J. Water Environ. Nanotechnol., 8(3): 285-292 Summer 2023

ORIGINAL RESEARCH PAPER

Effect of Copper doped and Magnesium co-doped BiFeOs for
photocatalytic activity

Rajitha Beerelli, Padma Suvarna*

Department of Physics, Jawaharlal Nehru Technological University Ananthapuramu, Andhra Pradesh, India

Received: 2023-05-31 Accepted: 2023-07-01 Published: 2023-08-10

ABSTRACT

In this current research work, the synthesis of Copper (Cu) doped and Magnesium (Mg) co-doped of
BeFiO, (BFO), i.e BiFe, Cu O, (where; X= 0.1, 0.15 and 0.2 wt.%) and Bil_yngFel_xCuxO3(where; Y=0.05,
0.1 and 0.15 wt.%) were prepared by sol-gel method. The obtained samples were analyzed by various
characterization techniques including X-ray diffraction (XRD), surface morphology examined by field
emission scanning electron microscopy (FE-SEM), and transition electron microscopy (TEM). It was noted
that Cu (0.15 wt.%) doped BFO had notable photocatalytic activity for Rhodamine (RhB) dye degradation
when exposed to visible light irradiation. In addition to Cu (0.15 wt.%) by adding Mg (0.1 wt.% ) as a co-
doping, exhibited higher photodegradation than the pure BFO, Cu-doped BFO (0.1and 0.2 wt.%) and Mg
co-doped BFO (0.05 and 0.15 wt.%). Here we reported a new driven photocatalyst by doping of Cu and
co-doping of Mg into BFO simultaneously. These played a key role in hampering the recombination of
electron-hole pairs hence the chance to increase dye degradation performance. These findings could be

useful for developing affordable photocatalysts for wastewater purification.
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INTRODUCTION

The  potential risks  associated  with
contaminating potable water streams have increased
due to population and industrialization. Due to
the water pollution issues, researchers have taken
the initiative to find solutions for that problem.
Every industry that uses color, including those
in textiles, printing, dyeing, and paper, releases
different types of organic dyes such as methyl
orange (MO), methyl blue (MB), and rhodamine B
(RhB) and drugs such as tetracycline hydrochloride
(TC-HCI) into the freshwater streams, producing
wastewaters as a result [1-5]. With the increasing
demand for potable water, these organic coloring
materials need to be processed and it is essential
to find effective techniques for treating wastewater.
RhB dye can affect the respiratory tract, skin, and
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gastrointestinal tract irritations and eye infections,
significant toxicity to both human and animal
development [4,6-7].

Colored waters can be treated using a variety
of physical, chemical, and biological techniques.
Numerous studies conducted recently on BFO
and proved that it can successfully remove organic
pollutants. Since light is the only external energy
source required for photocatalysts to function,
they are especially crucial for environmental
applications like air filtration and water purification
[8-14]. The BFO as a photocatalyst has attained
great recognition due to its small band gap (2.2 to
2.7 V), nontoxicity, chemical stability, low cost,
and good response to visible-light irradiation [15-
19]. Although the quick recombination of electrons
and holes in pure BFO is a major problem, causing
a decrease in photocatalytic activity. To solve this
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problem, numerous researchers have concentrated
on enhancing this photocatalytic activity by doping
various transition and rare-earth metals like Cu, Al,
Mg and Gd, Ce, Sr, etc. ions [19-22]. Doping with
these metal ions to photocatalyst surfaces has been
used to increase the lifetime of charge carriers and
act as electron traps to prevent the recombination
of photoinduced charge carriers. Various methods
including the co-precipitation, hydrothermal
process, and auto-combustion method have been
used to synthesize this ferrite. However, some works
have been done on this ferrite such as Samran, B.
et.al. The proper Cu concentration in Cu-BiFeO,
was found to be 1.0 mol%, which showed the
highest photocatalytic activity for degrading MO
aqueous solution under visible light irradiation
[2]. Mukesh K. Mishra et.al. The optical properties
conveyed that Mg-doped BFO had a comparatively
narrow optical energy band gap as compared to
that of pure BFO [23]. Our studies show that so far
both Cu and Mg-doped BFO by the sol-gel method
has been not fabricated.

