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Abstract
The leakage of factories that contain methylene blue and indigo carmine dyes into water sources causes some health prob-
lems, such as skin infections, cancer, and digestive system troubles. Consequently, in this work, a lithium borate/copper 
oxide nanocomposite was facilely synthesized using the pechini sol gel method. After that, the synthesized nanocomposite 
was used for the remarkable photocatalytic decomposition of indigo carmine and methylene blue dyes. The combination 
of lithium borate with copper oxide prevents fast recombination of hole/electron pairs and thus increases the efficiency of 
photocatalytic decomposition of indigo carmine and methylene blue dyes. This is because the interfacial charge transfer 
efficiency and separation of photo-generated products are dramatically improved by the combination of lithium borate with 
copper oxide. The synthesized nanocomposite was characterized using an ultraviolet–visible spectrophotometer (UV-Vis 
spectrophotometer), Fourier-transform infrared spectroscopy (FT-IR), field emission scanning electron microscopy (FE-
SEM), X-ray powder diffraction (XRD), and high-resolution transmission electron microscopy (HR-TEM). The average 
crystallite size of the synthesized nanocomposite is 18.58 nm. The synthesized nanocomposite has two optical energy 
gap (Eg) values of 2.67 and 5 eV due to CuO and Li3BO3 phases, respectively. In addition, the FE-SEM and HR-TEM 
images showed that the synthesized nanocomposite consists of polyhedral, irregular, and rod-like structures with average 
diameters of 237.83 and 15.75 nm, respectively. The highest decomposition percentages of 100 mL of 25 mg/L of the 
methylene blue (at pH = 9) and indigo carmine (at pH = 3) dyes using 0.05 g of the synthesized nanocomposite are 93.03 
and 89.13%, respectively.
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1 Introduction

Urbanization and industrialization are the primary causes 
of the discharge of large quantities of hazardous materi-
als, which contaminate the environment and ecosystem. 
Major contributors to water pollution are effluents from 
textile industries, which are chemically intensive and con-
tain high concentrations of complex chemical components 
such as heavy metals and dyes [1–6]. Methylene blue and 
indigo carmine are cationic and anionic dyes, respectively. 
They are used in various industrial applications and as a 
pharmaceutical additive for medical diagnosis. For both 
humans and aquatic animals, these dyes can cause a vari-
ety of health problems, including ocular irritation, skin 
diseases, vomiting, diarrhea, cancer, hypertension, nervous 
system disturbances, and gastrointestinal infections [7–10]. 
Many approaches have been demonstrated for the removal 
of several organic dyes, like precipitation, nanofiltration, 
reverse osmosis, coagulation/flocculation, adsorption, and 
photocatalytic decomposition [11–19]. Due to the escalat-
ing environmental challenges, photocatalytic decompo-
sition of environmental contaminants has lately gained 
great attention. Because it is an economical, eco-friendly, 
dependable, and repeatable method, photocatalytic decom-
position is primarily utilized for the removal of hazardous 
water or air pollutants. In the photocatalytic decomposition 
method, it is well known that both light and catalyst play 
a role, but the catalyst is the most crucial factor because 
it affects the efficiency of the decomposition. If the cata-
lyst is exposed to light, electronic transitions occur from the 
valence band to the conduction band, which results in holes 
and electrons, which in turn produce free radicals that break 
down the organic dyes [15, 20–25]. Due to their promising 
applications in water treatment, semiconducting photocata-
lysts have garnered a great deal of consideration from sci-
entists and have rapidly improved over the past few years. 
There are a lot of photocatalysts that were utilized for the 
decomposition of organic dyes, for example, titanium oxide, 
barium titanate, cerium oxide, graphitic carbon nitride, and 
zirconium phosphate [26–31]. It is well known that a low 
recombination rate of yielded hole/electron pairs and high 
removal efficiency are required to perform effective photo-
catalytic decomposition reactions of organic contaminants 
under ultraviolet light irradiation. Due to their distinctive 
applications in water splitting, nonlinear optical devices, 
photo-luminescent substances, lithium-ion batteries, plasma 
and laser technology, photocatalytic areas, and the adsorp-
tion of carbon dioxide, borate-based nanocrystalline semi-
conductors have attracted significant attention in recent 
years. In addition, it has been reported that lithium-borate 
composites have a perovskite-like structure that demon-
strates significant property-structure correlations [32–35]. 

