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ABSTRACT
Al2S3, Al2S3/NiS nonmaterial’s has been synthesized by electrochemical method which is simple and
inexpensive method. The synthesized Al2S3, Al2S3/NiS nonmaterial’s was used as a photocatalyst for
the degradation of Methylene blue dye under sunlight. Nonmaterial’s synthesized by electrochemical
method were characterized by various techniques such as SEM-EDAX, UV-Visible spectroscopy, FTIR spectrum and X-ray diffraction studies. The UV-Vis spectroscopy study revealed that the band gap
energy of Al2S3/NiS nanocomposite to be 2.77eV by Tauc plot. The presence of Aluminium, Nickel and
Sulphur in the nanomaterial is confirmed from the EDAX spectrum. A FT-IR spectrum reveals the
presence of characteristic band corresponds to aluminium and nickel sulfides. The structure of
Al2S3/NiS nanocomposite was found to be hexagonal structure and crystal size was found to be 32 nm
which was confirmed from XRD data.
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INTRODUCTION
Nanomaterials are being pursued extensively because of their crystal structures, optical, magnetic,
electrical and catalytic properties, structure, size and shape dependent [1-4]. It is known that metal
sulfides exhibited interesting electronic properties and achieved several technological applications [5].
Environmental pollution associated with organic pollutants provide the impetus for sustained
fundamental and applied research in the area of environmental remediation. Semiconductor acts as
photocatalyst, which offers the potential for complete elimination of toxic chemicals through its
efficiency and potentially broad applicability [6]. Effluents from textile, paper, and agro-industries are
contaminated with chemicals such as dyes, phenols, and pesticides [7]. Dye-related industries such as
textile, release various organic pollutants to the atmosphere. If these pollutants are discharged into the
environment without any treatment, it will cause considerable toxicity to the various forms of lives. In
order to get rid of this potential danger of these organic dyes, many technologies have been developed
to treat these pollutants. Photocatalysis is an alternative route for water purification [8].
Aluminumsulfide, Al2S3, is a colorless solid with a variety of crystalline structures [9]. Transition
metal (TM) sulfides exhibit interesting optical, electronic, thermoelectric and photoelectric properties
[10, 11]. Nickel sulfide (NiS) an important member of this large family of transition metalsulfides
with a band gap 4.8eV and 2.8eV [12]. Different methods have been used in the literature for the
synthesis nanomaterials. Besides traditional methods of their production such as solvothermally [13],
solid state reactions [14], solution synthesis [15] and electrochemical methods have widely employed
in the synthesis of various nanoparticles [16]. Electrochemical method is preferred method, which is
simple, reliable and inexpensive method [17, 18].
In this article, synthesis of Al2S3 and Al2S 3/NiS nanomaterials and their application in the
photodegradation of Methylene blue dye[MB] was reported.

MATERIALS AND METHODS
All chemicals used in this work were of accepted grades of purity. Al and Ni metal wires, Sodium
Bicarbonate purchased from Alfa-Aesar and Indigo carmine dye from Merck. All solutions were
prepared in double distilled water. Optical absorption spectra were recorded at room temperature, on
JASCO- UV-Vis spectrophotometer. The crystallographic interpretations were performed by X-ray
diffractometer (Rigaku miniflex II desktop X-ray diffractometer), using Cu/kα wavelength (λ=1.54Å).
The morphological feature of the semiconductor was observed by scanning electron microscopy
(Zeiss Evo LS15). The elemental analysis of the nanoparticles is confirmed, from Energy dispersive
X- ray analysis (EDAX), recorded on HITACHI S-3400N JAPAN.

