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Abstract

The release of pollutants into the environment has increased significantly as a result of the widespread use of paints
in various industries. The reactive black 5 (RB-5) is one of the most popular azo-based dyes, it's also one of the most
commonly used synthetic dyes in the textile industry because of its azo group (N=N). Since this chemical is toxic and
has a severe impact on the environment, it's essential to eliminate it from the environment. The objective of this
research was to create and characterize Mn203-CuO nanocomposites using extracts from Spirulina, then utilize them
to degrade the color of the dye RB5 in polluted water. Mn203 nanoparticles were created by the coprecipitation
method, then copper oxide was created using Spirulina's extracts in conjunction with Mn203 nanoparticles. The
resultant Mn203-CuO nanocomposites were then studied by X-ray diffraction (XRD), field emission scanning electron
microscopy (FESEM), and energy dispersive X-ray analysis (EDX). Under the most beneficial conditions, the pH was 5,
the amount of Mn203-CuO was 40 mg, and 120 minutes of lightning had a greater than 90% removal of the color from
the water sample. Additionally, the composed nanomaterial could be utilized for at least four cycles without a
significant loss of its photocatalytic capabilities.
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1. Introduction aesthetics, but also harm the ecosystem and human
health [3]. Reactive Black 5 (RB5) is a synthetic reactive
azo dye commonly used in the textile industry for fabric
dyeing. RB5 is of special concern because of its toxicity,
mutagenicity, low biodegradability, and possible
carcinogenicity [4]. Therefore, minimising or eliminating
the discharge of colored wastewater is crucial for

Increased chemical production in numerous sectors,
combined with a fast-rising population, has increased
worldwide water contamination. Wastewater created
by the textile, leather, pharmaceutical, and paper sectors
is commonly polluted with a variety of colours. Textile
manufacture is a major contributor to dye pollution,

since even modest dye concentrations (less than 1 ppm) environmental  conservation and public health.

Conventional procedures such as adsorption[5-9],
filtration[10, 11], biodegradation[12] and
coagulation[13, 14] have been utilised to remediate dye-

may substantially degrade the transparency, gas
solubility, and general cleanliness of rivers, lakes, and
other water bodies [1, 2]. Azo dyes include nitrogen
double bonds (N=N) in their chemical structure and contaminated water. However, the chemical stability of
account for more than 70% of the worldwide dye

industry. They are extensively employed as reactive

dyes often limits the effectiveness of these treatments
and leads to challenges such as high cost, incomplete

dyes. The brilliant colors of wastewater not only impact degradation of pollutants and the mere transformation
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of pollutants from liquid to solid phase, resulting in
secondary wastes that require further treatment. In
contrast, photocatalysis has developed as an efficient
approach for dye degradation in recent decades [15, 16].
In particular, photocatalytic oxidation technology has
garnered considerable interest because to its capacity to
effectively mineralize a range of contaminants utilising
sustainable solar energy and the added benefit of
photocatalyst
photocatalytic degradation pathway contains many

recycling and regeneration. The

essential steps: (1) Photon absorption and electron
excitation: When a semiconductor photocatalyst is
subjected to incoming light with sufficient energy (hv), it
absorbs radiation, causing electrons in the valence band
(e”) to be excited and migrate to the conduction band.
This process leaves behind positively charged vacancies,
so-called photogenerated holes (h*). (2) Redox reactions
and production of reactive oxygen species (ROS): Excited
electrons and holes engage in redox reactions at their
respective energy levels. In the conduction band,
electrons (e”) combine with oxygen (O;) to create
At the
photogenerated holes (h*) in the valence band combine

superoxide radicals (Oje7). same time,
with hydroxide ions (OH") or water molecules to make
hydroxyl radicals (¢OH). (3) Pollutant degradation:
Reactive radicals (¢OH, O,¢~) and photogenerated holes
(h*) are potent oxidants that engage with pollutant
molecules and degrade their chemical structures into
less hazardous oxidation products [16]. Among many
metal oxides, copper oxide (CuO) has gained extensive
interest owing to its exceptional features as a p-type
semiconductor (band gap of 1.2 to 2.0 eV) [17]. The
monoclinic structure of CuO shows exceptional physical
and chemical characteristics, including outstanding
thermal stability, electrical conductivity, and redox
potential. Its structure comprises of 3d and O2p orbitals
that contribute to the conduction band (CB) and valence
band (VB) edges, resulting in a narrow band gap that
promotes the maximal production of reactive oxygen
species (ROS) [18]. CuO photocatalysts not only have a
high redox potential, but also can efficiently release OH
and O; radicals, which are critical for photodegradation
[19]. CuO nanoparticles (NPs) have been produced
utilising several chemical and physical approaches [20].
Among these, green synthesis is a basic, ecologically
friendly process that generally employs plants or
microorganisms to accomplish non-toxic and sustainable