Nevertheless, the Li3BO3 substance has a large optical band 
energy gap (approximately 5 eV), which severely restricts 
the photocatalytic decomposition property of the Li3BO3 
substance. By connecting two semiconductors with suit-
able optical band gaps, the performance of semiconduc-
tor photocatalysts can be significantly enhanced because 
the interfacial charge transfer efficiency and separation of 
photo-generated products are dramatically improved [36, 
37]. Copper oxides (including Cu2O and CuO) as semicon-
ductors of the p-type with small optical band energy gaps 
have gotten a great deal of attention over the past decade due 
to their numerous uses in solar cells, sensors, superconduc-
tors, catalysis, and electrode materials. Due to its small opti-
cal band gap, high abundance, and non-toxicity, CuO has 
been widely utilized in the photocatalytic decomposition of 
several pollutants. Consequently, CuO with a very narrow 
optical band energy gap of approximately 2 eV can almost 
absorb the majority of ultraviolet light and boost the photo-
catalytic decomposition property of Li3BO3 by enhancing 
the efficiency of photogenerated holes/electrons separation 
[38–40]. The sol-gel technique of the pechini type relies 
on the formation of chelates between ligands such as citric 
acid and metal ions. After that, the transesterification was 
carried out using cross-linking agents such as polyethylene 
glycol 400 to obtain the polymeric complex network. By 
heating the polymeric complex network, it is possible to 
remove the organic part and obtain metal oxide nanopar-
ticles. This procedure has numerous benefits, including 
the use of non-toxic chemicals, a low temperature, and 
the ability to easily organize the process environment. The 
pechini sol-gel chemical method was utilized for the synthe-
sis of several nanoparticles, for example, lithium niobate, 
magnesium oxide, aluminum oxide, magnesium ferrite, 
MgMn2O4/Mn2O3 composite, MgMn2O4/Mn2O3/Mg6MnO8 
composite, Mn0.5Zn0.5Fe2O4/Fe2O3 composite, and 
Fe0.5Mn0.5Co2O4/Fe2O3 composite [23, 25, 41–45]. Salavati-
Niasari et al. synthesized some efficient photocatalysts, such 
as erbium vanadate, Fe2O3/EuVO4/g-C3N4 nanocomposite, 
Co/Co3O4 nanocomposite, BaDy2NiO5/NiO nanocompos-
ite, BaDy2NiO5/Dy2O3 nanocomposite, DyBa2Fe3O7.988/DyFeO3 
nanocomposite, Dy2BaCuO5/Ba4DyCu3O9.09 nanocompos-
ite, Ni/Ni(OH)2 nanocomposite, and Tb-Co-O nanostruc-
tures for the decomposition of some organic dyes [46–53]. 
Despite the high efficiency of these catalysts, the chemicals 
used to prepare them are very expensive. Therefore, the first 
innovative aspect of our paper comes from the ability of 
our research team to utilize low-cost chemicals for synthe-
sizing a lithium borate/copper oxide nanocomposite by the 
pechini sol-gel method. The second innovative aspect of our 
paper comes from the efficient decomposition of dangerous 
pollutants such as methylene blue and indigo carmine dyes 
using the synthesized nanocomposite as a photocatalyst. The 
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combination of copper oxide with lithium borate prevents 
rapid recombination of holes/electrons and accordingly 
increases the efficiency of photocatalytic decomposition 
of methylene blue and indigo carmine dyes. Moreover, in 
the current paper, the impacts affecting the photocatalytic 
decomposition of indigo carmine and methylene blue dyes 
using the synthesized nanocomposite as a catalyst were also 
studied.

