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Anh hwéng cua ty 1&é mol giira ion kim loai/axit citric
va nhiét dé nung dén cau triac va hoat tinh quang xuc tac
cua YFeO,
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TOM TAT

Vit ligu FeYO, tong hop thanh cong bang phuong phap sol-gel dd duoc khao sat didc trung bang phuong
phap nhiéu xa tia X, kinh hién vi dién tir quét, phuong phap phd hong ngoai, phuong phap phd phan xa khuéch tan
tir ngoai kha kién. Anh huong cuia diéu kién tong hop vt liéu nhu ty 18 mol gitta kim loai/axit citric, nhiét d6 nung
dén cAu truc va hoat tinh quang xtic tac ctia F eYO, da dugc khdo sat mot cach c6 hé thdng. Két qua thuc nghiém
cho thay, tat ca cac vat liéu YFeO, thu dugc c6 hoat tinh quang xtic tac trong vung anh sang kha kién thong qua su
phan hity xanh metylen trong dung dich nuée. Cuy thé, vat liéu YF €O, dugc thiéu két & 900 °C g véi ty 1é mol 1:2
ctia kim loai va axit citric cho hiéu suit quang xuc tac tot nhat so véi cc vat lidu YFeO, duge tong hop trong cling
diéu kién nhung duoc nung & nhiét do khéc.

Twr khéa: YFeO,, phuong phdp sol-gel, quang xiic tdc, dnh sang nhin thay va xanh methylen.
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ABSTRACT

YFeO, materials, which were successfully synthesized by the sol-gel method, were characterized by X-ray
diffraction (XRD), Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FT-IR), and
Ultraviolet-Visible Diffuse Reflectance Spectroscopy (UV-Vis DRS). The influence of the synthesizing conditions
such as the molar ratio of metal ions to citric acid, and the annealing temperature on the structure and photocatalytic
properties of YFeO, samples has been systematically investigated. The experimental results show that all obtained
YFeO, samples exhibit photocatalytic activities under the visible light region through the photodegradation of
methylene blue (MB) in an aqueous solution. Specifically, the YFeO, sample, which was synthesized with the
molar ratio of 1: 2 metal ions/citric acid and annealed at 900 °C, shows the highest photocatalytic degradation
efficiency compared to YFeO, samples synthesized under the same conditions but annealed at other temperatures.

Keywords: YFeO, photocatalysts, sol-gel method, photocatalysis, visible-light irradiation, and methylene blue

degradation.

1. INTRODUCTION

Environmental concerns, especially water
pollution, have been a leading challenge for
humanity over the years due to the population
and economic growth. Many different methods
of treating contaminated water have been
reported.! However, these methods have proved
ineffective because they do not completely
remove pollutants or are time-consuming and
costly in operation. Therefore, the search for
new and more effective water treatment methods
is essential.

Recently, amethod that has been researched
and applied by scientists in the treatment of
polluted water is the use of photocatalytic materials

“Corresponding author.
Email: nguyenvanthang @ gnu.edu.vn

in order to decompose toxic organic compounds
in water.> Among various photocatalysts, TiO,-
based catalysts have been extensively studied
owing to its high physical and chemical stability,
low production cost and high photocatalytic
activity under irradiation of UV light.*7 Due
to the wide band gap (Eg) (= 3.2 eV), however,
TiO, is limited in its application under visible
light.* Hence, it is less effective when used
as photocatalysts in the visible light region.
Visible light is a source of 43% of the sun's
energy spectrum, a source of clean energy and is
considered endless. Thus, it is highly desirable to
look for photocatalysts with a narrow band gap
so that they have high photocatalytic activity
under the visible light irradiation.
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In the search for new materials over the
years, iron-based (III) semiconductors such as
Fe,O,, FeBiO, and especially YFeO, become
more and more attractive since they have a
narrow band gap and thus effectively operating
under the irradiation of visible light.%° However,
YFeO, is thermodynamically unstable and can
be converted to a more stable form Fe O, or
Y,Fe, O, at high temperatures, so it is difficult
to synthesize pure YFeO,." On the other hand,
most current methods for synthesizing YFeO,
require high-temperature annealing, resulting
in a high-energy consumption and the creation
of large particle size materials. Therefore, it is
highly desirable to optimize the synthesizing

conditions for YFeO,.