In this study, pure BFO, Cu-doped, and
Mg co-doped BFO were synthesized by sol-gel
method with different copper (0.1, 0.15 & 0.2
wt.%) and Magnesium (0.05, 0.1 & 0.15 wt.%).
The photocatalytic activities of all samples were
examined by the photodegradation of Rhodamine
B dye solution under visible light irradiation [24].

EXPERIMENTAL

The samples with the composition of pure
BiFeO,, BiFe, Cu O, and BilryngFeHCuxO3 were
synthesized by the sol-gel method.

Preparation of Pure BiFeO,

First, 50 mL of distilled water was used
to dissolve 1.91 g of Iron (III) nitrate nano
hydrate Fe(NO,),.9H,0 (Analytical-grade) with
simultaneous stirring. The pH of the solution was
brought to 1 before the addition of bismuth (III)
nitrate pentahydrate by adding 10 mL of nitric acid
(HNO,, 65%). Following the addition of 2.42 g of
bismuth (III) nitrate pentahydrate Bi(NO,),.5H,0
(Analytical-grade) to the solution, the mixture
was continually stirred until a clear solution had
formed. As a chelating agent, 25 mL of tartaric acid
(M =1) was added drop by drop to the solution. The
production of the gel took place after heating the
light yellowish transparent solution at 90°C for an
hour while stirring continuously then, to facilitate
solvent evaporation and powder formation, the

286

temperature was raised to 180°C (or more). The
dried powder was calcinated at a temperature
of 600°C for three hours, fine brown color was
produced and it is labeled as BFO.

Preparation of Cu-Doped BiFeO,

In a similar method to prepare BiFe, Cu O, the
stoichiometric amount of copper nitrate trihydrate
Cu(NO,),.3H,0, with different wt.% (X=0.1, 0.15,
and 0.2) added to iron (III) nitrate nano hydrate
Fe(NO,),.9H,0O, after that the resultant solutions
were added to bismuth (III) nitrate pentahydrate
Bi(NO,),.5H,0 with continuous stirring till the
formation of powder. These prepared samples are
labeled as BFC-0.1, BFC-0.15, and BFC-0.2.

Preparation of Mg co-doped BiFeO,

Bi, MgFe CuO, synthesized for the
condition BFC-0.15 i.e. to prepare this, magnesium
nitrate hexahydrate Mg(NO,),.6H,O with different
wt.% (y=0.05, 0.1 & 0.15) added to iron (III)
nitrate nano hydrate Fe(NO,),.9H,0 and copper
nitrate trihydrate Cu(NO,),.3H,O for the wt.%(X=
0.15) added to bismuth (III) nitrate pentahydrate
Bi(NO,),.5H,0. Then these two solutions were
mixed and stirred continuously until the product
was developed. These are labeled as BFMC-0.05,
BFMC-0.1, and BFMC-0.15.

CHARACTERIZATION

The synthesized samples were characterized
by X-ray diffraction (XRD; Model: Bruker D8
advance), surface morphology examined by field
emission scanning electron microscopy (FE-
SEM; Model: JEOL 7600) and transition electron
microscopy (TEM; Model: JEOLJEM-200X).

