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Abstract. The present work focuses on the photocatalytic degradation of methyl orange (MO) on erbium tri-
oxide nanoparticles (Er2O3 NPs). In this study, Er2O3 nanoparticles were synthesized and fully characterized
via various techniques, including X-ray diffraction, UV–visible spectroscopy and scanning electron microscopy
techniques. The results revealed that the photocatalytic activity of the prepared Er2O3 NPs was manifested in
MO photodegradation. The optimum efficiency obtained was 16 %.

1 Introduction

One of the sources of water contamination was the wastewa-
ter generated from textile plants employing various dyestuffs
(Khataee and Kasiri, 2010; Barbe et al., 1997). Various
chemical and physical in addition to biological changes for
dyes could occur that consume dissolved oxygen in the wa-
ter bodies. Moreover, dyes have high toxicity, which endan-
gers aquatic life (Khataee et al., 2009; Ruiz et al., 2004). The
various traditional techniques employed for the processing
of pollutant textile dyes in water involve different chemical,
biological and/or physical techniques. Photocatalytic degra-
dation was demonstrated as a promising technique for pro-
cessing pollution that occurs due to organic and/or inorganic
compounds. The approach, as a means of removal of per-
sistent water contaminants like dyes and pesticides, has re-
cently attracted the attention of numerous investigators (Xu
et al., 2014; Chen et al., 2014; Liu et al., 2014). Many of
these researchers used (aqueous) suspension of semiconduc-
tors irradiated by UV light to photodegrade the pollutants
(Daneshvar et al., 2007). The accomplishment of a semicon-

ductor photocatalyst was strongly connected with the elec-
tronic structure of it (Daneshvar et al., 2007; Boppella et al.,
2013; Xiao et al., 2012; Alenezi et al., 2013). It was estab-
lished that the photocatalytic degradation of organic ions or
organic molecules in solution are launched by photogener-
ated holes in the valence band with electrons in the con-
duction band of the semiconductor photocatalyst. The gen-
erated holes have high oxidative potential that permits a di-
rect oxidation of organic ions or organic molecules to re-
active intermediates. Moreover, radicals are reactive species
that may help in organic substrate degradation. As seen in
Fig. 1, methyl orange (MO) is a scale of acidity utilized in
titration due to its clear and distinct color difference at var-
ious pH values. Methyl orange demonstrates a pink color in
acidic solutions and a yellow color in basic solutions. Due
to it variations in color at the pH of a mid-strength acid, it
is ordinarily utilized in titration for acid solutions. Unlike a
global indicator, methyl orange does not have a full spectrum
of color variation, but it has a sharp end (Khodja et al., 2001;
Sandberg et al., 1972).
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Figure 1. The chemical structure of methyl orange.

Figure 2. The photocatalytic time vs. absorbance without SL.

Generally, MO utilizes monoazo dye in laboratory tests,
textiles and different commercial products and has to be
eliminated from water because of its toxicity (Mittal et al.,
2007; Chen et al., 2010). Mittal et al. (2007) researched the
elimination and recovery of MO from wastewater employing
waste materials. Chen and his coworkers (Chen et al., 2010)
examined the equilibrium and kinetic aspects of MO adsorp-
tion on activated carbon derived from Phragmites australis.
Jiang and other researchers (Jiang et al., 2012) investigated
the removal of MO from solutions through maghemite–
chitosan nanoparticles (NPs). Therefore, there is a need to
develop a novel treatment method that is more effective in
eliminating dyes from the wastewater. The objective and nov-
elty of the present work is to study the factors affecting the
photocatalytic oxidation process of methyl orange dye us-
ing the synthesized erbium trioxide nanoparticles, such as
concentration, illumination time and the amount of catalyst
loaded that is used in the photocatalytic process. In this in-
vestigation, we researched the photocatalytic degradation of
MO on Er2O3 NPs.

2 Experiment

2.1 Materials

All materials used in this work were supplied from Fluka
Company and were used without further purification.

2.2 Synthesis of Er2O3NPs

Erbium oxide nanoparticles (Er2O3 NPs) were synthe-
sized by dissolving ascorbic acid (1 g) and sodium fluoride
(0.063 g) in distilled water (10 mL). The pH solution was ad-
justed to 4 by adding drops of ammonium hydroxide solu-
tion. The resulting solution was heated to 70 ◦C for 20 min.