Figure 1. Electrochemical synthesis of Al2S3 andAl2S3/NiS nanomaterials.
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Electrochemical synthesis of Al2S3 and Al2S3/NiS nanomaterials: Al2S3 and Al2S3/NiS
nanomaterials were synthesized by electrochemical method. For the synthesis of Al2S3 nanomaterial
Al metal wire is used as anode and platinum electrode is used as cathode. The experiment was run for
3h (20mA, 10V) (Figure 1). The anodic dissolution of Al to give Al(III) ions which are
electrochemically reacted with aqueous Na2S (0.2M) to form Al(III) sulphides as shown in scheme 1.
Likewise, for the synthesis of Al2S3/NiS nanocomposite, Ni and Al metal wires are used as anodes
and platinum electrode as cathode. The experiment was run for 3h with continuous stirring (20mA,
10V).The anodic dissolution of Al and Ni to give Al(III) and Ni(II) ions which are electrochemically
reacted with aqueous Na2S (0.2M) to form nanocomposite of Al(III) and Ni(II) sulphides in scheme 2.
The solid obtained in both the scheme was washed with double distilled water till complete removal
of unreacted Na2S. Then the solid is centrifuged and calcined for 2 h from 700C to 900C for
dehydration and for the removal of sulphur and other impurities to get Al2S3 and Al2S3/NiS [16, 23,
31].
The rate of electrochemical reaction is not same for all the metals, as the redox potential of Al and
Ni is different. The rate of dissolution for Al (-1.706V) is faster than Ni (-0.23V) so that higher
portion of Al(III) or Al2S3 is formed than Ni(II) or NiSin Al2S3/NiS nanocomposite. The
electrochemical reaction takes place according to the following mechanism.

2Al

2Al3+ + 6e-

3Na2S

6Na+ + 3S2-

2Al3+ + 3S2-

Scheme 1

Al2S3
Ni+2 + 2e-

Ni

2Na+ + S2-

Na2S

Scheme 2
Ni+2 + S2-

NiS
Al

The overall reaction is, Ni
Na2S

Al2S3/NiS
nanocomposite

Scheme 1 and 2. Reaction for the formation of Al2S3 andAl2S3/NiS nanomaterials.

Determination of Photocatalytic activities: Methylene Blue (MB) solution was prepared by
dissolving g 100 mL-1 in distilled water. This solution was then used as a test contaminant for
investigating photocatalytic activities of the synthesisedAl2S3 andAl2S 3/NiS nanomaterials. The
evaluation was carried out sunlight in order to investigate the efficiency ofAl2S3 andAl2S3/NiS
nanomaterials. Chemical oxygen demand (COD) was estimated before and after treatment using
dichromate oxidation method [22, 32]. The increase in percent transmission and decrease in COD (m/
L-1) of the dye solution with color removal was observed to be more in Al2S3 compared to Al2S3/NiS
nanocomposite. The COD has obtained by using the equation (1).
(Blank - Sample) × NFAS × 8000
COD = -----------------------------------------Vsample
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RESULTS AND DISCUSSION
Scanning Electron Microscope (SEM): The surface morphology of Al2S 3 and Al2S3/NiS
nanomaterials were investigated by SEM. The SEM morphology (Figure 2) revealed that sample
consist of aggregation of particles with spherical and hexagonalcrystal like structure. The EDAX
confirms the presence of Al, Ni and S in the synthesized Al2S3 and Al2S3/NiS nanomaterials (Figure
3).

Figure 2. SEM images of Al2S3 and Al2S3/NiS nanomaterials.

Figure 3. EDAX of Al2S3 and Al2S3/NiS nanomaterials.

X-ray diffraction: X-ray diffraction (XRD) peaks of Al2S3/NiS matched with the hexagonal
structure. Al2S3/NiS powder showed high intensity diffraction peaks (101), (102), (110), (006), (113),
(116), (300), (119) at 2 theta = 16.7, 18.8, 27.8, 30.0, 31.4, 41.4, 49.2 and 54.4 (JCPDS Card # 00047-1313) (Figure 4) [21,22].

www. joac.info

618

K. P. Samskruthi et al

Journal of Applicable Chemistry, 2021, 10(5):615-627
Figure 4. XRD patterns of Al2S3/NiS nanocomposite.

