismuth
molybdates occur in three phases, namely o —BioM 03012, f- Bi2M 0209, and Y -BioMo0QOs [20—
22]. The a-BizM03012 and B- BizM020y phases are usually used for selective oxidation of
hydrocarbons, while Y-Bi2MoOg has been used in the photocatalytic breakdown of wastewater
with the evolution of O, under a visible light source. The defective scheelite structure is
exhibited by a-BiMo030O12 in which one of three Bi sites is unoccupied [23], whereas the [3-
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BixMo02Qg appears to be defective fluorite form with unfilled metal sites [24]. The Y-BioMo0Os
exhibits the arrangement of (Bi202)?>" sheets with perovskite layers of (MoO4)* [25]. Although
at a temperature of about 500-675°C, the  phase remains stable, at a temperature of about 500-
670°C, it forms a and Y phases [26]. Though these three phases of bismuth molybdate act as
an excellent photocatalyst under visible light, the high recombination rate of photogenerated
charge carriers [27-29] and the poor light absorption efficiency [30] limit its photocatalytic
activity. This can be overcome by the doping of ions whichfecan effectively restrain the
recombination of photo-generated electron-hole pairs, deading to »a high photocatalytic
efficiency [31]. Following this, the photocatalytic performance of BiuMoQgwas improved by
Te doping [32]. Similarly, the doping of W¢* on"BiaMeOs and Ee*" on BixMo0,0g exhibit better
photocatalytic activity [33,34]. The formation of highly uniform nanoparticles can be achieved
at low temperatures by using the sol-gel 'method, which ‘i ene of the most facile and

inexpensive synthesis techniques [35,36].

In this work, the sol-gél technique was employed to synthesise the nanoparticles of f-BioM 0209
in acidic and water medium, and BEu,doped B-Bix2Mo020y in acidic medium. The structural,
compositional and the merphologieal analysis of the synthesised nanoparticles were conducted
by XRD, RAMAN and SEM. The optical properties of f-Bi2Mo0209 and Eu doped -Bi2M0209
was studied “using UV-visible spectroscopy and XPS. The photocatalytic activity of B-
Bix2M020g in acidic.and water media, as well as Eu doped BioMo020Oy at various concentrations

of Eu**, was investigated in detail.

2. Experimental Methods

2.1 Materials



Bismuth (III) nitrate pentahydrate (Bi(NOs3)3.5H>0, Merck), Ammonium heptamolybdate
tetrahydrate ((NHs4)sM07024.4H>0, Merck), Europium nitrate hexahydrate (Eu(NO3)3.6H20),
Citric acid monohydrate (C¢HsO7.H20, Sisco), Acetic acid (CH3COOH, Nice Chemicals), and
Ethylene glycol (C:HsO2, Hi Media) were used without any further purification. The

photocatalytic activity was studied using methylene blue as a model pollutant.

2.2 Photocatalyst preparation

Synthesis of bismuth molybdate nanoparticles in two differefit media and Eu doped bismuth
molybdate nanoparticles was carried out by the sol-geldmethod. In particular, 1.75 mmole of
Bismuth (III) nitrate pentahydrate (Bi(NO3);8H>O) and 0.25 mmole™ of, Ammonium
heptamolybdate tetrahydrate ((NH4)sM07024.4H20) Were dissolved in SmL#and 45mL of
deionized water, respectively and stirredifor a while in a separate beaker. These two solutions
were then combined forming a clear solution.“Théssolution mixture was then treated with 2
mmole of citric acid monohydrate (CsHsO7.HoQ). It forms the citrate complex as citric acid
combines with metaldons in a mixed solution [37]. The citrate complexes were combined by
adding four drops of ethylene glycol'(€2Hs0-), which acts as an inducing agent to polymerize
the compléxes [38,39]. The resultant solution was stirred for 8 hours at a temperature of about
70 °C. Theycollected suspension liquid gel was subjected to preheating at 250 °C in a muffle
furnace. Then, the conducted samples were annealed at 550°C for an hour. The reactor was
allowed to cool at room temperature and the obtained powder was yellow in colour. The same
procedure was adoptéd to synthesise BioM0,09 in acetic acid medium and Europium doped
BixMo0,0¢ with different percentages of Europium nitrate hexahydrate. In particular, 1.66
mmole of Bismuth (III) nitrate pentahydrate (Bi (NO3)3.5H20) was dissolved in 5 mL of acetic
acid and the 5% of Europium nitrate hexahydrate (Eu(NO3)3.6H20) was added to it. It was then
mixed with 0.25 mmole of (NH4)sM07024.4H>0 which was dissolved in 45 mL of deionized
water. Then the previous procedures were adopted and as a result, the yellow-coloured Eu
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doped Bi2M 0209 nanoparticles were obtained. The synthesis was repeated for 10% Eu doped