This work focuses on the fabrication of
YFeO, photocatalysts by the sol-gel method.
The influence of both the molar ratio of metal
ions to citric acid and the annealing temperature
on the crystal structure, surface morphology,
and methylene blue (MB) photodegradation
efficiency of obtained YFeO, materials was
systematically investigated.

2. EXPERIMENT
2.1. Chemicals

The chemicals used in our experiments were
yttrium oxide (Y,0,, 99.99% purity), citric

273

acid (C,H,O,, 98% purity), iron(Ill) nitrate

nonahydrate (Fe(NO,),.9H,0, 98%), methylene
blue (C, H (N,SCI) and nitric acid (HNO,, 65%).

2.2. Synthesis of YFeO, by the sol-gel method

In order to prepare YFeO, samples by the sol-
gel method, 3.513 g of Y,0, and 12.560g
of Fe(NO,),.9H,0 were dissolved in 100
mL of HNO, 1 M in a 250 mL glass beaker
by magnetically stirring constantly at room
temperature. When the mixture became
transparent, different amounts of citric acid was
added and continuously stirred for 24 hours.
After that, the temperature was increased to 80°C
and constantly stirred for 2 hours to create the
sol. In order to obtain the gel, the temperature
was raised to 100 °C to remove water molecules

from the sol. When the water evaporates, the sol
changes into a highly viscous gel. The obtained
gel was dried in an oven at 200 °C for a period
of 2 hours. At this temperature, the gel burns
and releases NO, gas from the gel layer, causing
a significant increase in the gel volume. As a
result, a yellow-brown powder called a dry gel
was obtained. The powder was then annealed at
various temperatures between 700 to 1000 °C for
5 hours in the air to obtain the final products. The
resultant samples were denoted as YFeO,.850.
(I'm) (n=1, 2, 3 and 4) and YFeO,.T(1:2) (T =
700, 800, 900 and 1000) for samples annealed at
850 °C with different molar ratios of metal ions
to citric acid and samples annealed at different
temperatures, respectively.

2.3. Material characterizations

XRD patterns of obtained samples were collected
at room temperature by means of a D8 Advance
Brucker diffractometer operated at 40 kV and
100 mA with Cu-Ka radiation (A, = 1,5406 A)
in a 20 range between 20° and 80° at the step of
0.03°. FT-IR spectra of obtained samples were
recorded by means of an IRAffinity-1S in the
spectra range of 4000 to 400 cm'. The optical
properties of obtained YFeO, photocatalysts
were investigated by UV-Vis DRS using a
UV-Vis spectrometer Jasco-V670. The particle
size and surface morphology of the samples
were investigated by SEM carried out on Nano
SEM-450.

2.4. Photocatalytic activities of YFeO,

Photocatalytic activities of the obtained
YFeO, samples were evaluated through the
photodegradation of MB in an aqueous solution
under the visible light irradiation. Typically,
0.1 g of the photocatalyst was added to 80 mL
of MB solution (concentration of 10 mg/L) in
a 250 mL glass beaker. After that, the mixture
was continuously stirred in the dark for 2 hours
in order to allow the adsorption and desorption
processes of MB molecules on the surface
of the photocatalyst to reach the equilibrium
before investigating its photocatalytic activities
under the irradiation of a tungsten filament
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lamp 60 W — 220 V in a period of 6 hours. At
certain irradiation intervals, 7 mL of the mixed
suspension was taken out and centrifuged to
remove the photocatalyst from the mixture (6000
rpm, 20-minute centrifugation time). The residual
MB concentration as a function of the irradiation
time was analyzed by collecting variation of the
absorbance at 663 nm using UV-Vis CE-2011
spectrometer. MB photodegradation efficiency
is calculated by the following formula:
=525 100
C

o

In which, C_ is the initial concentration of
MB and C is the remaining concentration of MB
after each corresponding irradiation time.

3. RESULTS AND DISCUSSION

3.1. Effect of the molar ratio of metal ions
to citric acid on the crystal structure,
surface morphology, and methylene blue
decomposition efficiency

With the aim to optimize the lattice crystal
structure of YFeO, materials, different molar
ratios of metal ions to citric acid (1:1, 1:2, 1:3
and 1:4) were employed during the sample
synthesis.