The following Debye Sherrer formula was used to determine the average size of the Al2S 3/NiS
nanocomposite and confirmed from the Willamson-Hall plot.
D = 0.9λ/β cosθ ....(2)
Where, λ is X- ray wavelength, β is the full width at half maximum and θ is the Bragg angle [23]. The
average grain size calculated from the above formula was found to be about 32 nm.
FT-IR Analysis: Fourier transform infrared (FTIR) analysis was performed to confirm the presence
of functional groups on the surface of samples. Figure 5 represents the IR spectrum of the Al2S3 and
Al2S3/NiS nanomaterials. Peak at 1115 cm−1 is asymmetrical stretching assigned to sulphides [23],
while bands at 394, 419, 442, 668 and 765 (symmetrical stretch) and 1060 cm−1 (asymmetrical
stretch) are assigned to sulfides, which indicates the presence of nanosized NiS [24, 25].

Figure 5. FTIR spectrum ofAl2S3 and Al2S3/NiS nanomaterials.

UV-visible spectrum: UV-Visible spectrum of Al2S3/NiS over the range of 200-400 nm showed
that the synthesized nanoparticles are photoactive under visible light irradiation. The band gap of
Al2S3/NiS was calculated using Tauc plot (Figure 6). For a semiconductor sample, it is possible to
determine the optical absorption near the band edge by the equation, αhν = A(hν-Eg)n/2 where α, h, ν,
Eg and A are absorption coefficients, plank’s constant, radiation frequency, band gap and a constant
respectively. The n value decides the characteristics of the transition in a semiconductor being 1 or 4
respectively, for a direct or an indirect semiconductor. In order to get an accurate value of the band
gap of solids, it is neccesary to construct a (αhν)1/2 versus hν also called Tauc plot [24]. From the
optical absorption spectra it is clear that synthesized Al2S3/NiS nanocomposite has showed the
maximum intensity peak at 447 nm. The band gap of the samples Al2S3 and Al2S3/NiS is calculated
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using Tauc plot by plotting (αhν)1/2 v/s hν and it is found to be 2.5eV and 2.77eV respectively. The
band gap of NiS (3.75eV) and Al2S3/NiS is higher than that of Al2S3. This supports lower
photocatalytic efficiency of Al2S3/NiS nanocomposite compared to Al2S3aftertheformation of
Al2S3/NiS nanocomposite [29, 30].

Figure 6. UV spectra ofAl2S3, Al2S3/NiS and NiS nanomaterials.

Determination of photo catalytic activities: Photo degradation assisted by semiconductor depends
on various parameters like nature and concentration of the organic substrates, concentration and type
of semiconductor, light source and intensity, pH, temperature [18]. Photo degradation experiments
were carried out using different concentration of Methylene blue dye as substrate and different
amounts of Al2S3 and Al2S3/NiS nanomaterials as a photocatalyst. A calculated quantity of the catalyst
was added to the dye solution. Stirred in the dark to establish equilibrium between the dye and
nanoparticle molecules and then illuminated under sunlight to induce the photochemical reaction.
Aliquots were taken at an interval of 30min to determine the change of %T using Elico SL 171 (g%)
was calculated as follows [20,33].

Photodegradation efficiency

Initial COD-Final COD
= -------------------------------- × 100
Initial COD

.... (3)

Effect of Catalyst Loading: The experiments were performed by taking different amount of catalyst
varying from 1.0 mg to 4.0 mg in order to study the effect of catalyst loading. The study showed that
increase in catalyst loading from 1.0 mg to3.0 mg increased dye removal efficiency. Further increase
in catalyst above 3.0 mg decreased the photoactivity of the catalyst, which is due to the aggregation of
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Scheme 3. Mechanism for the photo degradation of dye.

nanoparticles at high concentration causing a decrease in the number of surface active sites and
increase in the opacity and light scattering of Al2S3 and Al2S3/NiS nanomaterials at high
concentration. This tends to decrease the passage of light through the sample. Further, the present
study indicates, from economic point of view, the optimized photocatalyst loading is 3.0 mg 20 mL-1
(Figure 7 and 10, Table 1 and 2).
Table 1. Results of photodegradation of MB using Al2S3 nanomaterial