BixMo020so.
2.3 Characterisation techniques

The phase and crystallinity of synthesised - Bi2M020O9 nanoparticles and Eu doped Bi2M0209
nanoparticles were studied by ‘X’PERT PANalytical Powder X-ray Diffraction (PXRD) with
CuKa radiation of A=1.5405A. Raman spectral study was done by Jebin ¥uvon HR 800 Raman
spectrometer with a laser source of about 532nm. The band gap'of thepphotocatalyst was studied
using diffuse reflectance with a Thermofisher UV—visibl€spectrophotometer. The morphology
of the surface of synthesised nanoparticles was examined by aZESS EVO 18 secanning electron
microscope. X-ray photoelectron spectroscopy (XPS)was performed by Thermo Scientific K-
Alpha Surface Analysis with an Allseurce to identify" the constituents of synthesised
nanoparticles. The photocatalytic behawiour™ B=» Bi2M020y ‘and Eu doped Bi:Mo0209
nanoparticles was investigated by identifying thechange in absorbance intensity of methylene

blue dye using a Shimadzu — 1380 UV/Vis-NIR spectrophotometer.
2.4 Dye degradation experimént

The reduction of methylene blue usingsa UV-visible light source was used to measure the
photocatalytiéyactivity of the - Bi2M020y in acidic and water medium and the Eu doped
Bi:M0209. 50 mg of.the catalyst was added to 50ml of methylene blue solution (10 mg/L) and
it was stirred continuously using the magnetic stirrer. A glass reactor with an inlet and outlet
jacket for water circulation was used for the dye degradation experiment. The height between
the reactor bottom and the light source was maintained constant throughout the experiments.
To attain absorption equilibrium, the dark stirring of the solution was performed for about
lhour. Then the solution is subjected to illumination of light for about 4 hours and 5 ml of

sample solution is collected at a regular interval of 1 hour. Then, the collected samples were



centrifuged at a speed of 3500rpm for 3 minutes to remove the suspended particles. A UV-
Visible spectrophotometer was used to evaluate the change in the absorbance curve of the dye,
which has a maximum absorption peak of 664nm. The degradation percentage of methylene

blue was calculated by

22 X 100% (1)
0

Degradation percentage =

where Ao is initial absorbance and At is the absorbance at a particalar time.
2.5 Photocatalytic kinetic model

The kinetics study of the methylene blue degradatien process is studied by usingithree different

models namely first order model, diffusion model and Singhdnodel [40].

The first order model is given by

dac
et @

When the known limits are substituted and integrated, the given model become

c 4
In (?) = kyt 3)
wher¢ k; is the pseudo-first-order rate constant, Co and C are the initial and final concentrations
of methylene blue, respectively and t be the time of the light illuminated.

The diffusion model'is given by

_dac _ 0.5
= kyC )

The above equation becomes as follows, when it is integrated between the specified limits.

VTG =kt ©)



where k, is the rate constant for diffusion model, Co and C are the initial and final

concentrations of methylene blue, respectively and t be the time of the light illuminated.

