/@vy«/aﬁ Articts

Phys. Chem. Res., Vol. 11, No. 1, 139-147, March 2023
DOI: 10.22036/PCR.2022.332804.2045

ey

I\
PHYSICAL e
CHEMISTRY u
RESEARCH
Published by the

Iranian Chemical Society

www.physchemres.org
info@physchemres.org

Photocatalytic Degradation of Rhodamine B and Methylene blue Using a-Fe,O;
Nanoparticles

S. Abdalkareem Jasim®, M.M. Kadhim®®, B. Abed Hussein®, S. Emad Izzat®, Z. Mohsen Najm'
and C. Chem®*
“Al-maarif University College, Medical Laboratory Techniques Department, Al-Anbar-Ramadi, Iraq
*Department of Medical Laboratory Techniques, Dijlah University College, Baghdad, 10021, Irag

‘Medical Laboratory Techniques Department, Al-Farahidi University, Baghdad, Iraq

“Al-Manara College for Medical Sciences, Misan, Iraq

°Al-Nisour University College, Baghdad, Iraq

TAnesthesia Techniques Department, Al-Mustagbal University College, Babylon, Irag

$Department of Chemistry, Xian University, Xian, China
(Received 6 March 2022, Accepted 14 May 2022)

In this work, hematite (a-Fe,O3) nanoparticles were prepared using wet chemical approach accompanied by thermal decomposition and

were characterized using Fourier transform infrared (FT-IR) spectroscopy, powder X-ray diffraction (XRD), vibrating sample

magnetometer (VSM) and transmission electron microscope (TEM). The FT-IR and XRD results confirm that the successful preparation of

pure hematite a-Fe,O3. The VSM predicts the ferromagnetic behavior for as-prepared a-Fe,Os;. The TEM image shows that the particles are

separated, not agglomerated with quasi-spherical shape. Also, the particles are less than 100 nm. In addition, photo-degradation of

rhodamine B (RhB) and methylene blue (MB) dyes was studied using a-Fe,O; nanoparticles under visible light.
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INTRODUCTION

Different organic natural and synthetic dyes with high
aromaticity, complex structure, stability, solubility, and low
biodegradability used in various industries are major water
pollutions in recent years and causes various damage to
humans and other organisms [1-18]. Therefore, the removal
of organic dyes from industrial wastewaters before
discharge to the environment is urgent and necessary using
different techniques such as adsorption [1-4] and
photocatalytic degradation [5-11]. Advanced oxidation
processes (AOP) using various catalyst such as zinc ferrite
[12], Bi,03/SrFe ;019 [13], TiO/ZnO [14], graphene/CeO,

[15], Ag/TiOybiochar [16], Fe;0,@Si0,@Ce0, [17],

*Corresponding author. E-mail: cchem2021@gmail.com

Ce0,/Bi;WOg [18] are very used to degraded different
organic dyes in aqueous solution. Upon photocatalyst
irradiated by UV and/or Visible light, electrons excited from
the valence band (VB) to the conductive band (CB) to form
very reactive electron-hole pair. The h'vp and e g reacted to
H,O and O, molecules to prepare hydroxyl (OH®) and
oxygen (0,°) radicals. Finally, these radicals attached to
organic dyes and degraded them to safety molecules [12-
18]. In recent years, hematite (a-Fe,O;), as an n-type
semiconductor, was very used as photocatalyst for the
degradation of different organic dyes such as rhodamine B
(RhB), methyl orange (MO), and bisphenol A (BPA) in
aqueous solution [20-27]. For example, Gandha et al. [20]
reported the mesoporous iron oxide nanowires via template
free approach and 100% of RhB and MO
were degraded by solar light irradiation. Kusior ez al. [21]
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synthesized different shapes of a-Fe,O; nanoparticles by an
ion-mediated hydrothermal route to reach a complete
degradation efficiency of RhB using Visible light irradiation
by applying H,O, as an electron trap. Khalaji et al. [23]
reported photocatalytic degradation of MO dye under
light
prepared by a simple wet chemical precipitation route.

