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ABSTRACT. The modification of TiO2 using rare earth oxide (La2O3) to increase the photodegradation activity of TiO2 under 
visible light has been conducted. The goal of this research is to identify the influence of La2O3 on the TiO2 to the photocatalytic 
activity of TiO2. The mixed oxide of TiO2/La2O3 was prepared using the precipitation method. The as-prepared catalyst was 
then calcined at 923 K. The photocatalyst was characterized using SRUV, XRD, FTIR, and SEM-EDX. The results showed that 
the photocatalyst activity of TiO2/La2O3-923 under visible light in the degradation of methylene blue was higher than pristine 
TiO2. The decrease in bandgap energy of TiO2/La2O3-923 from 3.2 eV to 3.01 eV was not the main factor in the increase 
of photocatalytic activity of TiO2/La2O3-923. The optimum condition of photodegradation of MB was obtained when the 
ratio of TiO2/La2O3 was 5, the concentration of MB was 10 ppm, the reaction time was 300 min, and the mass of the 
photocatalyst was 0.25 g. The reusability of TiO2/La2O3-923 was stable up to 3 sequent runs with the MB photodegradation 
of more than 90%. The mechanistic study of the mixed oxide TiO2/La2O3 showed that the hydroxyl radical played an 
important role in its high photocatalytic. 
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INTRODUCTION 

Recently, the global industrial sector has been 
growing rapidly, primarily driven by economic factors. 
Countries are striving to boost their income to enhance 
the well-being of their citizens. However, this growth in 
the industrial sector has also been a significant 
contributor to environmental issues. The untreated 
waste generated by industries, such as wastewater, 
can harm the environment. Consequently, the 
development of wastewater treatment methods within 
the industrial sector has garnered significant attention 
from researchers. 

Various research on wastewater treatment have 
been conducted, such as biological, physical, 
chemical methods including adsorption, coagulation, 
sonolysis, electrodegradation, and photocatalyst 
(Alexander et al., 2012; Awad et al., 2019; Lan et al., 
2013; Wang et al., 2009). However, photocatalysts 
attract more attention because they use solar light to 
degrade organic pollutants. Some metal oxides exhibit 
photocatalytic activity, and TiO2 has been proven to be 
an effective heterogeneous catalyst in various 
photocatalytic applications, including soil purification, 
air purification, water purification, and self-cleaning. 
(Lan et al., 2013)  Semiconductor TiO2 shows 
superiority in photocatalytic activity and has other 
advantages such as its high stability, cheap, non-toxic, 
and abundant. However, its photocatalytic activity was 

restricted only in UV radiation in which solar radiation 
contains only 2 – 4% of UV light due to high band gap 
energy (3.0 – 3.2 eV) and fast recombination. (Yu et 
al., 2015) Therefore, the modification of TiO2 to 
increase its photocatalytic activity in visible light is 
needed. Several methods have been developed to 
increase the photocatalytic activity of TiO2, such as 
doping elements, noble metal deposition, inorganic 
acid modification, dye sensitization, metal ion 
implantation, and heterojunction (Humayun et al., 
2018). The addition of rare earth elements to TiO2 has 
garnered attention from researchers due to their 4f 
orbital configuration, which can significantly enhance 
the photocatalytic activity of TiO2 (Liang et al., 2008; 
Wu et al., 2010). The addition of lanthanum to TiO2 
in photocatalytic activity has been investigated by 
several researchers (Azam et al., 2019; Li & Feng, 
2016; Wang et al., 2016; Zhang et al., 2014). 
However, their studies focused on catalytic activity and 
its preparation. To the best of our knowledge, a 
detailed investigation into the mechanism of this 
material has not yet been conducted. In this research, 
we focused on the study of mechanistic study.  

 
EXPERIMENTAL SECTION 
Materials 
The following materials were used to synthesize the 
catalyst: commercial TiO2, commercial La2O3, HNO3 
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65%, and NaOH. All materials were obtained from 
Merck. Methylene blue, Benzoquinone, 2-propanol, 
and ethylenediaminetetraacetic acid (EDTA) were 
purchased from Merck.  