The Singh model is given by

dc _ ksC

Tar 1+t (6)
By substituting and integrating the known limits, the model becomes;

c
In (C—) = kyln(1 + t) (7)

where k5 is the rate constant for Singh model, Co and'C are the initial andfinal concentrations

of methylene blue, respectively and t be the time of the light illuminated.
3. RESULT AND DISCUSSION
3.1 Structural studies

Acquired XRD pattern of pure f-Bi>M 0209 nanoparticles in'an acidic medium which annealed
@250°C and 500°@, 5%Eu: BixM0209 @500°C (acidic medium), 10%Eu: BiaM0209 @500°C
(acidic medium)yBizMo,0s @500°C (wateimedium) were shown in Figure 1. The observed
patterns' were well fitted with the standard monoclinic structure of BizM0209 (JCPDS card
n0.01-084-0829) with a space group of P21/n. The lattice constants were a = 11.9720, b
=10.8130, and ¢ =11.8990. The BioMo0209 annealed at 250 °C in an acidic medium exhibits a
low intense reflectionpeak. After 500 °C annealing, a sharp peak in the (023) plane is observed.
The Bi2M0209 @500°C shows the intense peak at diffracting angles of 28.2, 31.8, 32.5, 36.2
and 46.5 in (023), (303), (040), (240) and (-343) planes, respectively. Thus, the annealing
temperature effectively modifies the growth of the plane in Bi2Mo020o. The doping of Eu** into
BixM0,09 eliminates a small amount of BioMoOQs, indicating that Eu’" promotes the effective

growth of Biz2M020o.



3.2 Raman spectral analysis

Figure 2 shows the Raman spectrum of Bi2M0209@500 °C (Acidic medium), 5%Eu: BizM 0209
@500°C (acidic medium), 10%Eu: BizM0209 @500°C (acidic medium) and BizMo0209
@500°C (water medium). The 2A 1z + Big + 3E; are the six Raman active modes, and 4Az, +
SE, are the nine IR active modes of the ideal structure [41]. The characteristic peaks at 120,
289, 305, 891, 1794, 1940 and 2503 cm ™' are observed in spectra. The translation motions of
Bismuth and Molybdenum atoms give the peak at 81cm™'. The peak at 286cm! reveals the
bending mode of MoOs of different components [42]. The peak at 82 Temi! and 925 cm™! occurs
due to the stretching mode of Mo-O. The latticenode of Bi** atoms in‘the perpendicular
direction to the layers specifies the peak at 891cm!. The lower intensity peaks at 120 cm™!, 289
cm!, 305 cm™! occur due to the bending motion of O-M-O. The structural disorder induces the
strong interaction between Eu’* and the host BizZMo>Oy and is also'responsible for the changes

in bond angle and length.
3.3 Energy gap evaluation

The band gap_of Bio-Mo0,0g and 5, 10% Eu,doped Bi:M0209 was determined using Tau’s

relationdor direct band gap materiaband it is given as follows.
(ahv)? = A(hu — Eg) (8)

where a is the absorption eoefficient, hv is photon energy and Ej; is the band gap of the material
[43,44]. Figure 3 shows the plot between (ahv)? and hv which helps to calculate the band gap
of the synthesised nanoparticles. The E; values of BixM0209 and 5, 10% Eu doped Bi2M0209
synthesised in acetic medium were estimated to be 3.02, 2.98 and 2.95 eV respectively. The
doping of Eu** to Bi2M02,09 narrows its band gap and the band gap energy decreases as the

doping percentage of Eu’* increases.



3.4 XPS analysis

The elemental composition and the oxidation state of the synthesized BioM0209 and 10% Eu
doped Bi2Mo0209 was examined using XPS. Figure 4(a) and 4(b) depicts the spectra of Bi and
Mo in pure and doped BioMo020y. The characteristic peaks obtained in the individual XPS
spectra of Bi4f, Mo3d, Eu3d and Ols ascertain the formation of bismuth molybdate. The as
synthesized BixM 0209 exhibits two definite peaks with binding energies of around 165.1ev for
Bi 4f4 and 159.83eV for Bi4f7,. The shift in the characteristi¢ peak is observed, when Eu is
doped with BixMo0209. The definite peaks of Eu doped Bi2M@209 has'binding energy of about
165.6 eV for Bi 44 and 160.30 eV for Bi4f7,,. Figlire 4(b) shows the peaks with the binding
energy of 235.8 eV and 232.7 eV which correspondstoMo3dsp and Mo3ds, respectively [45].
The two intense peaks in MO 3d spectrum of Eu incorporated BioMo>Oy attributes to Mo3ds»
and Mo3ds); of corresponding 236.4 eV and 23313,¢V with a minimal shift. The O1s spectrum
of undoped and doped Bi2Mo0209 (Figure 4(¢)) has‘one signifiecant peak due to bonding of Bi-
O and Mi-O. The Olgsfpeak with binding energy of 531.eV for Eu doped Bi2M0,0Og seems to
be shifted in comparison with BizM0,09. Figure 4(d) shows Eu 3d spectrum of 10% Eu doped
BixMo0,09 with one characteristic, peak around 1135.3 eV of Eu 3ds, [46]. The result implies

