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Abstract In this work, Fe2O3 nanoparticles, abbreviated as OL and OS, were facilely synthesized by

the combustion procedure using L-lysine and L-serine as organic fuels, respectively. Also, the OL and

OS samples were identified using different instruments such as Raman spectrometer, FT-IR spec-

trophotometer, UV–Vis spectrophotometer, XRD, HR-TEM, BET surface area, and FE-SEM.

The XRD confirmed that the mean grain size of OL and OS samples is 42.23 and 33.16 nm, respec-

tively. The HR-TEM images confirmed that irregular, hexagonal, and spherical shapes, have an aver-

age diameter of 39.13 and 34.28 nm, were observed in the OL and OS samples, respectively. The BET

surface area of the OL andOS samples is 16.20 and 28.34m2/g, respectively. Additionally, the OL and

OS samples were accomplished for the photocatalytic degradation of methylene blue dye in the

absence and presence of hydrogen peroxide. The % degradation of 45 mL of 25 mg/L of methylene

blue dye in the case of using OL and OS samples in the absence of hydrogen peroxide is 55.23 and

63.64 % after 120 min, respectively. Also, in the presence of hydrogen peroxide, the % degradation

in the case of using OL and OS samples is 100 % after 35 and 25 min, respectively.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Rapid growth in industrial activities in the past decades has
resulted in the continuous discharge of heavy metals and toxic
organic pollutants into water bodies (Pandey et al., 2020;

Pandey et al., 2020; Pandey et al., 2020). Organic dyes are
essential in a lot of industries and they were worldwide
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Scheme 1 Practical steps for the synthesis of Fe2O3 nanoparticles.

Scheme 2 Proposed mechanism for the synthesis of Fe2O3

nanoparticles using L-lysine (A) and L-serine (B).

2 A. Subaihi, A.M. Naglah
produced at an undeniable degree (i.e., 7 � 105 tones) (Aruna
et al., 2021; Khan et al., 2021; Mishra et al., 2021). Excessive
use of organic dyes led to the presence of 10–20 % of the
dye components in the wastewater (Senguttuvan et al., 2021;

Saya et al., 2021). The direct discharge of wastewater contain-
ing a lot of organic dyes is harmful to soil fertility, microorgan-
isms, and aquatic organisms (Hasanpour and Hatami, 2020;

Wazir et al., 2020). Methylene blue dye is a cationic thiazine
dye that has widespread applications such as colorants, treat-
ing fish’s fungal infection, inhibiting nitrification as well as

medicinal aids. Harmful influences of acute exposure to methy-
lene blue dye result in health ailments such as nausea, necrosis,
vomiting, diarrhea, and eye irritation. Consequently, the
removal of methylene blue dye from the wastewater stream

is of important concern (Chandarana et al., 2021). To remove
organic dyes, several techniques such as ion exchange, adsorp-
tion, ultrafiltration, photocatalytic degradation, biological

treatment, reverse osmosis, chlorination, and flocculation are
used (Islam et al., 2019; Badvi and Javanbakht, 2021; Hu
et al., 2021; Benkhaya et al., 2021; Chowdhury et al., 2020;

Feng et al., 2021; Kumaravel et al., 2021; Wang et al., 2018).
However, these techniques, except for photocatalytic degrada-
tion, are slower in removing strong organic dyes. The photo-

catalytic degradation method is an effective approach that
degrades organic dyes from wastewater. It is depending on
exciting the electrons in the valence band and transferring
them into the conduction band via absorbing photons from

light sources such as UV irradiations. The holes (which were
formed at valence band) and electrons (which were formed
at conduction band) are involved in several steps to produce

hydroxyl free radicals that can efficiently degrade a lot of
organic dyes (Ali et al., 2020; Brites et al., 2011; Govindhan
and Pragathiswaran, 2019; Khan et al., 2016; Mahmoodi,

2014). Various catalysts were utilized for the degradation of
organic dyes such as g-C3N4/TiO2/bentonite, SnO2, Pd/CeO2,
SrTiO3, Fe2O3, ZnS, ZnSe/ZnO, TiO2, Ag3PO4/AgBr, SnSe/

LaNdZr2O7, CoWO4, and CdS/CdO (Mishra et al., 2018; E.
G.D.R. S., G.K. A., S. S., R. R., T.S. Silambarasan, S.L. I.,
Y. Chen, , 2020; Channei et al., 2019; Gao et al., 2018; Ali
and Mansor, 2020; Ehsan et al., 2018; Pragathiswaran et al.,