Preparation of The Catalyst 
The catalyst (TiO2/La2O3) was prepared using a 

typical procedure. A certain amount of commercial 
La2O3 was dissolved in 1.5 mL of HNO3 65%, then 
diluted using distilled water to 41 mL. Titanium dioxide 
(TiO2) was added to the solution. The mole ratio of 
TiO2 to La2O3 was set at 1, 2, 5, and 10. After mixing, 
3 M aqueous NaOH was added to the solution until 
the pH reached 12. The precipitated was filtered and 
dried at 383 K and denoted as TiO2/La2O3 (x). The as-
prepared catalyst was then calcined at 923 K for 2 
hours and denoted as TiO2/La2O3-923 (x), where x is 
the mol ratio of TiO2 to La2O3. As a control, a 
commercial TiO2 was treated as a previous method 
without the presence of La2O3. The control was 
denoted as TiO2-923. The catalyst was characterized 
using FTIR, SEM-EDX, SRUV, and XRD. 

FTIR Experiment 
A pellet was prepared by mixing a certain amount 

of sample and KBr. Fourier transform infrared (FTIR) 
spectra were recorded on Shimadzu IR Prestige-21 
spectrophotometer in the range 400 – 4000 cm-1.  

XRD Experiment 
The powder X-ray diffraction pattern of the samples 

was recorded on Shimadzu ZRD 6000. Scans were 
conducted over a 2θ range from 10° to 80°. The 
crystallite size of TiO2 was calculated using the 
Scherrer equation for the crystal planes (101) and 
(200), and the lattice parameters were calculated 
using the following equations (Lin & Yu, 1998) 

𝐷 =
0.89𝜆

𝛽𝑐𝑜𝑠𝜃
 

𝑑(ℎ𝑘𝑙)
−2 = ℎ2𝑎−2 + 𝑘2𝑏−2 + 𝑙2𝑐−2 

where, D= is the measure of crystal size, λ is the 
wavelength of X-ray radiation (1540 nm), β is the full 
width at half maximum, and θ represents the 
diffraction angle.  

SEM-EDX Experiment 
The sample was dehydrated to minimize its 
interference. The images of the samples were 
recorded using a Scanning Electron Microscope (SEM) 
Hitachi SU 3500. The element analysis of the samples 
was determined using EDAX Element. 

Specular Reflectance UV-Vis Experiment 
An amount of samples was compacted to make a 
pellet. The absorbance of samples was recorded using 
Specular Reflectance UV-Vis (Pharmaspec UV 1700).  
The Bandgap energy was calculated from band-edge 
absorption (λg) using the following equation (Cao et 
al., 2010):   

𝐸𝑔(𝑒𝑉) = 1240
𝜆𝑔(𝑛𝑚)⁄  

Photocatalytic Activity 
Briefly, in a typical experiment, 50 mL of methylene 
blue (MB) with a certain concentration was put into a 
container. The catalyst (0.1 g) was added to the 
solution. The mixture was placed into the reactor and 
illuminated by visible (Hannoch lamp 530-590 nm),  
UV-Vis lamp (Philips UV lamp 254 nm), or solar 
radiation (at 10.00-12.00 am) for a desired time. As 
a control, the other mixture was put into the dark. After 
that, the solution was separated by using a centrifuge 
at 5800 rpm for 30-60 minutes. The rest of the MB in 
the solution was analyzed using a UV-Vis 
Spectrophotometer at a wavelength of 665 nm.  
 