3.1.1. Effect of the molar ratio of metal ions to citric
acid on the crystal structure

The structure of the obtained YFeO,.850(1:n)
samples was investigated by both XRD and FT-
IR. Figure 3.1 shows the XRD patterns collected
at room temperature for the YFeO,.850(1:n)
samples.

YFe03.850(1:1)
o 3

Intensity (a.u.)

20 80

40 60
20 (degree)
Figure 3.1. XRD patterns for YFeO,.850(1:n) samples.

As can be clearly seen in Figure 3.1,
the diffraction peaks of the YFeO,.850(1:n)
samples are completely consistent with the
JCPDS Card No0.39-1489. This indicates that
all YFeO,.850(1:n) samples crystallize in the
orthorhombic structure (space group Pnma(62))
with deformed perovskite structure ! and have the
lattice parameters @ = 0,5588 nm, b = 0,7595nm,
¢ = 0,5274 nm. The main diffraction peaks are
at 260 = 25.9, 31.9, 33.1, 33.9, 47.3, 53.4 and
60.2° which correspond to the crystal planes
of (111), (200), (121), (002), (040), (311) and
(042), respectively. The intensity of diffraction
peaks is relatively high, indicating that the
obtained materials have high crystallinity. The
position and intensity of all diffraction peaks do
not change much, suggesting that the molar ratio
of metal ions to citric acid hardly changes the
crystal structure of the synthetic materials.

Table 3.1. Variation of average crystallite size for
YFeO,.850(1:n) samples

YFeO.850(1:n)
1:1 1:2 1:3 1:4

Sample

Average
crystallite | 19.322 | 17.058 | 16.657 | 17.148

size (nm)

The average crystallite size of YFeO,
samples was calculated by applying the Debye
- Scherrer formula to the max intensity peak
(121), which was fitted with the OriginPro
8.5.1 software to identify the peak position
and the full-width-at-half-maximum. The results
obtained in Table 3.1 show that all samples have
small crystallite size (< 20 nm), in which the
sample corresponding to a molar ratio of 1:1
between the number of metal ions and citric acid
has the largest crystallite size.

The FT-IR spectra of YFeO, samples after
annealing at 850 °C for 5 hours shown in Figure
3.2 consist of four main absorption regions: the
first one corresponds to a broad absorption band
at 3700 - 3200 cm™ due to the O-H stretching of
the free moisture in the air '; the second region
corresponds to peaks at 2353 cm due to the
oscillation of the C = O group of CO, present in
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the air 13; the third region corresponds to a wide
absorption band at 1572 - 1385 cm™ which may
be attributed to the stretching of C-O bonds '*; the
fourth region corresponds to the characteristic
absorption band at 568 cm' due to the Fe-O
stretching mode of the ortho-ferrite systems '*!5.
When changing the molar ratio of metal ions to
citric acid, there are no additional peaks on the
FT-IR spectra, indicating that the change in the
molar ratio of metal ions and citric acid hardly
affects the lattice crystal structure of obtained
YFeO, samples. This is in a good agreement with
the XRD analysis.

YFeO3.850(1:1)
h\/—\\r\\\w\/\/ﬁff%

YFeO4.850(1:3)

Transmittance (%)

YFeOs.850(1:4)

W

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'l)

Figure 3.2. FT-IR spectra of YFeO,.850(1:n) samples

3.1.2. Effect of the molar ratio of metal ions to
citric acid on the surface morphology

SEM has been used to investigate the effect of
the molar ratio of metal ions to citric acid on
the surface morphology of YFeO, samples. The
SEM images of the YFeO, samples synthesized
by the sol-gel method and annealed at 850 °C
for 5 hours with different molar ratios of metal
ions to citric acid in Figure 3.3 show that the
particle size of all samples was at the nanoscale.
Moreover, for the samples with the molar ratios
of 1:3 and 1:4 between metal ions and citric acid,
the particles are more uniform and have less
cohesion than samples with the molar ratios of
1:1 and 1:2 between metal ions and citric acid. It
is worth noting that the crystallite size calculated
by XRD is the smallest — mostly like a single
crystal in powder form. Since particle may be
present as a single crystal or an agglomeration
of several crystals, the particle size determined
by SEM is always larger than the crystallite size.