2021; Wang et al., 2014; Karamat et al., 2019; Taneja et al.,
2018; Saha et al., 2020). Mechouche et al. reported that
0.05 g of silver nanoparticles displayed a photocatalytic decol-

orization potential of 71.3 % for 250 mL of 20 mg/L of methy-
lene blue dye using sunlight irradiation within 6 h, while only
11.25 % of the methylene blue dye was degraded using UV

irradiation (Mechouche et al., 2021). Almehizia et al. reported
that 0.20 g of zinc oxide nanoparticles displayed a photocat-
alytic decolorization potential of 54.69 % for 50 mL of
10 mg/L of methylene blue dye using UV irradiation within

90 min (Almehizia et al., 2021). Stanley et al. reported that
0.10 g of Ag-ZnO nanocomposite displayed a photocatalytic
decolorization potential of 98.50 % for 100 mL of 10 mg/L
of methylene blue dye using sunlight irradiation within
30 min (S. R., J.A. Jebasingh, M.V. S., P.K. Stanley, P.

Ponmani, M.E. Shekinah, J. Vasanthi, , 231 (2021)). Chakra-
borty et al. reported that 0.002 g of Ag2O-ZnO composite dis-
played a photocatalytic decolorization potential of 97.00 % for

10 mL of 20 mg/L of methylene blue dye using UV irradiation
within 30 min (Chakraborty et al., 2021). Nanomaterials have
a wide range of applications in biosensor, water remediation,

energy etc. (Kim et al., 2021; Arshad et al., 2021; Sabir
et al., 2021; Sargazi et al., 2021). Recently, Fe2O3 nanoparticles
exhibit better potential in the degradation of organic dyes
under light irradiation due to their resistance to corrosion,

non-toxicity, and high efficiency (Hegazey et al., 2019;
Alharbi and Abdelrahman, 2020; Abdelrahman et al., 2019;
Jayaprakash et al., 2021). Hydrothermal treatment,

microwave-assisted with ultrasound, co-precipitation, thermal
decomposition, electrospinning, and combustion methods are
the synthetic procedures for the production of Fe2O3 nanopar-

ticles (Pu et al., 2014; Yang et al., 2016; Lassoued et al., 2018;
Liang et al., 2017; Davar et al., 2016; Supattarasakda et al.,
2013; Yang et al., 2018; Wang et al., 2017). The combustion

technique was operated for the synthesis of different nanopar-
ticles, specially Fe2O3, due to its low heat consumption, low
cost, and simplicity. In this regard, various organic fuels such
as glutamine, L-arginine, L-valine, L-alanine, urea, and citric

acid have been used for the synthesis of Fe2O3 nanoparticles
(Hegazey et al., 2019; Alharbi and Abdelrahman, 2020;
Abdelrahman et al., 2019). It is known that organic fuels vary

in their reducing power and the quantity of evolved gases.
Consequently, the fuels influence the characteristics of the final
nanoparticles such as morphology, crystallite size, and photo-

catalytic efficiency. To the best of our information, there are
no scientific papers on the synthesis of Fe2O3 nanoparticles
operating L-lysine and L-serine fuels. So, our team aims to

synthesize Fe2O3 nanoparticles using the previous promising
fuels for the first time. Also, our team aims to use the synthe-
sized Fe2O3 nanoparticles as photocatalysts to degrade the
methylene blue dye with high efficiency compared to other

photocatalysts found in the literature.



Fig. 1 XRD patterns of the OL (A) and OS (B) samples.
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2. Experimental

2.1. Chemicals

Iron(III) nitrate nonahydrate (Fe(NO3)3�9H2O), methylene

blue dye (C16H18ClN3S), hydrogen peroxide (H2O2), L-lysine
(C6H14N2O2), L-serine (C3H7NO3), isopropyl alcohol
(C3H8O), disodium ethylenediaminetetraacetate dihydrate

(C10H14N2Na2O8�2H2O), and ascorbic acid (C6H8O6) were of
analytical grade and purchased from Sigma-Aldrich (Pur-
ity = 99.99 %) and used as received without any refining.