Variation
Amount of catalyst
(2×10-5M dye)
Concentration of
dye (0.02gcatalyst)

pH
(2×10-5M dye
0.02g catalyst)
Re-use of catalyst
(0.02g)

Rate
constant
k s-110-5
5.75
6.91
8.82
5.37
8.83
6.91
6.14
5.76
3.0
2.3
5.4
3.0
6.52

Amount of
catalyst/dye
0.01g
0.02g
0.03g
0.04g
1×10-5M
2×10-5M
3×10-5M
4×10-5M
4
6
8
10
2×10-5M

Experimental
Time
(min)
210
180
150
210
90
180
210
210
210
210
210
210
180

COD values in mg mL-1
Before
After
degradation
Degradation
121
914
98
75
118
823
89
914
103
1123
182
1256
221
914
142
914
168
914
121
914
141
914
110

2

86.8
89.2
91.7
87.1
89.2
88.6
83.8
82.4
84.5
81.6
86.8
84.6
87.9

1000

COD in mg L-1

1.9

log %T

Degradation
Efficiency (%)

1.8
1.7
1.6
1.5
0

100

Time in min
1mg

2mg

200

3mg

300
4mg

500
0
20

30

40

50

Amount of catalyst in mg
Before degradation

After degradation

(a)
(b)
Figure 7. Plot of Log%T Vs Time for Different Amounts of catalyst (a) and Effect of COD upon degradation
(b) using Al2S3nanomaterial.
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Effect of concentration of dye on degradation: The reaction was performed with different
concentration of Methylene blue dye with constant weight of Al2S3 and Al2S3/NiS catalyst. The
change in concentration of the Methylene blue was recorded by change in colour using
Spectrophotometer. A plot of log%T (percent transmittance of light) versus time was linear and
follows first order kinetics (Figure 8 and 11). The rate constant values are tabulated in table 1and 2
and the reaction rate decreases with increase in concentration of MB. This is because with increase in
the dye concentration, the solution becomes more intensely colour and the path length of the photons
entering the solution is decreased thereby few photons reaches the catalyst surface. Hence the
production of hydroxyl radicals is reduced. Therefore the photodegradation efficiency is reduced. The
COD for MB solutions before and after degradation were measured and given in Table 1 and 2. To
account for the mineralization of dye COD was determined at different stage. The formation of
different radical species during photodegradation is given in scheme 3. The dye was found to have
mineralized into H2O, CO2 and simpler inorganic salts [18, 19], after being irradiated for 3and 1/2 h
using Al2S3 and Al2S3/NiS photocatalyst. Al2S3/NiS catalyst shows no reaction at 3×10-5M and 4×10-5
M concentration of dye.
Table 2. Results of Photodegradation of MB using Al2S3/NiS nanomaterial

Variation
Amount of
catalyst

Concentration
of dye
(0.02g catalyst)

Amount of catalyst/
dye
0.01g
0.02g
0.03g
0.04g
1×10-5M
2×10-5M
3×10-5M
4×10-5M

Rate
constant
k s-1 10-5
2.30
3.07
4.61
1.92
4.22
3.07
-

210
180
180
210
150
180
-

Degradation
Efficiency (%)

192
178
157
241
153
178
-

914

823
914
1123
1256

2.2

78.9
80.5
82.8
77.0
81.4
80.5
-

1500

2

1000

1.8
1.6
1.4
1.2
0

100
Time in min
1×10-5M
3*10-5M

200

300

COD in mg L-1

log %T

COD values in mg mL-1
Before
After
degradation degradation

Experimental
Time
(min)

2*10-5M
5*10-5M

500
0
1

2

3

4

Concentration of dye in 10-5N
Before degradation

After degradation

(a)
(b)
Figure 8. Plot of Log%T Vs Time for Different Initial Concentration of Dye (a) and effect of COD upon degradation (b)
using Al2S3 nanomaterial.