RESULTS AND DISCUSSION 
The Photocatalytic Performance of TiO2/La2O3 

First, the photodegradation of MB was conducted 
under various photocatalysts, i.e., TiO2-923, La2O3-
923, and TiO2/La2O3-923(5) as shown in Figure 1. 
The photodegradation of MB using TiO2-923 shows 
high catalytic activity under solar radiation and UV 
light up to 96%. On the contrary, the activity of TiO2-
923 under visible light decreased up to 43% removal 
of MB. It seems that the treatment of TiO2 under high 
temperatures influenced the activity of TiO2 under 
solar radiation since solar radiation contains visible 
light about 44 – 46% of the incoming radiation 
(Malato et al., 2009; Wu et al., 2014). Meanwhile, 
La2O3 shows low activity in photodegradation under 
all the tested conditions due to a high band gap 
energy of about 5.5 eV (Zhang et al. 2019). The 
addition of La2O3 to TiO2 significantly increased the 
activity of TiO2 in the removal of MB under visible light, 
achieving up to a 94% removal rate. The activity of the 
TiO2/La2O3 under dark confirmed that the removal of 
MB was not influenced by a photocatalytic activity but 
by an adsorption process (Figure 1). However, the 
adsorption of MB on the catalyst surface increased 
after the addition of La2O3 to TiO2. This result is 
consistent with other research that La2O3 enhanced the 
adsorption of dye compounds such as congo red 
(Moothedan & Sherly, 2016). In photocatalytic activity, 
the adsorption of a compound on the catalyst surface 
is crucial (Humayun et al., 2018). Therefore, the 
enhancement of MB adsorption on the photocatalyst 
can be achieved through the modulation of co-
dopants, such as La2O3. In addition to the adsorption 
process, it is necessary to investigate the bandgap 
energy of these catalysts because a low bandgap 
energy represents increased photocatalytic activity 
under lower wavelengths. 

The bandgap energy of the TiO2, TiO2-923, and 
TiO2/La2O3-923 (5) was investigated using UV 
reflection as shown in Figure 2. These samples have 
subtle differences in absorption edge locations at 387, 
409, and 411 nm, respectively. The band gap of the 
catalysts was calculated from their absorption edge 
according to the reference (Cao et al., 2010), and was 
found that the bandgap of TiO2, TiO2-923, and 
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TiO2/La2O3-923 was estimated to be about 3.2, 3.05, 
and 3.08 eV, respectively as shown in Table 1.  The 
calcination of TiO2 under 923 K shows a lower 
bandgap (entry 3) than pristine TiO2 (entry 1). This 
result means that the bandgap of TiO2 can be 
decreased by treating it at high temperatures (Wu et 
al., 2014). The treatment of TiO2 under high 
temperatures causes form oxygen vacancy that causes 
ion Ti4+ to be reduced to Ti3+ (Wu et al., 2010). The 
formation of Ti3+ can be an electron trap to retard the 
recombination process (Aronne et al., 2017; Wu et al., 
2010). However, the photodegradation of both 

catalysts i.e. pristine TiO2 and TiO2-923 showed the 
same result under visible light (Figure 1) indicating the 
oxygen vacancy was not effective to retard the 
recombination process. Meanwhile, the TiO2/La2O3-
923 (5) (entry 2) has a similar bandgap energy with 
TiO2-923 (entry 3), but the photocatalytic activity of 
TiO2/La2O3-923 (5) under visible light is higher than 
TiO2-923 as shown in Figure 1. Therefore, the 
bandgap energy is not the main factor why the 
addition of La2O3 on the TiO2 is active under visible. A 
thorough investigation of all the tested photocatalysts 
is required. 

 

 
Figure 1. Photodegradation of MB under various catalysts. (Reaction condition: MB = 1.5 ppm, 
catalyst = 0.1 g, t = 1 h, pH = 6.7) 

 

 
Figure 2. The UV reflection of tested catalysts (a) TiO2, (b) TiO2/La2O3-923, and (c) TiO2-923. 

 
Table 1. The bandgap energy of photocatalyst 

Entry Material Wavelength /nm Bandgap energy / eV 

1 TiO2 387 3.20 
2 TiO2/La2O3-923 (5) 403 3.08 
3 TiO2-923 406 3.05 
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The high photocatalytic performance of 
TiO2/La2O3 under visible light probably occurs 
because La3+ ions replace Ti lattice ions at its interface. 
The alteration of the TiO2 lattice due to the dopant 
could influence the photocatalytic properties of TiO2 
(McManamon et al., 2015).  The XRD experiment was 
conducted and the diffractogram profile of the tested 
catalysts is shown in Figure 3. The TiO2 calcined at 
923 K shows the same pattern as pristine TiO2. The 
dominant phase of TiO2 was anatase. The peak at 
22.4° was also detected as Ti6O11.(Le Page & Strobel, 
1983) It indicated that the treatment of TiO2 under 
high temperatures at 923 K did not change the 
crystallinity of TiO2 from anatase to rutile. This result is 
in contrast with the other researchers who that 
reported the rutile phase was formed when TiO2 was 
treated under a high temperature of more than 773 K 
(Wu et al., 2014). The difference in the result is 
probably due to the duration of calcination. The 
crystallite size of calcined TiO2 is slightly higher than 
pristine TiO2, i.e., 40 nm and 37 nm, respectively. This 
result is in accordance with the other report that the 
effect of crystallite size of metal oxide was influenced 
by the calcination temperature (Natsir et al., 2018).  