2.2. Synthesis of Fe2O3 nanoparticles

Firstly, 8.00 g (19.80 mmoles) of iron(III) nitrate nonahydrate

was dissolved in 80 mL of distilled water. After that, 80 mL
aqueous solution of L-lysine (0.20 g, 1.37 mmoles) or
L-serine (0.37 g, 3.52 mmoles) were added to the previous iron
solution drop by drop with constant stirring for 40 min utiliz-

ing a magnetic stirrer at 28 �C. Besides, the temperature of the
utilized magnetic stirrer was raised to 160 �C for the complete
evaporation of the mixture. Additionally, the formed powder
was calcined at 600 �C for 3 h to produce Fe2O3 nanoparticles.

The samples, which were produced using L-lysine and L-
serine, were abbreviated as OL and OS, respectively. The
above-mentioned practical steps have been summarized in

Scheme 1.

2.3. Photocatalytic activity

The photocatalytic degradation of methylene blue dye using
OL or OS nanoparticles in the presence of UV irradiations
was accomplished as the following; 0.15 g of OL or OS sample

was mixed with 45 mL of 25 mg/L of methylene blue dye solu-
tion then stirred for 2 h in a dark place to ensure adsorption/
desorption equilibrium. Additionally, the illumination of
methylene blue dye by UV irradiations in the presence of OL

or OS nanoparticles was examined for different time intervals
utilizing xenon arc lamp of 250 W and 365 nm (Toshiba,
SHLS-002). Furthermore, after recovering the OL or OS

nanoparticles using the centrifugation procedure, the absorp-
tion and concentration of the methylene blue dye solution were
determined at 663 nm using a Shimadzu 2600 UV–Vis spec-

trophotometer. Moreover, % degradation (% P) of methylene
blue dye was calculated using Eq. (1).

%P ¼ ðXo �XtÞ100=Xo ð1Þ
where, Xo (mg/L) is the concentration of methylene blue dye at

equilibrium. Also, Xt (mg/L) is the concentration of methylene
blue dye at irradiation time t. To recognize the active kinds
produced in the photocatalytic degradation of methylene blue
dye, the scavengers including 5 M ascorbic acid, isopropyl

alcohol, and disodium ethylenediaminetetraacetate (EDTA)
were mixed with the solution of methylene blue dye then the
photocatalytic degradation was carried as the same as that

illustrated above.

2.4. Characterization

FT-IR spectra of the OL and OS nanoparticles were obtained
by the KBr pellets method in the range 4000–400 cm�1 utiliz-
ing a Bruker (Equinox 55) spectrophotometer (Riga, Latvia).
Raman spectra of the OL and OS nanoparticles were obtained

by a Thermo Scientific DXR spectrometer (Riga, Latvia) at an
excitation wavelength of 532 nm in the range 2000–100 cm�1.
The morphology of the OL and OS nanoparticles was exam-

ined utilizing a field emission scanning electron microscopy
(FE-SEM, SU8000, HITACHI, Chiyoda, Tokyo, Japan) and
high-resolution transmission electron microscopy (JEOL

2100, Akishima, Tokyo, Japan). The XRD patterns of the
OL and OS nanoparticles were obtained utilizing a Bruker
(Cu Ka = 0.154 nm) X-ray diffractometer (Malvern, United

Kingdom). The optical properties of the OL and OS nanopar-
ticles were obtained utilizing a Shimadzu 2600 UV–Vis spec-
trophotometer (Kyoto, Japan). The surface texturing
properties such as BET surface area, mean pore radius, and

total pore volume of the OL and OS samples were measured
from N2 adsorption isotherms at 77 K utilizing a Quan-
tachrome apparatus (Boynton Beach, United States) after

sample out-gassing at 473 K for 12 h.



Fig. 2 FT-IR spectra of the OL (A) and OS (B) samples.
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3. Results and discussion

3.1. Characterization of Fe2O3 nanoparticles

Scheme 2A–B displays the mechanism of combustion proce-

dure for the synthesis of OL and OS samples using L-lysine
and L-serine, respectively. Furthermore, Fig. 1A–B displays
the XRD patterns of the OL and OS samples which were syn-
Fig. 3 Raman spectra of the O
thesized using L-lysine and L-serine fuels, respectively. The

data confirmed the existence of eleven typical peaks for hema-
tite (Rhombohedral Fe2O3) (ICDD No. 01–076-4579) at 2h =
24.23�, 33.25�, 35.77�, 40.96�, 49.58�, 54.18�, 57.76�, 62.55�,
64.09�, 72.05�, and 75.57� signifying (012), (104), (110),

(113), (024), (116), (018), (214), (300), (10 10), and (220)
lattice planes, respectively (Hegazey et al., 2019). Additionally,
the grain size of the OL and OS samples, which can be gotten

applying the Scherrer equation, is 42.23 and 33.16 nm, respec-
L (A) and OS (B) samples.