that Eu are in the Eu3+ oxidation state!
3.5 Surface Morphology

Figures 5(a-d) and 6(a & b) show SEM images of BizM0209 @500°C in an acidic medium,
respectively, while Figures 6(c & d) show BixM0209 @500°C in a water medium. The samples
exhibited an ordered honeycomb-like structure in which several microporous openings grew
perpendicularly to the surface. Every pore unit is made up of several inner-grown porous
structures. Furthermore, the formation of the interconnected open-framework structures grown

at high annealing temperatures is observed. It is deduced that the microporous are inside the
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walls of the macroporous, originating from the honeycomb holes. The water-based Bi2M0209
exhibits a spiral-like arrangement of porous inside the honeycomb-like structure. Compared to
the water medium, the acetic-based Bi2Mo020y has a small porous and the number of porous is
also less. Figure 5(e-h) shows the surface morphology of the synthesized 5%Eu:
BixM0209@500 °C, while the Figure 5(i-1) shows the morphology of 10%Eu:
Bi:M0209@500°C. The Eu doped BioMo0,0O¢ nanoparticles also exhibit an ordered honeycomb-
like structure with microporous. The numerous small dots with a uniform dispersion were
identified to be Eu** nanoparticles that reside inside the walls of honeycomb holes. Thus, the
addition of Eu** causes excess defects on its surface,thereby increasing the aumber of porous.
The porous structures contribute to greater surface area, lower/density, making them useful for
light harvesting, electron/ion transport, and mass diffusion, thereby providing a favourable

condition for photocatalytic applications [47]:
3.6 Evaluation of Photocatalytic activity of Bi2Mo2 O9

The photocatalytic dctivity of| BiMo0,0¢ in‘acidic and water medium and Eu doped
BixMo02Qg at various concentrations'was,_investigated using a dye degradation process with
methylene’blue as amodel dye. The UV-Visible spectra, which shows the change of absorption
intensity. of methylene blue solution photocatalysed by f-Bi2Mo0209 and Eu doped -Bi2M 0209
with different irradiation time is depicted in Figure 6.The characteristic absorption peak
intensity of methyleneblu¢at 664nm is gradually decreased, revealing that methylene blue was
oxidised and reduced“when a photon collided with a semiconducting catalyst. The degradation
percentage of methylene blue by B-BiaM020g synthesised in water and acidic medium and the
Eu doped at different concentrations was calculated using equation (1) [48] and it was plotted
against time, which is shown in Figure 7. The methylene blue degradation by B-BizM0209 in
acidic and water medium was 90% and 97%, respectively The photocatalytic activities of 5 and
10% Eu-doped BixMo020y in acidic medium were up to 95% and 99%, respectively. This
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reveals that the doping of Eu to B-BizM0,0O¢ enhanced the photocatalytic activity of B-
BizM0209 in acidic medium, thereby increasing its dye degradation efficiency than -
BixM0209.Compared with the acidic-based BixMo0209, the water-based BixMo0209 shows
higher photocatalytic degradation efficiency. Though the water-based BioM020¢ degrades the
dye effectively, it does not degrade the dye entirely at the end of 4 hours. The doping of rare
earth ions was done to increase the efficiency of acidic-based BioM020o. It can be seen that the
addition of Eu to acidic-based Bi2M020y increases the degradatien efficiency. The addition of
dopants to nanoparticles will decrease the recombination 6f electron-hole pairs and increase
the active area sites of nanoparticles, which significantly helps in photocatalytic performance,
resulting in enhanced dye degradation. Furtherthe degradation efficiency changes to a higher
value as the Eu concentration increases, such that 10%Eu: BioMo,Oo attained complete
degradation in 4 hours. The comparison ofphotocatalytic activity of BixM0209 with other
phases of bismuth molybdate was tabulated in table 1.