The addition of lanthanum does not change the 
crystallinity of TiO2. Lanthanum hydroxide, La(OH)3 
phase was detected before TiO2/La2O3 was calcined. 
The La2O3 phase was formed after the catalyst was 
treated at 923 K. The crystallite size of calcined 
TiO2/La2O3 is lower than TiO2-923, i.e. 21 nm and 40 
nm, respectively indicating that La2O3 inhibits the 
agglomeration of TiO2 due to the presence of Ti-O-La 
bond at its interface (Li & Feng, 2016). The lattice 
parameter of TiO2/La2O3 showed that there is no 
different lattice value with TiO2-923 indicating La3+ 
was not intercalated into the TiO2 lattice. The crystal 
ionic radius of La3+ size is higher than Ti4+ i.e., 0.155 

nm and 0.068 nm, respectively (Wang et al., 2016). 
Therefore at the TiO2/La2O3 mole ratio prescribed, 
i.e., TiO2/La2O3 mole ratio was 5, La3+ does not 
change the TiO2 lattice and La2O3 was placed on the 
TiO2 surface. 

The FTIR spectra revealed the functional groups of 
the tested photocatalysts surface as shown in Figure 4. 
The IR spectra of TiO2-923 and TiO2/La2O3-923 (5) 
showed a similar pattern. However, TiO2/La2O3-923 
(5) showed a different peak at 975 cm-1. There are two 
possibilities to explain this peak that is the up-
conversion process occurred or the Ti4+ intercalated 
into the La2O3 lattice at its interface to form La – O – 
Ti (Obregón & Colón, 2012; Wu et al., 2010).  

To identify the peaks associated with the up-
conversion process, photodegradation experiments 
were conducted under IR light. The degradation of 
TiO2/La2O3-923 (5) under IR light was slightly higher 
than under dark (Figure 5(a)). This result showed that 
the up-conversion process seemingly occurred. 
However, the temperature of the solution slightly 
increased after the IR light was used, i.e. up to 333 K. 
The  degradation  of  MB  under  high temperature 
i.e.,  at  333 K  showed  the  same  result  under IR 
light (Figure 5(b)).  The high activity of photocatalysts 
at high  temperatures  occurs due to the increase in 
kinetic energy (Bai et al., 2020). Therefore, we 
conclude that the up-conversion process of 
TiO2/La2O3-923 (5) did not proceed, but the 
intercalation  of  Ti4+ in the interface of the La2O3 
lattice  occurred.  The  intercalation  of Ti4+ to replace 
the La3+ ion occurred in the interface between TiO2 
and La2O3  creating  an  imbalance charge that will 
be  neutralized  by  hydroxides on the surface (Xu et 
al., 2002). The  presence  of  OH could be detected 
by FTIR at 975 cm-1 as the vibration of La-OH (Kustov 
et al., 1981). 

 

 

Figure 3. Diffractogram pattern of (a) pristine TiO2, (b) TiO2-923, (c) TiO2/La2O3 (5), (d) TiO2/La2O3-923 (5) 
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Figure 4. The FTIR spectra of TiO2-923, TiO2-923 and TiO2/La2O3-923 (5) 

 

 
 

(a) (b) 
Figure 5. The % removal of MB under different (a) times and (b) under temperature at 333 K. reaction condition: 
MB = 1.5 ppm, catalyst = 0.1 g, t = 1 h, pH = 6.7 