Fig. 4 FE-SEM images of the OL (A) and OS (B) samples.
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tively. Fig. 2A–B displays the FT-IR spectra of the OL and OS
samples, respectively. The existence of FT-IR bands at about

3500 and 1600 cm�1 signifies the stretching and bending vibra-
tion of HAOAH of adsorbed water, respectively. Additionally,
the existence of FT-IR bands at about 430 and 518 cm�1 sig-

nifies the vibrations of the FeAO bond (Hegazey et al.,
2019). Raman spectroscopy is a significant non-destructive
tool to investigate the chemical and structural composition

of a wide range of materials and has been regarded as the
appropriate technique for characterization of nanosized sub-
stances since it allows to identify slights vibrations of nanoma-
terials. Fig. 3A–B displays the Raman spectra of the OL and

OS samples, respectively. Additionally, the Raman peaks exist
as expected for hematite. Consequently, the peaks, which were
observed at (218 and 489 cm�1) or (216 and 486 cm�1), in the

case of OL and OS samples, are attributed to two A1g symme-
Fig. 5 HR-TEM images of the
try modes, respectively. Moreover, the peaks, which were
observed at (281, 397, and 598 cm�1) or (279, 391, and

596 cm�1), in the case of OL and OS samples, are attributed
to Eg symmetry modes, respectively. Furthermore, the peaks,
which were observed at 1295 and 1291 cm�1, in the case of

OL and OS samples, are attributed to a second harmonic
vibration, respectively (De Faria et al., 1997; Fei et al., 2013;
Su et al., 2011; Xu et al., 2009; Dong et al, 2017; Al-Wasidi,

2021; Kotp, 2021; Kotp, 2019; El-Aassar et al., 2017;
Shawky et al., 2020). Fig. 4A–B displays the FE-SEM images
of the OL and OS samples, respectively. The results confirmed
that spherical shapes have an average size of 201.20 and

148.67 nm, were observed in the OL and OS samples, respec-
tively. Fig. 5A–B displays the HR-TEM images of the OL
and OS nanoparticles, respectively. The results confirmed that

irregular, hexagonal, and spherical shapes, have an average
OL (A) and OS (B) samples.



Fig. 6 HR-TEM histogram of the OL (A) and OS (B) samples.
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diameter of 39.13 and 34.28 nm, were observed in the OL and
OS samples as clarified from TEM histograms as shown in

Fig. 6A–B, respectively. The estimated diameters using HR-
TEM and XRD were almost identical. The values of the
energy gap (Eg) can be obtained from Tauc’s equation as
described in Eq. (2) (Hegazey et al., 2019).

ðYhtÞJ ¼ Cðht� EgÞ ð2Þ
where, Y is the absorption coefficient whereas h is the Planck
constant. Also, C is a substance constant whereas t is the fre-
quency of light. Moreover, J is an integer depending on the

kind of electronic transitions. Furthermore, J equals 2.00
and 0.50 in the case of direct and indirect transitions, respec-
tively. Fig. 7A–B displays the plot of (Yht)2 versus ht for
the OL and OS samples, respectively. Accordingly, this con-

firmed that the kind of transitions in OL or OS samples is
direct. The direct energy gap is estimated from the extrapola-
tion of the straight line so that (Yht)2 equals 0. The value of
Fig. 7 Energy gap of the OL
the energy gap (Eg) for the OL and OS samples is 0.97 and

1.35 eV, respectively. The difference in the energy gap (Eg)
for the OL and OS samples is large because of the great differ-
ence in grain size.

The elemental composition of the OL and OS samples was
analyzed by energy dispersive spectroscopy as shown in
Fig. 8A–B, respectively. The results showed the presence of

Fe and O peaks which indicating the absence of impurities.
The Au peaks were because of gold coating done on the sam-
ples before SEM measurement. % Fe in the OL and OS sam-
ples is 60.85 and 60.50 %, respectively. % O in the OL and OS

samples is 39.15 and 39.50 %, respectively.
The BET nitrogen adsorption-desorption isotherms of the

OL and OS samples are given in Fig. 9A–B, respectively.