RESULTS AND DISCUSSION:
Structural analysis

The XRD patterns of pure BFO, BFC-0.1, BFC-
0.15, BFC-0.2, BFMC-0.05, BFMC-0.1 and BEMC-
0.15 are shown in Fig. 1.The pure BFO, the peaks
were indexed as 20 = 22.4°, 31.8°, 32.0°, 39.5°, 45.7°,
51.7°, 56.4°, 67.1°, 71.8°, 76.0°. The corresponding
plans are (012), (104), (110), (202), (024), (122),
(214), (220), (036), and (134) shown in Fig. 1(a)
respectively. The sample can be indexed in a single
BFO phase for an angle from 26 = 20° to 80°, which
is well matched with JCPDS card No. 86-1518
[25] and is hexagonal with the R3c space group.
However, a small trace of impurity phase belonging
to Bi,Fe, appears for all the doped samples, the
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Fig. 1. XRD patterns of (a). Pure BFO and Cu-doped BFO with wt.% 0.1, 0.15, and 0.2 (BFC-0.1, BFC-0.15, and BFC-0.2) BFO (b).
The enlarged XRD patterns at 260 = 30° to 33°, (C). Cu-0.1 wt.% doped BFO (BFC-0.15) and Mg co-doped with wt.% 0.05, 0.1, and 0.15
(BFMC-0.05, BEMC-0.1, and BEMC-0.15).
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Fig. 2. Filed emission scanning electron microscopy images: (a) pure BFO, (b-d) Cu-doped BFO with wt.% 0.1, 0.15, and 0.2 (BFC-0.1,
BFC-0.15, and BFC-0.2), (e-g) Mg co-doped with wt.% 0.05, 0.1, and 0.15 (BFMC-0.05, BEMC-0.1, and BEMC-0.15).

phase shows up 20 = 29.7°. For the doped samples
BDC-0.1, BFC-0.15, and BFC-0.2, when Cu doped
with different wt.% in BFO, we enlarge the XRD
peaks at 20 = 32.2° of the sample, the results show
that the position of the rhombohedral (110) plane,
slightly shift towards a higher angle direction,
as shown in Fig. 1(b). Further, by considering
the BFC-0.15 constant, the Mg Co-doped with
different wt.% such as BEMC-0.05, BFMC-0.1, and
BFMC-0.15 in Bi; Mg Fe . Cuy . O, exhibits
similar XRD patterns to the pure BFO, without any
extra peaks, due to the ion radius of Mg**(0.71A°)
being significantly less than that of Bi**(1.30A°)
[26] as shown in Fig. 1(c). After Mg Co-doped,
which is indicating a successful transformation of
the rhombohedral crystal structure to a distorted
one as well as the increased Co-doped content, the
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structure transformed from the rhombohedral to
the tetragonal structure.

Surface analysis

The surface morphology of pure BFO, Cu-
doped, and Mg co-doped BFO samples were
analyzed using the field emission scanning
electron microscopy (FE-SEM) technique, as
displayed in Fig. 2. The FE-SEM image of pure
BFO is an irregular structure as shown in Fig.
2 (a). The Cu-doped with different wt.% added
into BFO it is observed that a cubic structure
is formed. The resultant FE-SEM images were
displayed in Fig.. 2(b-d). The morphological and
dimensional changes in Cu-doped BFO samples
strongly depend on the Cu wt.%. However, after
the addition of Mg co-doped with various wt.%
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Fig. 3. Transmission Electron Microscopy Images: (a). Pure BFO, (b-d). Cu-doped BFO with wt.% 0.1, 0.15, and 0.2 (BFC-0.1, BFC-
0.15 and BFC-0.2), (e-g). Mg co-doped with wt.% 0.05, 0.1, and 0.15 (BFMC-0.05, BEMC-0.1, and BEMC-0.15).

in Cu (BFC-0.15), several pores which cause
agglomeration and inhomogeneity are formed as
shown in Fig. 2. (e-g).