Figure 3. UV–visible spectra of Er2O3 nanoparticles without SL.

Figure 4. Photocatalytic degradation of methylene blue dye over
Er2O3 samples as a function of irradiation time with SL.

An alcoholic solution of erbium nitrate (2.5 g in 4 mL) was
added to the above solution and continuously stirred for 2 h
at room temperature. The precipitate was centrifuged and
washed several times with de-ionized water dried in air for
24 h in a vacuum. The precipitate was then calculated at
800 ◦C for 3 h.

2.3 Sample preparation

Er2O3 nanoparticles were prepared as the catalyst of 0.1 g
diluted in 100 mL methanol. Erbium oxide Er2O3 and methyl
orange were weighed by using sensitive balance. MO is often
used as a dye for catalytic tests (0.05 g diluted with 500 mL
methanol).

2.4 Photocatalytic setup

The photocatalytic setup consists of a UV lamp (6 W) of
cylindrical shape, 22 cm body length and 16 arccm length of
cylindrical shape, which was used as a photo source. This
lamp was positioned in a container of the sample (mixture of
Er2O3 NPs and MO) and then placed on a magnetic stirrer
(to mix and disperse solutions at high speeds and over a long
time period to prepare it) (Chen et al., 2014).
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Figure 5. UV–visible spectra of Er2O3 with SL.

Figure 6. The concentration of MO dye vs. absorbance, with and
without irradiation. The blue and red colours signify absorbance
with and without radiation respectively.

2.5 Methods

2.5.1 Irradiation time effect

The mixture of Er2O3 NPs and MO was placed on the mag-
netic stirrer and the temperature was fixed at 25 ◦C. The UV
lamp was switched on inside the sample container. Differ-
ent irradiation times (1, 2, 3, 4 and 5 h) were employed. The
photodegradation was measured after each hour. The sam-
ples were examined using a UV spectrometer to measure the
absorbance of all samples.

2.5.2 Dye concentration effect

Different concentrations of the MO were used in the range of
(0.1, 0.2, 0.5, 1, 1.5, 2) wt % and 0.1 wt % from Er2O3 NPs.
The samples were withdrawn from the mixture without pho-
tocatalysts after 15 min for each concentration of MO. The
samples were examined using a UV–visible spectrophotome-
ter to measure the optical absorbance.

2.5.3 Scanning electron microscopy (SEM)

The morphology of the nanoparticles of erbium oxide
nanoparticles was studied by scanning electron microscopy
(SEM). It was recorded on the JEOL JSM-6390LV SEM fit-
ted with a secondary electron detector.

Figure 7. SEM image showing a distribution of erbium oxide par-
ticles at 10 000 times magnification.

Figure 8. SEM image showing an even distribution for erbium ox-
ide particles at 25 000 times magnification.

2.5.4 X-ray diffraction (XRD)

The crystallinity of Er2O3 powder was studied using the X-
ray diffraction (XRD) technique.

3 Results and discussion

To improve the photodegradation efficiency of methyl orange
dye, erbium trioxide nanoparticles were used as a common
strategy. Erbium trioxide nanoparticles were ready to synthe-
sis and cheap. Various types of nano-metal have been used
in the previous studies, including anionic dopants, cationic
dopants, rare-earth dopants, and codopants (Samadi et al.,
2014). Additionally, many studies have shown that cou-
pling with other semiconductors, such as CdO (Liu et al.,
2014), CeO2 (Uddin et al., 2012), SnO2, TiO2 (Pant et al.,
2012), graphene oxide (GO) (Dai et al., 2014), and reduced
grapheme oxide (RGO) (Zhou et al., 2012), is a feasible ap-
proach to enhance the photodegradation efficiency.
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Table 1. XRD parameters of Er2O3 nanoparticles.