2 Experimental

2.1 Chemicals

Lithium sulfate monohydrate (Li2SO4·H2O), boric acid 
(H3BO3), copper(II) nitrate trihydrate (Cu(NO3)2·3H2O), 
sodium hydroxide (NaOH), polyethylene glycol 400 
(C2nH4n + 2On+1), citric acid monohydrate (C6H8O7.H2O), 
indigo carmine dye (C16H8N2Na2O8S2), methylene blue 
dye (C16H18ClN3S), ethylenediaminetetracetic acid diso-
dium salt dihydrate (C10H14N2Na2O8·2H2O), ascorbic acid 
(C6H8O6), isopropyl alcohol (C3H8O), and hydrochloric 
acid (HCl) were of analytical grade (Purity = 99.999%), got-
ten from the Merck chemical company, and utilized without 
any refining.

2.2 Synthesis of Li3BO3/CuO Nanocomposite

3.44 g of Li2SO4·H2O was dissolved in 60 mL of distilled 
water. Besides, 1.22 g of H3BO3 was dissolved in 60 mL of 
distilled water. In addition, the above two metallic solutions 
were mixed with each other and then magnetically stirred 
for 15 min. 6.50 g of Cu(NO3)2·3H2O was dissolved in 60 
mL of distilled water then added to the previous mixture 
with constant stirring for 15 min. After that, the citric acid 
solution, which was prepared by dissolving 7.50 g of citric 
acid monohydrate in 60 mL of distilled water, was added 
with constant stirring for 15 min. In addition, 5 mL of poly-
ethylene glycol 400 was added then the mixture was mag-
netically stirred at 120 oC till dryness. Lastly, the generated 
powder was calcined in muffle at 600 °C for 3 h. Scheme 1 
shows the practical steps for synthesizing the Li3BO3/CuO 
nanocomposite.

2.2.1 Characterization

The FT-IR spectrum of the synthesized nanocomposite was 
obtained in the range 4000 − 400 cm− 1 using a Nicolet iS50 
spectrophotometer. The XRD pattern of the synthesized 
nanocomposite was obtained using a D8 Advance X-ray 
diffractometer with a copper anode (λ of CuKα=1.5 Å). The 
surface morphology of the synthesized nanocomposite was 
investigated using a FE-SEM of model JSM-IT800 Schottky 
attached to an energy-dispersive X-ray unit (EDX). The 
morphology of the synthesized nanocomposite was investi-
gated by a HR-TEM of the model Talos F200iS. In addition, 
the concentration of the methylene blue and indigo carmine 
dyes was measured by a UV/Vis spectrophotometer of the 
model Shimadzu UV-1650 PC. Moreover, the lambda max 
of the methylene blue and indigo carmine dyes is 663 and 
610 nm, respectively.

2.3 Photocatalytic Decomposition of Methylene 
Blue and Indigo Carmine Dyes using the Li3BO3/CuO 
Nanocomposite

For the purpose of determining the photocatalytic activity 
of Li3BO3/CuO nanocomposite, methylene blue and indigo 
carmine dyes were decomposed in the presence of two 
ultraviolet lamps of the same type (Wavelength = 240 nm). 
In this regard, 0.05 g of the Li3BO3/CuO nanocomposite 
was added to 100 mL of original concentration of 25 mg/L 
methylene blue or indigo carmine dye aqueous solution then 
the suspension was stirred for 2 h in the absence of an ultra-
violet light to achieve adsorption/desorption equilibrium. It 
is worth noting that the adsorption in the dark was followed 
up at different times, and it was found that equilibrium 
occurred after 2 h. In addition, the obtained mixture was Scheme 1 Graphical presentation for the synthesis of the Li3BO3/CuO 

nanocomposite
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3 Results and Discussion