The surface textural results are displayed in Table 1. The
obtained isotherms belong to type IV. The OS sample gives
the highest surface area value and hence possesses the higher

photocatalytic activity because it has the highest active sites.
(A) and OS (B) samples.



Fig. 8 EDS of the OL (A) and OS (B) samples.
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3.2. Photocatalytic degradation of methylene blue dye

Fig. 10A–B displays the plot of % P versus UV irradiation

time utilizing the OL and OS samples in the absence of hydro-
gen peroxide, respectively. Also, Fig. 11A–B displays the plot
of % % P versus UV irradiation time utilizing the OL and OS

samples in the presence of hydrogen peroxide, respectively.
The data show that the % P of methylene blue dye in the case
Fig. 9 The BET nitrogen adsorption-desorption
of using OL and OS samples in the absence of hydrogen per-
oxide is 55.23 and 63.64 % after 120 min, respectively. Also,
the % P of methylene blue dye in the case of using the OL

and OS samples in the presence of hydrogen peroxide is 100
% after 35 and 25 min, respectively. Furthermore, the photo-
catalytic degradation of methylene blue dye was investigated

using the first-order kinetic model as clarified in Eq. (3)
(Hegazey et al., 2019).

lnðXo=XtÞ ¼ CPt ð3Þ
where, CP (1/min) represents the rate constant of the first-order

kinetic model. Fig. 12A–B represents the plot of ln (Xo/Xt) ver-
sus UV irradiation time in the case of using the OL and OS
samples in the absence of hydrogen peroxide, respectively.

Also, Fig. 13A–B represents the plot of ln (Xo/Xt) versus UV
irradiation time in the case of using the OL and OS samples
in the presence of hydrogen peroxide, respectively. The data
display that the photocatalytic degradation of methylene blue

dye matched well with the first-order kinetic model. Besides,
the correlation coefficients and constants of the first order in
the case of using the OL and OS samples were tabulated in

Table 2. Hence, the reaction rate is linearly dependent on the
concentration of only one reactant i.e. methylene blue dye.
In other words, a first-order reaction is a chemical reaction

in which the rate varies based on the changes in the concentra-
tion of only one of the reactants i.e. methylene blue dye. Cp in
the case of the presence of hydrogen peroxide is more than that
in the absence of hydrogen peroxide because % P in the pres-

ence of hydrogen peroxide is more than that in the absence of
hydrogen peroxide. Hydrogen peroxide when exposed to UV
light produces more hydroxyl free radicals and thus the % P

increases.
In the case of the heterogeneous photocatalysis process,

some kinds of photoinduced reactive forms are generated,

including oxygen anion radicals (O2
�A) and hydroxyl radicals

(OH�), as well as the holes (h+) and electrons (e�) that can
be responsible for the oxidation of the organic dye (Al-

Wasidi et al., 2021). To investigate what kind of radicals plays
the main role in the degradation of methylene blue dye, the
inhibitors of hydroxyl radicals, holes, oxygen anion radicals,
isotherms of the OL (A) and OS (B) samples.



Table 1 Surface textures of the OL and OS samples.

Sample BET surface area (m2/g) Total pore volume (cm3/g) Mean pore radius (Ao)

OL 16.20 3.12 E-02 40.74

OS 28.34 4.60 E-02 13.82

Fig. 10 The plot of % P versus irradiation time in the absence of hydrogen peroxide in the case of the OL (A) and OS (B) samples.
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isopropyl alcohol, disodium ethylenediaminetetraacetate dihy-
drate, and ascorbic acid were utilized. Fig. 14 demonstrated

that the presence of disodium ethylenediaminetetraacetate
dihydrate extensively reduces the % P of the methylene blue
dye, confirming that holes play a basic role in the degradation

process. Also, in the case of ascorbic acid, a slight decrease in
the % P of the methylene blue dye is detected, confirming a
minor concentration of oxygen anion radicals. Besides, the

degradation of the methylene blue dye was reduced in the pres-
Fig. 11 The plot of % P versus irradiation time in the presence of h
ence of isopropyl alcohol, confirming that the hydroxyl radi-
cals play a basic role in the degradation process of the

methylene blue dye. Consequently, holes and hydroxyl radicals
are the two principal active kinds in the degradation of methy-
lene blue dye (Al-Wasidi et al., 2021).