YFe0,.850(1:2) (b); YFeO,.850(1:3) (c);
YFeO,.850(1:4) (d)

3.1.3. Effect of the molar ratio of metal
ions to citric acid on the methylene blue
photodegradation efficiency

In order to study the effect of the molar
ratio of metal ions to citric acid on the MB
photodegradation efficiency, the C/C versus
the irradiation time is plotted and shown in
Figure 3.4. In which, C  is the concentration of
MB solution after stirring 2 hours in the dark
and C is the concentration of MB solution after
irradiation time t (h). The results show that the
sample corresponding to the molar ratio of 1:2
between metal ions and citric acid had a faster
decrease in the concentration of MB than other
samples synthesized under the same conditions
but with different molar ratios of the metal ions
to citric acid.

1,00

e

0,954
0,90
0,85+

0,804

cre,

+YFeO34850(1:1)

0,751 —*— YFe03.830(1:2)

070 YFeO4.850(1:3)

1 _'_YFCO34850(1Z4)

4 L ]
0.65 —*— Blank

0 1 2 3 4 5 6

Time (h)
Figure 3.4. The C/C of MB as a function of the irradiation
time for the blank and YFeO,.850(1:n) samples
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Table 3.2 shows the MB photodegradation
efficiency with and without the presence of
YFeO,.850(1:n) samples after 6 hours of
irradiation. In general, all samples have relatively
low photodegradation efficiency. After 6 hours of
irradiation, YFeO,.850(1:2) sample has the highest
decomposition efficiency (34.53%). Meanwhile,
MB decomposition efficiency for YFeO,.850(1:1),
YFeO,.850(1:3) and YFeO,.850(1:4) samples are
26.09, 28.81 and 28.50%, respectively. Besides,
for the blank sample, MB photodegradation
efficiency is only 2.79%, suggesting that
without the presence of YFeO, MB was hardly
decomposed under irradiation conditions.
Therefore, it can be concluded that the presence
of YFeO, photocatalysts plays a vital role in the
photodegradation of MB.

Table 3.2. MB photodegradation efficiency (%) for
blank and YFeO,.850(1:n) after 6 hours of irradiation

Sample PhotO(.legradation
efficiency (%)
YFeO,_.850(1:1) 26.09
YFeO,.850(1:2) 34.53
YFeO,.850(1:3) 28.81
YFeO,.850(1:4) 28.50
Blank 2.79

3.2. Effect of the annealing temperature on the
lattice crystal structure, band gap energy and
methylene blue photodegradation efficiency
of YFeO,

3.2.1. Effect of the annealing temperature on the
lattice crystal structure of YFeO,

. e orthorhombic 4 hexagonal
o o eee YECO3.1000(1:2)

R Y.Fc()}‘)()()(lﬁ)

=
=2 o YFcO3.850(1:2)
z e °
.E ° o/l o . oot Y.FCO3.800(112)
2 a
: A
— o A, + YFe03.750(1:2)
R A
4 o a4, . YFc03.700(1:2)

T T

20 40 60 80
20 (degree)

Figure 3.4. XRD patterns collected at room temperature
for YFeO,.T(1:2) samples

The XRD patterns measured at room
temperature for YFeO,.T(1:2) samples annealed at
different annealing temperatures (700 - 1000°C)
are shown in Figure 3.4. The experimental
results show that samples annealed below 800
°C have the presence of both orthorhombic and
hexagonal phases. However, when sintered at
higher temperatures (800 - 1000 °C), the samples
obtained have an orthorhombic single-phase
structure. This can be explained by the fact that at
high temperature the hexagonal structure phase
(space group (P63/mmc)) will change to the
orthorhombic phase that is thermodynamically
stable.'® Moreover, the diffraction peak
corresponding to the highest intensity at26~33.1°
becomes sharper and has a higher intensity for
increasing annealing temperature, indicating that
the obtained samples have a better crystallinity
and a larger crystallite size.

Table 3.3 presents the average crystallite
size of YFeO, samples annealed at different
temperatures, which was calculated by applying the
Debye - Scherrer formula to the max intensity peak
(121) at 26 = 33. In general, the average crystallite
size of all samples increases with increasing
annealing temperature, especially for the sample
annealed at 1000 °C.