3.1 Characterization of the Synthesized 
Nanocomposite

Figure 1 A represents the XRD pattern of the synthesized 
nanocomposite. The results confirmed that the synthesized 
nanocomposite consists of lithium borate (Li3BO3) and 
copper(II) oxide (CuO) as clarified in JCPDS Nos. 70-2459 
and 80-1917, respectively [54, 55]. The peaks, which 
appeared at 2Ɵ=28.90o, 30.65o, 33.41o, 38.09o, and 47.92o, 
are due to the Li3BO3 compound. Also, the peaks, which 
appeared at 2Ɵ=31.94o, 34.88o, 52.79o, 57.46o, 60.67o, 
65.09o, 67.10o, 71.51o, and 74.21o, are due to the CuO com-
pound. The average crystallite size of the synthesized nano-
composite, which was determined using Scherrer equation, 
is 18.58 nm [44, 56–59]. In addition, the percentages of 
Li3BO3 and CuO are 40 and 60%, respectively.

Figure 1B represents the FT-IR spectrum of the synthe-
sized nanocomposite. The results showed that the bands, 
centered at 435 and 610 cm− 1

, were assigned to the stretching 
vibrations of the Li-O and Cu-O, respectively. In addition, 
the band, centered at 793 cm− 1, was assigned to the bending 
vibration of the B-O-B. The band, centered at 1228 cm− 1, 
was assigned to the stretching vibrations of boron tetrahe-
dral structural units. The band, centered at 1464 cm− 1, was 
assigned to the asymmetric stretching vibration of BO3. The 
bands, centered at 1634 and 3329 cm− 1, were assigned to 
the bending and stretching vibrations of adsorbed water, 
respectively [60–68].

Figure 2 A-B represents the FE-SEM and HR-TEM 
images of the synthesized nanocomposite, respectively. In 
addition, the FE-SEM and HR-TEM images showed that the 
synthesized nanocomposite consists of polyhedral, irregular, 
and rod-shaped particles with average diameters of 237.83 
and 15.75 nm, respectively. High-resolution transmission 
electron microscopy is an imaging mode of specialized 
transmission electron microscopes that permits direct imag-
ing of the atomic structure of samples. The interlayer lamel-
lar distances of 0.25 and 0.33 nm were in accord with the 
lattice fringes of CuO and Li3BO3 structures, respectively, 
which were in excellent agreement with the results of XRD.

The optical energy gap (Eg) of the synthesized nanocom-
posite (Li3BO3/CuO) was determined from the UV–Vis 
absorption spectra in nujoll mull by Eq. (2) [25].

(σhυ)Y=KE (hυ−Eg)  (2)

KE and σ are an energy-independent constant and the 
absorption coefficient, respectively. h and Y are the Planck’s 
constant and an integer depending on the kind of transi-
tion, respectively. Y equals 2.0 and 0.5 in the case of direct 

then subjected to an ultraviolet light irradiation. The effects 
of pH (3–9), irradiation time (10–110 min), amount of nano-
composite (0.0125-0.2 g), and concentration of dye (15–35) 
were studied. The percentage of photocatalytic decomposi-
tion (% D) of indigo carmine or methylene blue dyes was 
estimated by Eq. (1).

%D =
Cd − Ce

Cd
× 100 (1)

where, Cd (mg/L) is the concentration of methylene blue or 
indigo carmine dyes after the adsorption in the dark place. 
Ce (mg/L) is the concentration of methylene blue or indigo 
carmine dyes after illumination with an ultraviolet light.

Fig. 1 The XRD pattern (A) and FT-IR spectrum (B) of the synthesized 
nanocomposite
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allowed and indirect allowed electronic transitions, respec-
tively. Figure 3 shows the plot of (σhυ)2 against hυ for the 
synthesized nanocomposite. Therefore, the direct allowed 
electronic transitions were predominant in the synthesized 
nanocomposite. The extrapolation of the graph until the 
value of (σhυ)2 equals zero gives the optical energy gap 
(Eg). There are two optical energy gap values of 2.67 and 
5 eV due to the CuO and Li3BO3 phases, respectively.