manufacturing. A famous example is Spirulina, a

member of the blue-green microalgae (cyanobacteria)
family that is prevalent in tropical and subtropical lakes
with high carbonate and bicarbonate levels. [21].
Recently, this alga has been exploited for the
biosynthesis of metal nanoparticles such as silver and
gold [22, 23]. The purpose of the proposed research
project is to manufacture Mn,03-CuO nanocomposites
and assess their
degradation of RB5.
microscopy (FESEM), energy dispersive X-ray analysis
(EDX), and X-ray diffraction (XRD) were then utilised to
characterize the produced

establish the best conditions.

efficacy in the photocatalytic

Field emission scanning electron

nanocomposites and

2. Experimental
2.1. Instruments

The concentration of the RB5 dye was determined using
a 2100 UNICO
spectrophotometer

single-beam  ultraviolet-visible
(China). The

spectrum was recorded with a 1 cm wide quartz cell. The

ultraviolet-visible

pH of the solution was recorded using a digital pH meter
that is Switzerland-owned: the 827 model. The shape
and composition of the adsorbent were confirmed using
a TESCAN BRNO-Mira3 LMU field emission microscope
(FESEM) with an EDX system, and X-ray diffraction
analysis was conducted using a D8 Bruker device (U.S.A).
The adsorbent was separated from the sample solution
by using a centrifuge (Andreas Hettich D72, Germany).

2.2. Chemicals

The Dye RB5 (Merck, Germany) was made in deionized
water at a concentration of 1000 mg/l. More dilute
solutions are possible by reducing the concentration of
the stock solution. Manganese chloride tetrahydrate
(MnCly-4H,0, 99.0%), ethylenediaminetetraacetic acid
(EDTA, 99.5%), and copper sulfate pentahydrate
(CuSO4:5H,0, 99.5%) were purchased from Merck,
Germany. The solution's pH was altered using a mixture
of nitric and sodium hydroxide that was Dilute (0.1
mol/l)..

2.3. Synthesis of nanomaterial
2.3.1. Preparation of Spirulina algae extract

The dried Spirulina was preserved in a plastic container
and then ground it into a small powder using a mill.
Around 10 g of algae powder was incorporated into 100
ml of deionized water in a conical vessel and the mixture
was heated to 75 degrees Celsius for 20 minutes in order
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to release the chemical compounds present in the algae.
The extract was subsequently refrigerated and passed
through Whatman paper to be filtered. The final extract
was employed to create CuO NPs..

2.3.2. Synthesis of Mn,03; NPs

Mn,03
coprecipitation method. The solution with 0.2 mol/| of
MnCI2.4H,0 and EDTA was made in deionized water. 4
parts per 10,000 of NaOH were added to the solution in

nanoparticles were created by the

small quantities until the pH reached 12. The solution
was then stirred at 70 degrees Celsius for 2 hours, the
resulting  precipitate was then collected by
centrifugation and washed three times with deionized
water. The manufactured nanoparticles were dried at
90°C for 24 hours and then heated in an oven at 550°C
for 6 hours. The manufactured NPs of Mn were used to

create MnO-CuO nanocomposites.
2.3.3. Synthesis of Mn,0s-CuO nanocomposite

To create the Mn203-CuO composite, the previously
prepared Mn203 NPs were first sonicated in 50 ml of
distilled water. Later, 10 ml of a solution with a
concentration of 0.5 mol/l CuSO4.5H20 was added to
the mixture and stirred for 10 minutes. Next, 20 ml of
Spirulina's extract was added to the mixture and stirred
for another 3 hours. After this, the resulting Mn203-CuO
composite precipitate was separated by centrifugation
at 6000 rpm and then washed three times with deionized
water. Ultimately, it was placed in an oven at 500
degrees Celsius for 3 hours and dried out and heated to
create the Mn203-CuO composite.