visible irradiation using a-Fe,O; nanoparticles

In this work, we describe a facile and mild two-step
approach (1-wet chemical approach and 2-thermal
decomposition) for the fabrication of hematite (o-Fe,Os)
nanoparticles as photocatalyst for photodegradation of RhB

and MB dyes under visible light.
EXPERIMENTAL

Materials and Methods

All materials such as FeCl;6H,O (reagent grade,
Sigma-Aldrich), DL-malic acid (for biochemistry, Merck),
NaOH (Merck), rhodamine B (HPLC grade, Sigma-
Aldrich), and methyl orange (Merck) used in this paper
were purchases used without further purification. FT-IR
spectra were recorded on a 5DX FTIR spectrometer
(Nicolet Co., USA), using KBr pellets in the range of 4000-
400 cm™. The crystal structure and phases were identified
via X-ray powder diffraction (XRD) using a Bruker
Advance D8 diffractometer (Cu Ko radiation, A
1.54056 A). The magnetic properties were investigated

using a vibrating sample magnetometer with applied
magnetic field of up to 14 KOe. The morphologies of
samples were recorded by scanning electron microscopy
(SEM, JEOL-JSM 7600 F).

Synthesis of a-Fe,O; Nanoparticles

The FeCl;:6H,O (0.01 mmol) as iron precursors and
malic acid (0.02 mmol g) as fuel was dissolved in 30 ml
distilled water by stirring and the pH value is achieved to 12
by adding 0.5 M NaOH solution and the mixture was stirred
for 12 h. The brown precipitate was filtered, washed, dried,
and then calcination at three different temperatures (500,
600, and 700 °C) for 3 h. The dark-red products are washed,
dried, and characterized.

Photocatalytic Degradation of Methyl Orange
The photodegradation of RhB and MB dyes was studied

140

under visible light at the natural pH. To a 50 ml of RhB
and/or MB aqueous solution with initial concentration of
25 mg I, added a-Fe,0; nanoparticles and the mixture
was stirred for 30 min in the dark to achieve an
adsorption/desorption equilibrium, and then followed by
adding 3 ml of H,O, (30%). After that, the mixture was
irradiated with 12 Philips TL 8w/54-7656 bulb lamps. After
a given time interval, about 4 ml of the suspension was
collected, filtered, the UV-Vis
spectrophotometer. The removal percentage was calculated

and analyzed using

by the following equation, where C, and C, represent the
initial and different reaction time absorbance of RhB and/or
MB.
R (%) = {(C, - Cy x 100}/C, (D
Due to experimental controlling and determining the
main species in the photodegradation of RhB and MB dyes,
we used disodium ethylenediaminetetraacetate (EDTA),

tert-butyl alcohol (TBA), and p-benzoquinone as scavengers
of active h", OH® and O, radicals [21].

RESULTS AND DISCUSSION

Characterization of a-Fe,O; Nanoparticles
FT-IR spectrum of o-Fe,Os; nanoparticles (Fe-500,
Fe-600, and Fe-700) were shown in Fig. 1. The adsorption

Fe-700
S Fe-600
[
——Fe-500
4000 3400 2800 2200 1600 1000 400

Wavenumber (em'f)