 
The effectiveness of reaction conditions in the 

photodegradation of TiO2/La2O3 was also 
investigated, such as pH, catalyst amount, and MB 
concentration. As shown in Figure 6(a), the optimum 
pH was achieved at 6.7. At low pH, the catalyst surface 
was protonated causing the MB to be hindered to 
attach on the catalyst surface. Meanwhile, at pH more 
than the optimum condition, the catalyst surface and 
OH compete  to  interact  with  MB, thereby resulting 
in a decreased adsorption of MB (Pathania et al., 
2017). The optimum catalyst mass was achieved at 
0.25 gram/50 mL solution as shown in Figure 6(b). 
The excess of catalyst mass caused the penetration of 
light to be disturbed resulting the low photocatalytic 
activity. Meanwhile, the low amount of catalyst is 
inadequate to maximize the photodegradation 
process  (Herrmann,  2005;  Malato  et al.,  2009). 
The  higher  initial  concentration  of  MB  shows a 
lower photodegradation process than the low 
concentration  of  MB  as shown in Figure 6(c). The 
high  initial  concentration  of MB causes  the catalyst 

to be covered by adsorbate and reduces the 
penetration of light to the photocatalyst, thus the 
photodegradation decreases (Herrmann, 2005). 
However, when the reaction time was prolonged at the 
high initial concentration of MB, i.e. 10 ppm, the 
photodegradation of TiO2/La2O3 showed a high 
catalytic performance as shown in Figure 6(d). 

The stability of the photocatalyst was also studied 
as  shown  in Figure 7. The TiO2/La2O3-923 (5) 
showed   high   stability  in  the  photodegradation 
until 3 runs. The high stability of the catalyst was 
analyzed using FTIR and XRD. The FTIR result of the 
fresh  and  used  catalysts  showed  no difference in 
the  spectra.  In  addition,  the diffractogram of the 
used catalyst did not show new peaks. Lanthanum 
oxide (La2O3) is hygroscopic in nature and easy to 
convert to  La(OH)3  when reacts with water (Fleming 
et al., 2010).  The  composite  of  TiO2/La2O3  was 
able to maintain the La2O3 phase on the catalyst 
surface even though the reaction was conducted in 
water as a solvent. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 6. Photodegradation of TiO2/La2O3-923 (5) under visible light at various (a) pH, (b) mass 
of catalyst, (c) initial concentration of MB, and (d) time profile. 

 
 

 
(a)  

(b) 

 
(c) 

Figure 7. (a) The photocatalytic performance of TiO2/La2O3-923 (5) up to 3 runs, (b) FTIR spectra, 
and (c) diffractogram of fresh and used photocatalyst. 
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The Effect of La3+ on The Photocatalyst. 
The effect of La3+ on the TiO2 was also studied 

under different mole ratios, as shown in Table 2. The 
lattice parameter of photocatalyst was determined 
from the diffractogram of crystal planes (101) and 
(200) as shown in Table 3 (Lin & Yu, 1998). The 
addition of La3+ on the TiO2 without calcination 
seemingly  did  not  influence  the lattice parameters 
of TiO2 as shown in Table 3 (entry 7). The La2O3 
presence  on the surface of TiO2. The heat treatment 
of La2O3/TiO2  at  a high  temperature  (623 K) 
affected the lattice parameter of TiO2. The cell 
parameter “c” of TiO2 increases after it was modified 
with La2O3 and treated at high temperature indicating 
the La3+ incorporated into the TiO2 lattice at its 
interface, except for TiO2/La2O3  (5).  This result has 
been  consistent  with   the  previous result showing 
that the incorporation  of metal into the TiO2 was 
influenced by high temperature (Colón et al., 2002). 
The  lattice  parameter TiO2/La2O3-923 (5) is similar 
to pristine  TiO2  indicating  those optimum molar 
ratios were achieved. The incorporation of La3+ into 
the TiO2 lattice  at   its  interface  is  corroborated  by  
the change in the diffractogram intensity of 
TiO2/La2O3-923 (1, 2, and 10) as shown in Figure 7 
that  indicates  the  structure  of TiO2 is perturbated. 

The  crystallite   size   of   TiO2/La2O3-923 (x)  is  
smaller  than   TiO2   indicating   the  presence  of a 
Ti-O-La bond at the interface of the composite (Li & 
Feng, 2016).  