The better photocatalyti¢ resultshwere obtained by the synthesised Bi2M020O9 and Eu doped
Bi2M0,09. The phetoexcitation process occurs whensthe BioM 0209 photocatalyst is exposed to
light with an.energy greater than or cqual to fHe energy of its band gap. This generates the
electron hole pairs (¢ and*h*) by ‘moving electrons from the valence band to the conduction
band. The'induced photoelectrons have greater reducing power and so when they are captured
by electron acceptors such as Oo, it results in the formation of superoxide radical anion (O2).
The photoinduced electrons are said to have a stronger reducing capacity if they have their CB
in more negative energy level while the photoinduced holes have greater oxidation power when
their VB is at more positive energy level. The induced holes are easily captured by the
electronic donors, resulting in an oxidation process. Thus, the reactive species ‘0O,  and 'OH
helps in the degradation of MB molecules [49]. The doping of rare earth metals (Eu®") into

Bi:Mo0,09 results in the formation of a localised energy level in the band structure, which may
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be used to explain the favourable impact of the Eu** dopant [50]. The changes in the band
structure will affect the charge transition between the HOMO (valence band) and LUMO
(conduction band) of BixM0209 and also the 4f and 5d electrons of Eu’" influence the bandgap.
Also, the dopant in the matrix may function as an electron-hole trap that will affect the

recombination rate of induced electrons and holes. The reaction mechanism is as follows:

Bi,M0,04 + hv - Bi,M0,0, (¢~ + h") (8)
H,0 + Bi,M0,04 (h*) - Bi,M0,0, + OH + H* )
Eudt + 0, » Eu*t + 0, (10)
Bi,M0,04 (™) + Eu** - Bi,M0,04 + Eu3* (11)
'0,” + H* > "'HO, (12)
"HO, + "HO, - H,0, + 0, (13)
H,0, + 0, - OH + OH™ + 0, (14)
MB + OH/'0, /H,0, —» degraded products (15)

Figure 8 depicts thekinetics study of the methylene blue degradation process using three
different models, namely first order;, diffusion and the Singh model. Table 2 shows the rate
constant and the R value for the synthesised photocatalysts for the above mentioned models.
Froni'the first order model, the rate constant value for BixM0209 in water medium was found
to be 1.488 houts!, which is greater than that of other synthesised photocatalysts. The diffusion
and Singh models also,reveal that the BixM 0209 in the water medium degrades methylene blue
at a faster rate with k values of -0.311 and -2.987, respectively. The coefficient of determination
R? gives the measure of how well a model fits the data. The R? value for BixM0209 in the water
medium for first order was found to be 0.9876. This indicates that the first order model was
well fitted with the data and the negative rate constant of diffusion and the Singh model shows
that they were unable to explain the degradation process. Thus the degradation of methylene

blue by the synthesised phototcatalysts follows the first order kinetic model.
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4. CONCLUSION

The B-BizM0209 in acidic and water medium and Eu doped B- Bi2Mo0209 with different
concentrations of Eu** were successfully synthesised by the sol-gel method. The monoclinic
structure of the synthesised nanoparticles was confirmed by the powder XRD technique.
Raman spectroscopy was used to confirm phase purity and detected the vibrational modes of
B- BizM020¢ and Eu doped BixM0209y. SEM images revealed a honey€emb-like structure of -
Bix2M0209 and Eu doped BixMo0209 with numerous microporousiin it. The band gap of the
synthesised nanoparticles was calculated and their optical properties were studied using UV-
visible spectroscopy and XPS. The degradation of‘methylene blue, which'was performed to
assess the photocatalytic activity of the catalyst, showsythat the'water-based BizMo0209 shows
more efficiency than the acidic-based BixMo0,09. The hdoping of Eu’" increased the
photocatalytic activity of acidic-based’ BiaM020y, and the“efficiency increased as the
percentage of Eu’" increased. The 10% doping ofBu**on'BiaM 0,09 synthesised in an acetic