3.2 Photocatalytic Decomposition of Methylene 
Blue and Indigo Carmine Dyes

3.2.1 Influence of Dye Solution pH

Figure 4 shows the relationship between the pH and the 
photocatalytic decomposition percentage of indigo carmine 
and methylene blue dyes in the presence of ultraviolet light. 
In the case of methylene blue dye, when the pH is increased 
from 3 to 9, the photocatalytic decomposition percentage 
increases from 6.02 to 92.60%. The acidic medium works 
to surround the nanocomposite with positive hydrogen ions 
that expel the cationic methylene blue dye, and thus the pho-
tocatalytic decomposition percentage decreases [69]. The 
basic medium works to surround the nanocomposite with 
negative hydroxide ions that attract the cationic methylene 
blue dye, and thus the photocatalytic decomposition per-
centage increases. In the case of indigo carmine dye, when 
the pH is increased from 3 to 9, the photocatalytic decom-
position percentage decreases from 89.77 to 2.75% [69]. 
The acidic medium works to surround the nanocomposite 
with positive hydrogen ions that attract the anionic indigo 

Fig. 4 The effect of pH on the photocatalytic decomposition percent-
age of 100 mL of 25 mg/L indigo carmine or methylene blue dyes 
using 0.05 g of the synthesized nanocomposite

 

Fig. 3 The optical energy gap of the synthesized nanocomposite

 

Fig. 2 The FE-SEM (A) and HR-TEM (B) images of the synthesized 
nanocomposite
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time is increased from 10 to 90 min, the photocatalytic 
decomposition percentage increases from 7.41 to 93.03%. It 
was found that the photocatalytic decomposition percentage 
of methylene blue dye was almost unaffected by increasing 
the ultraviolet irradiation time from 90 to 110 min due to the 
saturation of the active sites. In the case of indigo carmine 
dye, when the ultraviolet irradiation time is increased from 
10 to 90 min, the photocatalytic decomposition percent-
age increases from 4.69 to 89.13%. It was found that the 
photocatalytic decomposition percentage of indigo carmine 
dye was almost unaffected by increasing the ultraviolet irra-
diation time from 90 to 110 min owing to the saturation of 
the active positions. Therefore, 90 min is considered the 
optimal value for obtaining the highest decomposition per-
centage of the methylene blue and indigo carmine dyes. In 
addition, the catalytic decomposition of the indigo carmine 
and methylene blue dyes follows well the first order, which 
is expressed by Eq. 3 [69], as shown in Fig. 5B.

ln
Cd

Ce
= KP t  (3)

KP represents the rate constant of the first order (1/min).
The linear fitting of the obtained points in the case of 

indigo carmine and methylene blue dyes produced lines 
with a large correlation coefficient, which equals 0.9616 and 
0.9142, respectively. The values of KP in the cases of indigo 
carmine and methylene blue dyes are 0.0243 and 0.0283 1/
min, respectively.

3.2.3 Influence of the Amount of Nanocomposite

Figure 6 shows the relationship between the amount of nano-
composite and the photocatalytic decomposition percentage 
of indigo carmine and methylene blue dyes. In the case of 
methylene blue dye, when the amount of nanocomposite is 
increased from 0.0125 to 0.05 g, the photocatalytic decom-
position percentage increases from 47.16 to 93.03% due to 
the increase in free radicals. Besides, when the amount of 
nanocomposite is increased from 0.05 to 0.2 g, the photo-
catalytic decomposition percentage decreases from 93.03 to 
80.12% due to the turbidity that blocks the access of light 
into solution and reduces the number of free radicals. In the 
case of indigo carmine dye, when the amount of nanocom-
posite is increased from 0.0125 to 0.05 g, the photocatalytic 
decomposition percentage increases from 38.54 to 89.13% 
due to the increase in free radicals. Besides, when the 
amount of nanocomposite is increased from 0.05 to 0.2 g, 
the photocatalytic decomposition percentage decreases 
from 89.13 to 78.00% due to the turbidity that blocks the 
access of light into solution and reduces the number of free 