The synthesized OL and OS samples were regenerated and
reused for three succeeding batches. The results confirmed that
% P of the methylene blue dye using the OL and OS samples

was conserved with a minor decrease as shown in Table 3.
ydrogen peroxide in the case of the OL (A) and OS (B) samples.



Fig. 12 The plot of ln (Xo/Xt) versus irradiation time in the absence of hydrogen peroxide in the case of the OL (A) and OS (B) samples.

Fig. 13 The plot of ln (Xo/Xt) versus irradiation time in the presence of hydrogen peroxide in the case of the OL (A) and OS (B) samples.
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Besides, to reutilize the OL and OS photocatalysts, the samples

were carefully washed with hot distilled water after the end of
the first batch, and an approximately equivalent amount was
attained, which was reutilized for the following batches. We
have carried the XRD for OL and OS samples after recycling

experiments (figure omitted for brevity). We found that the
positions and intensities of peaks did not change. Hence, the
structure of the OL and OS samples is stable. Consequently,
Table 2 Kinetic constants for the methylene blue dye degradation

Sample

OL in the absence of H2O2

OL in the presence of H2O2

OS in the absence of H2O2

OS in the presence of H2O2
the OL and OS samples can be utilized many times without

losing their effectiveness.
The proposed mechanism of the photocatalytic degradation

of methylene blue dye in the presence of OL or OS samples and
UV has been described in Scheme 3 (Hegazey et al., 2019). It is

depending on exciting the electrons in the valence band and
transferring them into the conduction band via absorbing pho-
tons from light sources such as UV irradiations. The holes
using OL and OS samples.

Parameters

R2 CP (1/min)

0.870 0.0069

0.985 0.0910

0.852 0.0070

0.923 0.1614



Fig. 14 The effect of scavengers in the case of the OL (A) and OS (B) photocatalysts.

Table 3 Recycling and reuse of OL and OS samples for photocatalytic degradation of methylene blue dye.

Sample % P after 1st batch % P after 2nd batch % P after 3rd batch

OL 52.18 50.29 48.53

OS 58.30 56.06 55.27

Scheme 3 Proposed mechanism for the degradation of methylene blue dye.
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Table 4 Comparative study between the % P of the OL or OS samples and that of other photocatalysts in the literature.

Photocatalyst Methylene blue Dye % Degradation Ref

Name W (g) X(mg/L) V(mL) Value Time (min)

Co alloyed CdZnS 0.03 25 25 83 100 (Abdelrahman et al., 2019)

CuO 0.1 10 50 96.18 360 (Abdelrahman et al., 2019)

ZnO 0.1 10 50 95 45 (Dong et al., 2017)

Silver nanoparticles 0.05 20 250 11.25 360 (Mechouche et al., 2021)

Ag2O-ZnO composite 0.002 20 10 97.00 30 (Chakraborty et al., 2021)

Fe2O3 (OL) 0.15 25 45 100 35 This study

Fe2O3 (OS) 0.15 25 45 100 25 This study

V= Volume, X= Concentration, and W= Weight.
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(which were formed at valence band) and electrons (which
were formed at conduction band) are involved in several steps

to produce hydroxyl free radicals that can efficiently degrade
methylene blue dye. Table 4 displays a comparative study
between the % P of the OL or OS samples and that of other

photocatalysts in the literature such as Co alloyed CdZnS,
CuO, silver nanoparticles, Ag2O-ZnO composite, and ZnO
for the degradation of methylene blue dye. The comparison

confirmed that the OL and OS samples efficiently degrades
the methylene blue dye.

4. Conclusions

The combustion approach was used for the facile synthesis of
Fe2O3 nanoparticles, abbreviated as OL and OS, using L-
lysine and L-serine as organic fuels, respectively. The mean

grain size of the OL and OS samples is 42.23 and 33.16 nm,
respectively. The BET surface area of the OL and OS samples
is 16.20 and 28.34 m2/g, respectively. Also, the OL and OS

samples were used for the photocatalytic degradation of
methylene blue dye. The % degradation of 45 mL of 25 mg/
L of methylene blue dye in the case of using the OL and OS

samples in the absence of hydrogen peroxide is 55.23 and
63.64 % after 120 min, respectively. Besides, in the presence
of hydrogen peroxide, the % degradation in the case of using

the OL and OS samples is 100 % after 35 and 25 min, respec-
tively. Moreover, holes and hydroxyl radicals are the two prin-
cipal active kinds in the degradation of methylene blue dye.
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