Transmission Electron Microscopy (TEM)
images of pure BFO, Cu-doped, and Mg co-doped
BFO samples are illustrated in Fig. 3. TEM image
Fig. 3(a) reveals that the pure BFO particles exhibit
irregular morphology and are agglomerated with
each other, this is due to the result of the high
temperature the sample was exposed. Fig. 3(b-d)
shows that the Cu-doped (BFC-0.1, BFC-0.15, and
BFC-0.2) BFO surface morphology, and Fig. 3(e-
g) shows in Mg Co-doped (BFMC-0.05, BEMC-
0.1, BFMC-0.15), it was observed the particle size
was reduced in case Cu-doped and Mg Co-doped
BFO compared to pure.
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Photocatalytic activity :
Visible light Irradiation :

Degradation of RhB dye was used to evaluate
the photocatalytic activity by the irradiation of
visible light of synthesized samples of pure BFO,
BFC-0.1, BFC-0.15, and BFC-0.2 and BFMC-0.05,
BFMC-0.1, and BEMC-0.15 are present in Fig. 4.
In all the below cases first, the prepared solution
was placed in a dark condition (Absence of light)
and stirred for 60 min to reach the equilibrium
between the dye solution and the catalyst. 50 mg of
pure BFO was added to 100 mL of dye solution and
kept under visible light with continuous stirring
and the complete degradation was observed after
150 min which showed in Fig. 4 (a). Further, the
same procedure was carried out using Cu-doped
BFC-0.1, BFC-0.15, and BFC-0.2, and degradation
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Fig. 4. Photocatalytic degradation of RhB dye: (a) Pure BFO; (b-d) Cu-doped BFO with wt.% 0.1, 0.15, and 0.2 (BFC-0.1, BFC-0.15 and
BFC-0.2) (e-g) Mg co-doped with wt.% 0.05, 0.1, and 0.15 (BFMC-0.05, BEMC-0.1 and BFMC-0.15).
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was observed at different times as shown in Fig. 4.
(b-d). As per the results, the Cu-doped BFC-0.15
sample has given the best removal of RhB dye with
less time (100 min) as compared to other samples
(BFC-0.1, BFC-0.2). The results strongly suggest
choosing Cu-doped BFC-0.15 as an excellent
condition for co-doping of Mg as BFMC-0.05,
BFMC-0.1, and BFMC-0.15. The Mg co-doped
materials showed higher degradation compared
to Cu-doped materials as displayed in Fig. 4. (e-g).
Finally, degradation was observed in a very short
time i.e., only 90 min when Mg with BFMC-0.1 was
used as the degradation agent.

Fig. 4 shows the findings from a study on
the impact of changing the number of catalysts
(Cu-doped and Mg-co doped) on the rate of dye
degradation. Up to a specific amount of catalyst,
such as for BFC-0.15 and BFMC-0.1, it has been
shown that the rate of degradation increases as the
amount of catalyst increases [27-30]. The reaction
rate becomes almost constant in both scenarios
after this point. This phenomenon could be
explained by the fact that as catalyst concentration
increases, the amount of the catalyst’s exposed
surface area will also rise. Since the catalyst was
entirely covering the bottom of the reaction vessel,
the rate of reaction increased as a result. However,
if the amount of catalyst is increased over a certain
point, just the thickness of the layer (and not the
exposed surface area) would grow.

CONCLUSION

In summary, we successfully prepared pure
BFO, Cu-doped, and Mg co-doped BFO materials
by sol-gel method and characterized by different
techniques. X-ray diffraction data shows that all
the main peaks were present in all samples. Cu-
doped and Mg co-doped in BFO, the structure
is transformed from the rhombohedral to the
tetragonal structure. The FE-SEM images exhibit
the formation of irregular structures observed
in pure BFO, the Cu-doped, and Mg co-doped
with different wt.% added into BFO it is shown
that cubic structure and agglomeration and
inhomogeneity are formed. TEM images reveal
that irregular morphology was observed in all pure
BFO, Cu-doped, and Mg co-doped BFO materials.
The Cu doped in BFO was found to be BFC-0.15
was showed the highest photocatalyst activity
for degradation of RhB dye aqueous solution
under visible light irradiation. The enhanced
photocatalytic performance of the Mg co-doped
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BFMC-0.1 as compared to pure BFO and other Cu-
doped BFC-0.1 and BFC-0.2 samples.
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