carmine dye, and thus the photocatalytic decomposition 
percentage increases. The basic medium works to surround 
the nanocomposite with negative hydroxide ions that expel 
the anionic indigo carmine dye, and thus the photocatalytic 
decomposition percentage decreases. Therefore, the opti-
mal pH values, for obtaining the highest decomposition 
percentage of the indigo carmine and methylene blue dyes, 
are 3 and 9, respectively. The decomposition percentages of 
indigo carmine and methylene blue dyes in a real wastewa-
ter sample, which was taken from our research laboratory 
wastewater, at optimum conditions were 82.53 and 70.12%, 
respectively. Compared to the experimentally prepared 
sample, the decomposition percentage of the studied dyes 
in the wastewater decreased due to the various kinds of dyes 
contained in the wastewater and the higher concentration of 
opaques in the solution.

3.2.2 Influence of Ultraviolet Irradiation Time

Figure 5 A shows the relationship between the ultraviolet 
irradiation time and the photocatalytic decomposition per-
centage of indigo carmine and methylene blue dyes. In the 
case of methylene blue dye, when the ultraviolet irradiation 

Fig. 5 The effect of ultraviolet irradiation time on the photocatalytic 
decomposition percentage of 100 mL of 25 mg/L indigo carmine (at 
pH 3) or methylene blue (at pH 9) dyes using 0.05 g of the synthesized 
nanocomposite. The first order kinetic model (B)
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decomposition percentage decreases from 98.04 to 69.11% 
because the high concentration of methylene blue dye 
blocks the access of light into the nanocomposite. In the 
case of indigo carmine dye, when the initial concentration is 
increased from 15 to 35 mg/L, the photocatalytic decompo-
sition percentage decreases from 96.33 to 61.85% because 
the high concentration of indigo carmine dye blocks the 
access of light into the nanocomposite.

3.2.5 Mechanism of Photocatalytic Decomposition of 
Indigo Carmine and Methylene Blue Dyes

Scheme 2 represents the mechanism of photocatalytic 
decomposition of methylene blue and indigo carmine dyes 
by the Li3BO3/CuO nanocomposite. Ultraviolet light falls 
on the Li3BO3/CuO nanocomposite, causing some electrons 
to move from the valence band to the conduction band in 
both Li3BO3 and CuO compounds. As a result, electrons 
are created in the conduction band, while holes are created 
in the valence band. The combination of Li3BO3 with CuO 
prevents fast recombination of holes/electrons and thus 
increases the efficiency of photocatalytic decomposition 
of indigo carmine and methylene blue dyes, as clarified in 
scheme 2. The holes interact with the negative hydroxide 
ions to form hydroxyl free radicals (OH.). Also, the elec-
trons react with oxygen to form oxygen anion free radicals 
(O2.−). Besides, oxygen anion free radicals interact with 
hydrogen ions to form peroxide free radicals (HOO.), which 
turn into hydroxyl free radicals in the presence of ultravio-
let light. Finally, the formed hydroxyl free radicals work to 
degrade the indigo carmine and methylene blue dyes and 
convert them into non-toxic gases such as carbon dioxide 
and water [25, 70–72]