2O FWHM dhk1 G.S. Hk1 dhk1 Std. Phase Card no. δ

(◦) (◦) Exp. (Å) (nm) (A)

20.6330 0.4972 4.3013 16.2 (211) 4.3029 Cub.Er2O3 96-101-0593 0.0004
29.2389 0.6119 3.0519 13.4 (222) 3.0426 Cub.Er2O3 96-101-0593 0.0031
31.4191 0.3060 2.8449 27.0 (321) 2.8169 Cub.Er2O3 96-101-0593 0.0100
33.9052 0.6884 2.6418 12.1 (400) 2.6350 Cub.Er2O3 96-101-0593 0.0026
35.9706 0.6120 2.4947 13.7 (330) 2.4843 Cub.Er2O3 96-101-0593 0.0042
37.9978 0.2677 2.3661 31.4 (420) 2.3568 Cub.Er2O3 96-101-0593 0.0040
40.0249 0.6119 2.2509 13.8 (332) 2.2471 Cub.Er2O3 96-101-0593 0.0017
43.6203 0.8032 2.0733 10.7 (431) 2.0671 Cub.Er2O3 96-101-0593 0.0030
47.0626 0.4208 1.9294 20.6 (521) 1.9243 Cub.Er2O3 96-101-0593 0.0026
48.6308 0.7267 1.8708 12.0 (440) 1.8632 Cub.Er2O3 96-101-0593 0.0041
50.3137 0.5737 1.8121 15.3 (433) 1.8076 Cub.Er2O3 96-101-0593 0.0025
53.3736 0.7650 1.7152 11.6 (532) 1.7098 Cub.Er2O3 96-101-0593 0.0031
56.3187 0.6120 1.6322 14.7 (620) 1.6665 Cub.Er2O3 96-101-0593 0.0206
57.7722 0.8032 1.5946 11.3 (622) 1.5890 Cub.Er2O3 96-101-0593 0.0035
59.1874 0.4972 1.5598 18.4 (631) 1.5540 Cub.Er2O3 96-101-0593 0.0037
60.5643 0.6120 1.5276 15.0 (444) 1.5213 Cub.Er2O3 96-101-0593 0.0041
62.0560 0.4590 1.4944 20.2 (543) 1.4906 Cub.Er2O3 96-101-0593 0.0026
78.7705 0.8032 1.2140 12.8 (662) 1.2090 Cub.Er2O3 96-101-0593 0.0041

Figure 9. SEM image of nano-sized Er2O3 at 50 000 times magni-
fication.

3.1 Absence of sunlight

The results of the methods with and without sunlight (SL)
were discussed and are shown in Figs. 2 and 3. Figure 2
demonstrates the relation between the absorbance and time of
photocatalysis without sunlight radiation. The increase in the
time of photodegradation up to 3.0 h leads to the absorbance
values rising, due to the degradation process of organic dye.
This is consistent with the findings of Lazar et al. (2012).
Figure 3 shows the absorption of the Er2O3 spectrum in the
absence of sunlight, and it can be seen that the minimum
absorption occurs at a wavelength range of 324–489 nm for
various irradiative times.

Figure 3 shows the absorption spectrum of Er2O3 nanopar-
ticles without SL. It can be seen that the minimum absorption

Figure 10. SEM image of nano-sized Er2O3 at 101 720 times mag-
nification.

takes place at the 450–600 nm range of wavelength for differ-
ent irradiative times. A transmission spectrum has maximum
intensities at wavelengths where the absorption is weakest
because more light is transmitted through the sample. An ab-
sorption spectrum has maximum intensities at wavelengths
where the absorption is strongest. When sample molecules
are exposed to light with an energy that matches a possi-
ble electronic transition within the molecule, some of the
light energy will be absorbed as the electron is promoted to
a higher energy orbital. An optical spectrometer records the
wavelengths at which absorption occurs, together with the
degree of absorption at each wavelength. Absorbance usu-
ally ranges from 0 to 3.5 and is precisely defined in context
with spectrometer operation.
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Figure 11. XRD of Er2O3 nanoparticles.