The photocatalysts of all TiO2/La2O3-923 (x) (Table 
3, entries 1 to 4) showed higher photocatalytic activity 
than TiO2-923 (entry 5). The addition of La3+, i.e. the 
molar ratio of TiO2 to La2O3 from 10 to 5, increased 
the photocatalytic activity up to 94%. The addition of 
La3+ more than the optimum condition, i.e. molar ratio 
of TiO2 to La2O3 up to 1 decreased its photocatalytic 
activity due to the presence of La(OH)3 on the TiO2 
surface as shown in Figure 8. The band gap energy of 
various TiO2/La2O3 is relatively similar as shown in 
Table 3. The result indicates that the band gap energy 
is not the main reason why the addition of La3+ 
enhances the photocatalytic of TiO2. The addition of 
La on the TiO2 increases the adsorption of MB that 
facilitates to transfer of radical species from the 
photocatalyst surface to the adsorbate or can act as 
an efficient separator of photoexcited electron and 
hole as previously discussed (Li & Feng, 2016; Liang 
et al., 2008; Ranjit et al., 2001; Xu et al., 2002; Xu et 
al., 2010). In addition, the addition of La on the TiO2 
surface inhibits the recombination process (Husna et 
al., 2023).

 
Table 2. Lattice parameters Comparison of various TiO2/La2O3 

Entry Photocatalyst 
a=b 
(Å) 

c 
(Å) 

Cell volume 
(Å3) 

Crystallite 
size* (nm) 

1 TiO₂/La₂O3-923 (1) 3.73 10.60 147.92 21 
2 TiO₂/La₂O3-923 (2) 3.79 9.68 138.95 21 
3 TiO₂/La₂O3-923 (5) 3.78 9.52 136.17 21 
4 TiO₂/La₂O3-923 (10) 3.79 9.83 141.53 20 
5 TiO2-923 3.78 9.44 135.17 40 
6 TiO2 3.78 9.52 136.17 37 
7 TiO₂/La₂O3-(5) 3.78 9.47 135.71 58 

*Crystallite size was determined using the Scherrer equation at crystal pane (101). 
 

 
Figure 8. The diffractogram of various mole ratios of (A) TiO2/La2O3-923 (1), (B) TiO2/La2O3-923 (2), 
(C) TiO2/La2O3-923 (5), and (D) TiO2/La2O3-923 (10). Note:  = TiO2, = La(OH)3, = La2O3. 
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Table 3. Comparison of various TiO2/La2O3 in the UV reflectance properties and the 
photocatalytic activity 

Entry  Photocatalyst 
band-edge 

absorption (nm)1 
Bandgap energy1 

(eV) 
%Removal2 

1 TiO₂/La₂O3-923 (1) 400 3.10 57.1 
2 TiO₂/La₂O3-923 (2) 411 3.01 78.4 
3 TiO₂/La₂O3-923 (5) 400 3.10 94.3 
4 TiO₂/La₂O3-923 (10) 392 3.16 76.4 
5 TiO2-923 409 3.03 43.0 

1Bandgap energy was calculated using (Cao et al., 2010):  𝐸𝑔(𝑒𝑉) = 1240
𝜆𝑔(𝑛𝑚)⁄ .  

2Reaction condition: MB = 1.5 ppm, catalyst = 0.1 g, t = 1 h, pH = 6.7, under visible light. 
 

 

   
 (a) 

  
                             (b) 

Figure 9. Morphology image of (a) TiO2 and (b) TiO₂/La₂O3-923 (5) 
 
The morphology of TiO2/La2O3 was analyzed using 

SEM-EDX as shown in Figure 9. The SEM image of 
TiO₂/La₂O3-923 (5) shows that its surface seems 
rougher than pristine TiO2 (Figure 9(a)) indicating the 
La2O3 presence on the surface of TiO2. The shape of 
the TiO2 particle is almost rectangular-like and about 
292 ± 73 nm in length as shown in Figure 9(b). The 
molar TiO2 and La2O3 were 69.7% and 3.2%, 
respectively. This result is in accordance with the total 
amount of TiO2 and La2O3 that was used to prepare 
the photocatalyst. 