To confirm the previous mechanism, ascorbic acid was 
used as a scavenger for electrons and oxygen anion free 
radicals. Also, ethylenediaminetetracetic acid disodium salt 
dihydrate and isopropyl alcohol were used as scavengers for 
holes and hydroxyl free radicals, respectively. Figure 8 A-B 
represents the relation between the decomposition percent-
age of indigo carmine and methylene blue dyes and scav-
engers, respectively. The photocatalytic decomposition 
percentage of methylene blue dye in the absence of scaven-
gers is 93.03%. Besides, the photocatalytic decomposition 
percentage of methylene blue dye in the presence of ascor-
bic acid, ethylenediaminetetracetic acid disodium salt dihy-
drate, and isopropyl alcohol scavengers is 75.63, 48.44, and 
26.90%, respectively. The photocatalytic decomposition 
percentage of indigo carmine dye in the absence of scaven-
gers is 89.12%. Besides, the photocatalytic decomposition 
percentage of indigo carmine dye in the presence of ascor-
bic acid, ethylenediaminetetracetic acid disodium salt dihy-
drate, and isopropyl alcohol scavengers is 67.97, 39.45, and 

radicals. Therefore, the optimal value, for obtaining the 
highest decomposition percentage of the indigo carmine and 
methylene blue dyes, is 0.05 g.

3.2.4 Influence of Initial Dye Concentration

Figure 7 shows the relationship between the initial con-
centration of indigo carmine and methylene blue dyes 
and the photocatalytic decomposition percentage. In the 
case of methylene blue dye, when the initial concentra-
tion is increased from 15 to 35 mg/L, the photocatalytic 

Fig. 7 The effect of the initial dye concentration on the photocatalytic 
decomposition percentage of 100 mL of indigo carmine (at pH 3) or 
methylene blue (at pH 9) dyes after 90 min using 0.05 g of the synthe-
sized nanocomposite

 

Fig. 6 The effect of the amount of nanocomposite on the photocatalytic 
decomposition percentage of 100 mL of 25 mg/L indigo carmine (at 
pH 3) or methylene blue (at pH 9) dyes after 90 min
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carmine and methylene blue dyes, as shown in scheme 2 
[70].

3.2.6 Comparison between the Photocatalytic 
Decomposition Percentage of Studied Dyes using the 
Li3BO3/CuO Nanocomposite and that of other Catalysts in 
the Literature

The decomposition percentage of methylene blue dye 
using the synthesized Li3BO3/CuO nanocomposite was 
compared with that of other catalysts in the literature such 
as, TiO2/CeO2 nanocomposite, CdS/TiO2 nanocomposite, 
CeO2/g-C3N4 composite, and Ca/ZnO composite, as shown 
in Table 1 [73–75]. In addition, the decomposition percent-
age of indigo carmine dye using the synthesized Li3BO3/CuO 
nanocomposite was compared with that of other catalysts 
in the literature such as, ZrO2, ZrO2/multiwalled carbon 
nanotube composite, ZnO, and CoFe2O4/SnO2 composite, 
as shown in Table 2 [76–78]. As it is clear from the results, 
the synthesized nanocomposite has the highest efficiency.

4 Conclusions

Lithium borate/copper oxide nanocomposite was facilely 
synthesized using the pechini sol-gel chemical method for 
the efficient photocatalytic decomposition of indigo car-
mine and methylene blue dyes. The lithium borate/copper 
oxide nanocomposite was exposed to ultraviolet light, and 
hence electronic transitions occur from the valence band to 
the conduction band, which results in holes and electrons, 
which in turn produce free radicals that break down the 
indigo carmine and methylene blue dyes. The combination 
of lithium borate with copper oxide prevents fast recombi-
nation of holes/electrons and thus increases the efficiency 
of photocatalytic decomposition of indigo carmine and 

14.63%, respectively. Hence, the results proved that there 
was a decrease in the degradation percentage, which con-
firms the role of hydroxyl free radicals, oxygen anion free 
radicals, electrons, and holes in the decomposition of indigo 

Fig. 8 The effect of scavengers on the decomposition percentage of 
100 mL of 25 mg/L of methylene blue (A) and indigo carmine (B) dyes 
using 0.05 g of the synthesized nanocomposite

 

Scheme 2 The mechanism of 
photocatalytic decomposition 
of methylene blue and indigo 
carmine dyes by the Li3BO3/CuO 
nanocomposite
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