2.3.4. Photocatalyst degradation procedure

Photocatalytic experiments were conducted to
investigate the deterioration of the pollutant RB5 in
water. A 300-watt xenon lamp that was located in a
cylindrical trap made of quartz was employed as the sole
light source for the solar system. For this endeavor, 30

ml of the RB5 solution was placed in a dual-walled flasks

and different amounts of photocatalyzer were added to
the solution. During the experiment, the aqueous
solution with RB5 and the prepared nanostructures was
stirred at a temperature of 25 °C. Photocatalytic
experiments were conducted at different concentrations
of pollutant and at different pH values between 3 and 9
in order to determine the effect of the sample's pH and
RB5 concentration on the catalytic ability of the prepared
photocatalyst. After a designated amount of time with
the light source, 5 ml of the suspension was collected and
after centrifugation to separate the photocatalyst
particles, its absorbance was measured at a specific
wavelength of 599nm wusing a UNICO 2100 UV
spectrophotometer. The percentage of the pollutants
that were degraded by the photocatalytic process was
determined using the following formula.

Removal Efficiency = % x 100
(o]

Equation 1

3. Results and Discussion
3.1. Characterization of Mn,03-CuO nanocomposite

XRD is a powerful technique for determining the crystal
structure. The X-ray spectrum of Mn203 particles is
demonstrated in Figure 1. The results demonstrate that
the peaks at 20 values of 22.5, 32.6, 39.0, 44.9, 49.0,
54.0, and 65.5 correspond to (121), (222), (004), (332),
(341), (404), (161) and (226) phases, respectively,
indicating that orthorhombic Mn203 particles (JCPDS
card 73-1826) were successfully produced [24, 25]. Also
depicted in figure 2 is the XRD spectrum of the Mn203-
CuO composite. The results demonstrate that the peaks
of CuO are at 20 values of 35.5, 39.0, 49.0, 65.5 and 67.5,
which correspond to the (111), (200), (-202), (022) and
(113) planes, respectively. This indicates that CuO is
present in the material's composition [26, 27].
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Fig. 1. XRD spectrum of the synthesized Mn;03; NPs
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Fig. 2. XRD spectrum of the synthesized Cu0-Mn,0s; nanocomposite

Figure 3(a, b) depicts the FESEM images of the converted into CuO NPs using a green-based method,
manufactured Mn,0; NPs and Mn,03-CuO composites. their shape was completely altered, as demonstrated in
The results indicate that the size of Mn203 NPs is around Figure 3b.

100nm (Figure 3a). However, after the Mn203 NPs were
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Fig. 3. FESEM images of the synthesized Mn,0s; (a) and Mn;0s-CuO nanocomposite (b)

Additionally, the EDX spectrum of the manufactured
Mn,03-CuO composite is demonstrated in Figure 4, the
results show that copper peaks are present at 8.95, 8.04,
and 0.93 keV, oxygen peaks are present at 0.52 keV, and
manganese peaks are present at 5.89 and 0.63 keV,

which indicates that the
manufactured Mn,03-CuO composite contains these
components. The lack of additional peaks in the EDX
spectrum  also

composition of the

suggests that the composed

nanocomposite is highly pure.
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Fig. 4. EDX spectrum of the synthesized Mn,03-CuO nanocomposite
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3.2. Effect of pH

To examine the effect of pH on the effectiveness of RB5,
the pH of solutions in the range of 3-9 was examined. As
demonstrated in Figure 5, the removal efficiency
decreased at alkaline pHs due to the repulsion between
the like charges of the nanocomposite and the RBS5, this
is consistent with the pHZPC results ( Figure 6). The
results demonstrated that the efficiency of the dye in the

100 -

90 A

Removal Efficiency (%)

removal of the acidic and basic groups was the greatest
at pH 5-6, and the removal efficiency was around 91% at
pH 5. Additionally, at acidic pHs (pHs < 4), the decrease
in efficiency of removal can be attributed to the
neutralization of the charge on the surface of RB5, as
well as the decreased rate of diffusion of RB5 to the
surface of the Mn,03-CuO composite. As a result, pH 5
was chosen as the most effective value in this research.