Fig. 1. FT-IR spectra of Fe-500, Fe-600, and Fe-700
nanoparticles.
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bands that appeared between 450-610 cm™ are assigned to
the vibration of Fe-O [23,27-31]. A broad and weak peak at
about 3400 cm’ is attributed to the vibration of O-H of
water adsorbed on the surface of a-Fe,O; nanoparticles [23].
bands that appeared between 450-610 cm™ are assigned to
the vibration of Fe-O [23,27-31]. A broad and weak peak at
about 3400 cm’ is attributed to the vibration of O-H of
water adsorbed on the surface of a-Fe,O; nanoparticles [23].
XRD patterns of a-Fe,O3 nanoparticles (Fe-500, Fe-600,
and Fe-700) were shown in Fig. 2. All characteristic peaks
appeared at various 20 values of = 24.2, 33.2, 35.7, 49.5,
59.9 and 57.6 can be attributed to the 012, 104, 110, 113,
024, 116, and 018 crystalline structures corresponding to the
phase-pure hexagonal structure of a-Fe,O; nanoparticles
witha=b=5038A,¢c=13772 A, a=p=90°and y =
120°, which are in good agreement with the data of JCPDS
card no. 33-0664 [23,27-31]. There are no other peaks of
any impurity in the XRD pattern of a-Fe,O; nanoparticles,
indicating that successfully prepared high purity and well

5000
Fe-600
3780
3
&
£ 2500
Z
=
1250
[
10 20 30 40 30 60
2 Theta (degree)
1400
-Fe-500
~ 1050
=
:—i
Wy
=700
g
£
350
Q

crystallized sample.

Moreover, only broad peaks were observed in the XRD
pattern of Fe-500 nanoparticles, which predicted that the
smaller crystalline size of Fe-500 than Fe-600 and Fe-700.
The average crystallite sizes of a-Fe,O; nanoparticles were
calculated using the Debye-Scherrer equation, where D is
crystallite size (nm), 1 is the wavelength (1.54 A), f8 is the
FWHM of the sharp peak related to the crystal plane (104)
and the 6 is the Bragg’s angle.

D =0.941/fcosb 2)

The calculated average crystallite size of Fe-500, Fe-
600, and Fe-700 are 25.3,47.6, and 65.8 nm, respectively.

TEM images of a-Fe,O; nanoparticles (Fig. 3) show that
the particles are not in narrow distribution sizes with low
agglomeration and different shapes such as spherical, cubic,
and rectangle. However, the size of all particles is below
100 nm.
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Fig. 2. XRD patterns of Fe-500, Fe-600, and Fe-700 nanoparticles.
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Fig. 3. TEM images of Fe-500, Fe-600, and Fe-700 nanoparticles.

According to TEM images, the distribution particle size
histogram of Fe-500, Fe-600, and Fe-700 nanoparticles
obtained, represented in Fig. 4, and exhibit a variation in
particle size with the average diameter size of 25, 48, and
67 nm, respectively.

To understand the magnetic property hysteresis loops
(M-H) of o-Fe,O3; nanoparticles (Fe-500, Fe-600, and
Fe-700) were measured at room temperature as shown
in Fig. 5. As seen in Fig. 4, saturation magnetization
(M) of a-Fe,O; nanoparticles is about 7.31, 9.25, and
11.57 emu g'l, for Fe-500, Fe-600, and Fe-700, respectively,
which show higher M, than previous hematite reported
[20,23,28,30] due to its smaller particles. The magnetic
remanence (M) of a-Fe,O; nanoparticles is about 0.93,
2.25, and 1.49 emu g'l, for Fe-500, Fe-600, and Fe-700,
respectively.

Figure 6 presents the zeta potential of Fe-500, Fe-600,
and Fe-700 nanoparticles and shows that all samples have
an equal isoelectric point referring to the potential zero
charge (PZC) and calculated at pH =~ 8.2. Then, the surface
of samples has positive charge at pH < PZC due to the
FeOH," groups and has negative charge at pH > PZC due to
the FeO™ groups [21,32].

Photocatalytic Properties

The photocatalytic activity of Fe-500 nanoparticles was
studied using the degradation of RhB and MB as cationic
dyes (25mgl") atpH>8.2 under visible light and the
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Fig. 5. Hysteresis loops of Fe-500, Fe-600, and Fe-700
Nanoparticles.
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Fig. 6. Zeta potential of Fe-500, Fe-600, and Fe-700
nanoparticles.

effect of irradiation time (0-120 min) and the dose of
catalyst (20 and 40 mg) was investigated. As seen in Fig. 7,
the removal percentage of RhB photo-degradation is faster
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than MB, because of the higher electrostatic interaction of
RhB to negative charge of a-Fe,O; nanoparticles than MB
[20-24], because of more active interaction sites (N, O,
COOH, and Ph rings) on the surface of RhB than MB (S
and Ph rings) (Scheme 1).