acid medium resulted ifi the complete degradation of the dye within 4 hours.
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Figure 1: Comparitive XRD pattern of BizM0209 @250°C (acidic medium), BizM 0209
@500°C (acidic medium), 5%Eu: Bi2M0209 @500°C (acidic medium), 10%Eu:
BizMo0209 @500°C (acidic medium), Bi2M0209 @500°C (water medium).
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Figure 2: ComparativeqRaman spectra of BizMo0209 @500°C (acidic medium), 5%Eu:
BizMo0:209 @S500°C (acidic medium), 10% Eu: Bi2M020¢ @500°C (acidic medium),

Bi:M0209 @500°C (water medium).
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Figure 8: Degradation percentage of Methylene blue on"Bi2M0209 @500°C in
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@500°C.in acidic' medium, BizM0209 @500°C in water medium.
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Table 1: Comparison of photocatalytic activity of -BizMo0209 with other phases of

bismuth molybdate.

Photocatalyst Synthesis Targeted Result Ref
route pollutant
a-BixMo03;0;, | Hydrothermal | Rhodamine B The y-Bi:MoOs shows excellent [51]
B-Bi2M0,09 method photocatalytic activity among the three
y-Bi:MoOg phases with efficiency of 65.7% in 150
min.
Bi:MoOs PEG assist Rhodamine B The photocatalytic dctivity was about [52]
nanoplates Hydrothermal 95.02% within 100 min of time.
method
N doped Hydrothermal | 2-Chlorophenol | About 80%of the 2-chlorophenol is | [53]
Bi:MoO¢/GO | method degraded by N-doped Bi2MoO6/GO
Wwithin 65 min
La doped Sol-gel Methylene blue The Degradation of MB with BibMoOs | [54]
Bi:MoOgs method and [a deped BixMoOs were found to
be 68% and\75% respectively.
Dy-doped Glycothermal | Rhodamine B About 97.22% of.the RhB is [55]
Bi:MoOg method deégraded within 80 min
Bi;Mo03012 Sonochemi€al | Rhodamine B Achieved complete degradation after [56]
method 120 min due to small crystallite size
and unique morphology.
Bi:Mo03O12 Coembustion Rhodamine B; “Complete degradation of RhB, MB, MO | [57]
method Methylene blue, | and cango red within 60 min, 120 min,
Methyl orange, 70min and 60 min respectively.
Cango red
Fe3+ doped Hydrothermal, | Rhodamine B 1.5% Fe3+ doped BixMo0,0y exhibits [33]
Bi:M0,0y method higher photocatalytic activity which is
6.7 times higher than pure Bi,Mo0,0o.
BixM0,09 Hydrothermal | Methylene About 75% of MB is degraded by [58]
Bi,W>09 method blue Bi>Mo0,0, within 4 hours.
Eu doped Sol-gel Methylene blue The water-based B-BinMo020g shows This
B-BixM020y | method more dye degradation than acetic-based | work

B-Bi:M0,0q. The 10% Eu: BizM0,09
completely degraded (100%) the MB
dye within 4 hours.
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Table 2: Kinetic parameters for photocatalytic degradation of methylene blue on

Bi2M 0209 (acidic medium), S%Eu: Bi2M0209 (acidic medium), 10%Eu: BizMo0209 (acidic

medium), Bi2M 0209 (water medium)

Kinetic model Parameter | BioMo020Og | 5%Eu:BixMo, | 10%Eu:BixMoz | BizMo0,O
(Acidic Oy O9 o (Water
Medium) | (Acidic idi Medium)
Medium)
First order Rate 0.6914 0.9641 1.4886
model constant
R? (COD) | 0.9706 0.9903 0.9886
Diffusion model | Rate -0.185 -0.246 -0.311
constant
R? (COD) | 0.9946 9165
Singh model Rate -1.3200 -2.987
constant
R? (COD) | 0.91204 0.97562 0.94385
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