3.2 In presence of SL

Figure 4 shows the photocatalytic degradation of diazocom-
pounds irradiated under sunlight in the presence of Er2O3
nanoparticles. The presence of Er2O3 nanoparticles was in-
vestigated as a very important factor for improvement of the
degradation process. Higher efficiency of degradation was
found within 4.0 h of irradiation time considering the opti-
mum loading of catalyst. After 4.0 h of irradiation time with
Er2O3 nanoparticles, another peak can be seen at irradiation
time of 5.0 h. We carried out a comparison between the ab-
sorbance values at 5 h with and without sunlight (Fig. 2) and
found an improvement in the phenolic compound degrada-
tion when the role of sunlight is taken into account.

The rate of reaction increases and maximum rates were
obtained after 4 h, as shown in Fig. 5. It may be explained by
the fact that the operation time of UV source was increased,
the number of photons per unit area incident on the sample
also increased, resulting in a high rate of degradation in the
mixture of erbium oxide and MO, which leads to an increase
in the absorption value.

3.3 Impact of methylene blue concentration

3.3.1 Concentration of MO effects without irradiation

The increase in the dye concentration leads to increases in ab-
sorbance. The maximum change in absorbance was noticed
when the concentration changed from 0.5 wt % to 1 wt %,
as shown in Fig. 6. The degradation efficiency of MO was
analyzed using a UV–visible spectrometer. Peaks were ob-

served to be present between 450 and 600 nm, which was
indicative of the degradation of MO. According to the Beer–
Lambert law, MO concentration is directly proportional to its
absorbance (Ramli et al., 2014).

3.3.2 Concentration of MO effects with irradiation

When MO concentration increases, the value of absorbance
increases after 15 min from irradiation. The maximum in-
crease in absorbance was noticed when the concentration at
the range 0.5–1.0 wt % was changed, as shown in Fig. 6. This
might be explained based on the increase in dye concen-
trations that leads to the reaction average increase as addi-
tional molecules. When the dye is increased (3.0–5.0 wt %)
the value of absorbance remains constant at 4.51 wt %, caus-
ing reaction retardation because of the increasing number
of collisions between dye molecules, whereas collisions be-
tween dye and salt decrease. As a conclusion, the proportion
of the reaction decreased (Karunakaran et al., 2004; Pandey
et al., 2015). The main rate of degradation exists in the region
near the irradiated side where the intensity of irradiation was
much higher than on the other sides. Thus, using dye with a
higher concentration, the degradation technique decreases at
sufficiently long distances from the light source or the reac-
tion zone because of retardation in the penetration of light.

3.3.3 SEM results

The SEM micrographs of synthesized samples are shown in
Figs. 7, 8, 9 and 10, showing the distribution and the mor-
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phology of Er2O3 nanoparticles. The average size of the
nanoparticles was found to be ∼ 16 nm and appeared to be
uniform.

3.4 XRD results

XRD was used to clarify the Er2O3 nanoparticles phase for-
mation. All the reflections were well indexed to cubic phase
of Er2O3 nanoparticles and can be seen in Fig. 11. The
XRD parameters of Er2O3 nanoparticles are shown in Ta-
ble 1 with a space group of I 21 3 (199) and cell parameters
of a = 10.5400 Å. The excellent crystallinity and absence of
impurities can be inferred because of the sharpness and exact
number of peaks in the XRD pattern. Additionally, it indi-
cates that the product is a single phase. XRD was used to clar-
ify the Er2O3 nanoparticle phase formation. All the reflec-
tions were well indexed to the cubic phase of Er2O3 nanopar-
ticles, and the average crystallite size of Er2O3 nanoparticles
was found to be 16 nm.

4 Conclusions

Nanoparticles of Er2O3 under SL improved the effective-
ness of the degradation of diazonium compounds for methyl
orange or, in other words, removal of mixture polluted by
methyl orange. The photocatalytic activity under UV and
light illumination are components for the enhanced photo-
synergist reactivity of the Er2O3. The Er2O3 nanoparticles
have a stage and are ready to ingest a high measure of photo-
catalysis in the obvious light area, driving adequately pho-
tochemical degradation responses. The maximum increase
in absorbance was noticed when the concentration of MO
increased from 0.5 wt % to 1 wt %, and this behavior leads
to increasing degradation of MO of up to 14 % for the
Er2O3 catalyst. XRD measurements show that the structure
of Er2O3 nanoparticles was cubic, and the average crystallite
size of Er2O3 nanoparticles was found to be 16 nm.
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