Table 3.3. Variation of average crystallite size for
YFeO,.T(1:2) samples

Sample Averzsligz(:3 i;ﬁ;alme
YFeO,.700(1:2) 12.850
YFeO,.750(1:2) 16.524
YFeO,.800(1:2) 15.436
YFeO,.850(1:2) 17.058
YFe0,.900(1:2) 16.627

YFeO,.1000(1:2) 24.128

FT-IR spectra of YFeO,. T(1:2) samples
shown in Figure 3.5 include 4 main absorption
regions like YFeO, samples sintered at 850°C
as described in 3.1.1. However, the peak
intensity absorbed at 568 cm” due to the
asymmetric elongation of the Fe-O-Fe bond in
the FeO, octahedron increases for increasing
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the annealing temperature. This proves that the
purity of the YFeO,.T(1:2) samples is enhanced
as the annealing temperature increases.

YFeO5.1000(1:2)

N W U e N

YFe03.900(1:2)

YFe03.800(1:2)

m

YFe053.750(1:2)

/\._/i_‘“_“‘\v/v/‘_"\,\

YFe05.700(1:2)

ﬁm

T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Transmittance (%)

Figure 3.5. FT-IR spectra of YFeO,.T(1:2) annealed
at different temperatures

3.2.2. Effect of the annealing temperature on the
band gap energy

UV-Vis DRS was used to investigate the effect
of the annealing temperature on the band gap
energy of obtained YFeO,.T(1:2) samples. UV-
Vis DRS spectra of these samples are shown in
Figure 3.6.

The experimental results show that
YFeO,.T(1:2) samples annealed at different
temperatures are active in the visible light
region and the absorption band extends from
the ultraviolet to the visible. On the other hand,
when the annealing temperature increases, the
light absorption region of the material shifts to
the shorter wavelength region. This is in good
agreement with the change in the color of obtained
samples as a function of the annealing temperature.

1.2

1.0 -'/\ = >

0.8

0-69- = Yre05.700(1:2)

Absorbance (a.u.)

= ~YFe03.750(1:2)

0.4 4= YFe053.800(1:2)
= YFe03.850(1:2)

= YFe03.900(1:2)

3

024 :
——YFeOs.

1000(1:2)

T

T T T
400 500 600 700 800
Wavelength (nm)

Figure 3.6. UV-Vis diffuse absorption spectra of the
YFeO,.T(1:2) samples

Since YFeO, is an indirect band gap
semiconductor, the Kubelka-Munk function
[F(R)hv]? versus the phonon energy was plotted
to estimate the band gap energy of all samples.
The results presented in Figure 3.7 and Table
3.4 show that the band gap energy increases in
the annealing temperature range of 700 - 800
°C and hardly changes as further increasing the
annealing temperature to 1000 °C.

Table 3.4. Variation in the band gap energy for
YFeO,.T(1:2) samples

Sample Eg (eV)
YFeO,.700(1:2) 2.25
YFeO,.750(1:2) 2.36
YFeO,.800(1:2) 2.48
YFeO,.850(1:2) 2.43
YFe0,.900(1:2) 2.43
YFeO,.1000(1:2) 2.45

2501700 750
200 150
150 100
100
50
50 2,25 eV 2,36 eV
0 7 0 . . . .
1,5 20725 3,0 35 1,5 2,0 2,5 3,0 35
1501800 2301359
200
"5 100 150
=
= 100
= 50
= A 30 243 eV
05530 25 30 35 | 15 20 45 30 35
100
100’% 1000
sol 50
2,43 eV 2,45 eV

0+ ; . . . 0 /
15 20 25 30 35 15 20 25 30 35
Phonon Energy (eV)

Figure 3.7. Plots of [F(R)hv]?> versus phonon energy
for YFeO,.T(1:2) samples

3.2.3. Effect of the annealing temperature on the
methylene blue photodegradation efficiency
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Table 3.5. MB photodegradation efficiency (%) of