The pseudo-first-order rate constant k& according to the
linear relationship between In(C,/C,) and time (Fig. 8) was

)

H,C N I

RhB

H,C CH,

f

Scheme 1. Chemical structure of RhB and MB cationic dyes
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Fig. 7. The effect of irradiation time and catalyst dose on photodegradation (%) of RhB and MB dyes.
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Fig. 8. Pseudo first order plots of RhB and MB dyes as a function of irradiation time and catalyst dose.
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found to be 5.76 x 10 and 2.22 x 107 min™, respectively,
for RhB and MO dyes [20-24].

(Fe,O3) have high intensity in the
preparation of hydroxyl radical in the presence of H,O,
under UV-Vis light irradiation [21,33-36], due to the facile
diffusion of H,O, to the surface of a-Fe,O; nanoparticles
and causes the increase generation of hydroxyl radical
(OH®) [7,21]. The mechanism of photo-degradation of RhB
and MO dyes over the a-Fe,O; nanoparticles can be

Iron oxides

depicted as following equations:
0-Fe;03 + hv — h" (VB) +¢ (CB)
H,0, — 2 OH°
¢ (CB)+ 0, — 0,-°
h"+ H,0 — OH°

RhB and/or MO + O, °/OH° — degraded to safe compounds
(CO, and H,0)

The summary of various photocatalysts on
photocatalytic degradation of RhB and MO is shown in
Table 1. The comparative study shows that the as-prepared
a-Fe,O;  nanoparticles  exhibit photocatalytic
performance.

As an economical perspective and green chemistry, the
reusability of as-prepared a-Fe,O; nanoparticles

well

as
photocatalysts was studied under the optimized reaction
conditions of RhB and MO photodegradation. Then, the

catalyst was collected using centrifugation, washed, and
dried at 60 °C after each cycle. Figure 9 exhibits the
photodegradation efficiency of RhB and MB using as-
prepared a-Fe,O; after 6 cycles. A negligible decrease in
photodegradation efficiency was observed due to the loss of
photocatalyst during the recycling process [6,7,37-40].
Then, the as-prepared a-Fe,O; was proposed as an efficient
catalyst for the degradation of RhB and MO with high
stability and reusability [6,7,37-40].
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Fig. 9. Recycling experiment for as-prepared a-Fe,O3
Nanoparticles.

CONCLUSIONS

a-Fe,O3; nanoparticles were successfully synthesized,
characterized, and exhibited high photocatalytic efficiency

Table 1. Comparative study of Photocatalytic Performance of Various Photocatalysts for Degradation of RhB and MB Dyes

Photocatalyst Dye Light source Degradation time Photocatalytic activity Ref.
CeO, MB Sunlight 70 99% [32]
Pristine CeO, MB uv 175 100% [10]
CeO; nanofibers MB uv 60 98% [33]
a-Fe,03/ZnO RhB Solar 90 100% [20]
Ce0,/Bi,WOq RhB Visible 120 44% [18]
GQDs/CeO, RhB Visible 300 96.9% [15]
Porous Fe,03 RhB Solar 210 86.4% [22]
o-Fe,O; RhB Visible 120 100% This work
MO 120 98
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for degradation of RhB and MO dyes under visible light
irradiation. The degradation kinetics of RhB dye is faster
than MO dye, which is completed within 60 min. This work
provides a facile and low-cost route to synthesized a-Fe,O3
nanoparticles to photocatalytic degradation of RhB and MB
dyes with photocatalytic efficiency of 100 and 98%,
respectively. The as-prepared a-Fe,O; nanoparticles showed
superior photocatalytic activity compared with other
photocatalysts under visible light and also remain stable
even after 6 recycling runs.
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