Mechanism Study 
The mechanism study of TiO2/La2O3 was studied 

using various radical scavengers such as 
benzoquinone, isopropyl alcohol, and EDTA to interact 
with superoxide radical (●O2

—), hydroxyl radical (●OH), 
and hole in the valency band, respectively (Liu et al., 
2017). The addition of radical scavengers to the 
solution significantly reduced the photocatalytic activity 
of TiO2/La2O3 as shown in Figure 10. The addition of 
isopropyl alcohol to the solution showed the highest 
decrease in the photocatalytic activity of TiO2/La2O3 
indicating  that  radical hydroxide was the main 
species radical in the solution. Meanwhile, the 
addition of EDTA did not show a significant decrease 
in the photocatalytic performance indicating the 
recombination process was not proceeded.  This result 
is consistent with the FTIR study, which suggests that 
the presence of hydroxides on the catalyst surface 
plays a significant role in the photocatalytic 

performance of TiO2/La2O3. The other researcher also 
reported that the hydroxyl ion (OH—) combine with the 
hole of the valence band to form hydroxyl radicals 
(●OH) and retarded the recombination process (Zhu et 
al., 2018). In addition, the intercalation of  Ti4+ to 
La2O3 lattice, La3+, and the oxygen vacancy trap 
electrons to inhibit the recombination process (Wu et 
al., 2010; Xu et al., 2002).  

The plausible mechanism of photodegradation of 
TiO2/La2O3-923 (5) under visible light is shown in 
Figure 11. According to the previous discussion, the 
preparation of photocatalysts under high 
temperatures (923 K) facilitated the surface oxygen 
vacancy. The presence of oxygen vacancy and the 
intercalation of Ti4+ to the La2O3 lattice caused to 
reduction of Ti4+ to Ti3+ on the catalyst surface (Wu et 
al., 2010). The imbalance of those charges on the 
catalyst surface is stabilized by the presence of 
hydroxyls on the surface. These hydroxyls can interact 
with holes generated by visible light irradiation to form 
hydroxyl radicals (●OH) that then oxidize adsorbed 
MB. In addition, Ti3+ on the surface is not stable and 
releases electrons that react with adsorbed oxygen to 
produce superoxide radicals (●O2

—). The formed 
superoxide radicals (●O2

—) in part react with adsorbed 
MB, and the rest of these radicals react with proton 
(H+) to form hydrogen superoxide radical (●HO2). 
Then, the hydrogen superoxide radical (●HO2) reacts 
with H+ to form hydrogen peroxide that finally 
produces hydroxyl radicals (●OH). The formation of 
●OH can be seen in the following reaction. 
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 (1) 
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 (3) 

 (4) 

 (5) 
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Figure 10. Photocatalytic activity of TiO2/La2O3-923 (5) after the addition of radical scavengers 

 

 
Figure 11. Plausibel mechanism of TiO2/La2O3-923 (5) 

  
According to the information in Table 4, 

La2O3/TiO2 photocatalysts degraded methylene blue 
under visible light by 87% with a concentration of 10 
ppm for 300 min and a mass of 0.25 g photocatalysts. 
This result is still comparable with the other 

researchers. Combining rare earth oxides with TiO2 
resulted in higher photocatalytic activity compared to 
using a single rare earth oxide. Therefore, compared 
to other materials, this photocatalyst material offers 
benefits to degrade MB in the wastewater. 
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Table 4 Comparison result 

 
CONCLUSIONS 

The mixed oxide of TiO2/La2O3 catalyst prepared 
by a simple method was used to degrade methylene 
blue dye under visible light conditions. The 
photocatalytic activity showed that the TiO2/La2O3-
923 (5) degraded methylene blue dye in visible light 
up to 94%. The bandgap energy of the TiO2/La2O3-
923 (5) is smaller than that of pristine TiO2. However, 
the decrease in the bandgap energy is not a major 
factor in its photocatalyst activity. Two main factors are 
increasing the photocatalytic of TiO2/La2O3-923, the 
presence of La2O3 on the surface of the photocatalyst 
that inhibits the recombination process, and the 
abundant -OH (oop) on the surface of the 
photocatalyst producing more hydroxyl radicals. The 
stability of the photocatalyst is high up to 3 sequent 
runs. 
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