80 -
70 -
60 -
50 -
40
30 -
20 -
10 -
0
3 4 5

6 7 8 9

pH

Fig. 5. Effect of pH on the removal efficiency of RB5 dye. Conditions: 10 mg/L RB5, 40 mg Mn,03-CuO
nanocomposite and t=120 minutes.
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Fig. 6. Zeta potential results for Mn,03;-CuO nanocomposite

3.3. Photocatalyst Dosage

To study the effect of the amount of photocatalyst in the
samples on the removal of the dye RB5, different
amounts of photocatalyst were added to the samples
ranging from 10 to 50 mg as shown in Figure 7. It was
observed that the removal efficiency increased from
about 39% to 92% as the amount of Mn,03-CuO
increased from 10 to 40 mg, and then decreased

100 -

Removal Efficiency (%)
= N W B U1 O N 0 O
O O O OO O O O O
| | | | | | | | |

o

marginally. The increase in the volume of nanomaterials
led to an increase in the efficiency of removal because of
the increase in the number of active sites and enhanced
photodegradation. However, the decrease in removal
efficiency at higher concentrations of nanoparticles (50
mg) may be attributed to the increase in solution
turbidity, which decreases the transmission of light. As a
result, 40 mg of Mn,03-CuO composite was considered
the most effective dosage in this investigation.

10 20

30 40 50

Dosage of Mn,0;-CuO (mg)

Fig. 7. Effect of photocatalyst dosage on the removal efficiency of RB5 dye. Conditions: 10 mg/L RB5, pH=5 and
t=120 minutes.
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3.4. Effect of initial concentration of dye

Figure 8a illustrates the effect of the initial concentration
of dyes (10, 20, and 30 mg/l) on the rate of
photodegradation. The results indicate that over 90% of
the dye can be removable in 120 minutes. Conversely,
the efficiency of photocatalytic removal decreases as the
concentration of the dye increases over a given period of
time, this may be due to the filling of active sites by the
dye molecules. Figure 8b also demonstrates that the
chemical mechanism of RB5 photodegradation follows
the first-order model of chemical kinetics (Equation 2).

Ln(Ct/Co)= -kt

Equation 2

In Formula 2, the parameter K; is the rate constant (min-
1), and its values for different concentrations of RhB are
listed in Table 1. It's apparent that the initial amount of
the adsorbate has an effect on the reaction rate, as a
result, the pollutant's concentration increases, the
degradation rate decreases.

30 - -0-10 ppm
25 2 =0-20 ppm
= 30 ppm
220 -
£15 |
510 -
5 -
0 1 1
0 50 100 150 200
t (min)
Ln Ct/CO

IJMSDH

162



[JMSDH, (2025)
www.ijmsdh.org

PageNo0.155-166

160
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Fig. 8. (a) The effect of initial RB5 concentration on the rate of dye degradation. (b) Pseudo-first-order reaction for
RB5 degradation by Mn,03-CuO nanocomposite (pH = 5, m=40 mg)

Table 1. Rate constants for Mn,0s;-CuO nanocomposite at different concentration of RB5

(pH =5, m = 40 mg)

Co (mg/L) 10 20 40
K1 (min™) 0.0183 0.0164 0.0126
R? 0.97 0.95 0.96

3.5. Reusability

To assess the recyclability of the generated
photocatalyst for the removal of RB5, the MnO 3-CuO
composite was evaluated for five cycles of photocatalytic
degradation (see Figure 9). The efficiency of the
photocatalytic process for the Mn20 3 -CuO composite

remained mostly unchanged after four cycles, this
indicates that the composite can be repeated multiple
times to remove the photocatalytic dye RB5. However,
the decrease in the fifth cycle may be attributed to the
filling of the active sites of the nanomaterials with the
analytes.
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Fig. 9. The reusability of Mn,03-CuO nanocomposite photocatalysts in consecutive cycles (pH =5, m=40 mg, t =

120 min)

4. Conclusion

In this study, Spirulina was used as a green extract and a
green method was used to successfully synthesize
Mn203-CuO nanocomposite. After characterization by
FESEM, EDX, and XRD analysis, it was used as a
photocatalyst for the degradation of dye RB5. By
optimizing the parameters affecting the removal
efficiency, it was found that when the pH value was 5 and
the adsorbent dosage was 40 mg, more than 90% of the
dye RB5 could be removed within 120 minutes under
visible light irradiation. According to the results of this
study, Mn203-CuO nanocomposite can be successfully

used to remove dye RB5 from water samples.
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