YFeO, samples after a period of six-hour irradiation

Table 3.6. Data obtained from the YFeO, samples when
evaluating the kinetics of the photocatalytic reactions

by employing the Langmuir-Hinshelwood model
S e Photodegradation
am
P efficiency (%) Sample Kinetic equation K., (h") R?
. =0.05055x —
YFeO,.700(1:2) 36.94 YFeO,850(1:1)| * . 01988X 0.05055 | 0.97979
YFe0,.750(1:2) 27.40 y= 0.06685% —
YFeO,.850(1:2) 0.06685 | 0.91017
YFe0,.800(1:2) 28.50 0.03514
| y=005432x
YFeO_850(1:2) 34.53 YFeO,.850(1:3) 0.03275 0.05432 | 091637
=0.05434x —
YFe0,.900(1:2) 48.99 YFeO_850(1:4)| * *7 1 0.05434 | 091582
3 0.03652
YFeO..1000(1:2) 35.33 =0.0771x—
: YFe0,700(1:2)| ~ 71 00771 098619
0.01988
10 y=0.05149x —
YFeO,.750(1:2 0.05149 | 0.98106
< 750(1:2) 0.00636
" YFe0_800(1:2)| ¥~ 02271 65252 | 0.94071
€0.. . . .
3 0.02283
= %7 y=0.10124x —
&) YFeO,900(1:2) 0.10124 | 0.84127
) —=— YFe03.700(1:2) 3 0.07855
0.79 —e— YFe03.750(1:2) 05
06 —+— YFe03.800(1:2) —— YFe03.850(1:1)
07 ——YFe03.850(1:2) 04] —— YFe03.850(12) .
——YFe03.900(1:2) \ YFeO5.850(1:3)
0.59 ——YFe05.1000(1:2) +
- 034 —— YFe03.850(1:4) .
0 1 2 3 4 5 6 )
Irradiation time (h) (:c 0.2-
Figure 3.8. Kinetic of the photocatalytic degradation =
of MB for YFeO,.T(1:2) samples under visible light 0,14
irradiation
004 = a
The photocatalytic activity survey results : : : : : : :
presented in Table 3.5 indicate that the YFeO, 0 ] [rrza diatio3n ﬁm:(h) ° 6
sample synthesized with a molar ratio of 1:2
metal ions/citric acid and annealed at 900 °C
] ) . 0,79 —— YFe03.700(1:2) .
has the highest MB phot‘odeg.ra.datlon efﬁc1er?cy 0.6] — YFe03.750(1:2)
(48.99% after 6 hours of irradiation). Meanwhile, —— YFe03.800(1:2)
0,51

MB  decomposition efficiency for YFeO,
samples synthesized under the same conditions
but annealed at 700, 750, 800, 850 and 1000°C
was 36.94, 27.40, 28.50, 34.53 and 35.33%,
respectively. This may be because the sample
annealed at 900 °C has higher crystallinity
than those annealed at 700 - 850 °C and has a
smaller particle size than the samples annealed
at 1000°C.

3.3. Kinetic of photocatalytic reactions for
YFeO,

—— YFe03.850(1:2)
0,44 —— YFe03.900(1:2)
—— YFe03.1000(1:2)

In(C(/C)
L

0 1 2 3 4 5 6
Irradiation time (h)

Figure 3.9. The plots of In(C/C)) versus irradiation
time for the photocatalytic degradation of MB of

YFeO,.850(1:n) and YFeO,.T(1:2) samples

68 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2020, 14(3), 61-70



SCIENCE

QUY NHON UNIVERSITY

The plots of In(C /C) versus the irradiation
time shown in Figure 3.9 is linear, revealing that
the photocatalytic reactions of YFeO, materials
for MB photodegradation follow the Langmuir-
Hinhshelwood kinematic model with the high
coefficient of determination.

results of MB
YFeO,
samples presented in Table 3.9 show that the
YFeO,.900(1:2) sample shows the highest
photodegradation rate (k = 0.10124 h'), which
is 1.5 times higher than that of YFeO,.850(1:2)
sample.

The  analysis
photodegradation kinetics for the

4. CONCLUSION

In this paper, we systematically investigated
the effect of both the molar ratio of metal ions
to citric acid and the annealing temperature on
structure and photocatalytic properties of YFeO,
samples that were fabricated by the sol-gel
method. XRD analysis indicates that all YFeO,
samples obtained mainly crystallize in the
orthorhombic structure (space group Pnma (62))
with deformed perovskite structure. All YFeO,
photocatalysts obtained were found to exhibit
photocatalytic activities in the visible light
region. In particular, the YFeO, sample annealed
at 900 °C with a molar ratio of 1: 2 between metal
ions and citric acid has the highest MB catalytic
decomposition efficiency compared to YFeO,
samples fabricated under the same condition but
annealed at other temperatures.
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