When the visible light strikes the surface of the Al2S3/NiS a valance band electron moves into the
conduction band thus forming a positively charged hole in the valance band. The conduction band
electrons and the valance band holes then migrate to the oxide surface and react with chemisorbed O2
and/or H2O molecules to generate reactive oxygen species such as O2-, HO2, OH radicals, which
attack dye molecules and lead to their degradation. On the other hand, the electron in the conduction
band can be picked up by the adsorbed dye molecules, leading to the formation of dye radical anion
and subsequent reaction of the radical anion can lead to the degradation of dye. In addition, the
adsorbed dye molecules may be directly oxidized by the valance band holes to form dye cations
which ultimately cause dye degradation. Doping of NiS to Al2S3 retards the photo degradation and
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hence Al2S3/NiS acts as material used for the blackening of sunlight/UV light. The efficiency of
photodegradation may be explained by the ability of photocatalyst to trap electrons [26, 27].
Effect of pH: The solution pH is an important variable in the evaluation of aqueous phase mediated
photocatalytic reactions. The pH of the solution was adjusted by adding 0.001 M HNO3 or 0.001 M
NaOH solution. The effect of pH was studied at pH 4, pH 6, pH 8 and pH 10 by keeping all other
experimental conditions constant. The results are illustrated in figure 9 and tabulated in table 1. The
rate of degradation is observed to be slow at pH 6 and high at pH 8. Results of COD effects are
illustrated in figure 9. The optimum selected is pH 8 at which photodegradation is high in case of
Al2S3 catalyst but in case of Al2S3/NiS catalyst no photodegradation occurs irrespective of any pH
range.

1000

1.8

COD in mg L-1

log %T

1.9

1.7
1.6
1.5
0

50

500
0
4

100
150
200
250
Time in min
pH = 6
pH = 8
pH = 10

pH = 4

6

Before degradation

8

pH

10

After degradation

1.75
1.7
1.65
1.6
1.55
1.5
1.45

COD in mg L-1

log % T

(a)
(b)
Figure 9. Plot of Log %T Vs Time for different pH of the Dye (a) and effect of COD upon degradation
(b) using Al2S3 nanoparticle.

0

50

100
150
Time in min
2mg
3mg

1mg

1000
500
0
1

200

2

3

4

Amount of catalyst in mg
Before degradation After degradation

4mg

(a)
(b)
Figure 10. Plot of Log%T Vs Time for Different Amounts of catalyst (a) and Effect of COD upon degradation
(b) using Al2S3/NiS nanomaterial.

COD in mg L-1

log% T

2
1.8
1.6
1.4

2000
1000

1.2
0

50
1mg

100
150
200
Time in min
2mg
3mg
4mg

0
1

2

3

Concentration of dye in

4
10-5N

Before degradation
After degradation
(a)
(b)
Figure 11. Plot of Log%T Vs Time for Different Amounts of catalyst (a) and Effect of COD upon degradation
(b) using Al2S3/NiS nanomaterial.
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Comparison of photocatalytic efficiency: The band gap of NiS (3.75eV) and Al2S3/NiS(2.77eV) is
higher than that of Al2S3. This supports lower photocatalytic efficiency of Al2S3/NiS nanocomposite
compared to Al2S3 after the formation of Al2S3/NiS nanocomposite. Hence, comparison of
photocatalytic efficiency of Al2S3/NiS nanomaterial with Al2S3 and NiS nanomaterials shows the
following order (Figure. 12, Table. 3).

log %T

Al2S3> Al2S3/NiS>NiS

0.6
0.5
0.4
0.3
0.2
0.1
0
0

50
Al2S3 np

100
Time in min
Al2S3/NiS np

150

200
NiS np

Figure 12. Comparison of photocatalytic efficiency.
Table 3. Rate constant and COD values on using Al2S3/NiS, Al2S3 and NiS nanomaterials
Nanomaterial
(2×10-5M dye
0.02g catalyst)
Al2S3

COD values in mg/ml
Before
After
degradation Degradation
914
101

6.90

Experimental
Time
(min)
180

Al2S3/NiS

3.07

180

914

181

80.1

NiS

0.69

180

914

432

47.3

Rate constant
k s-1 10-5

Degradation
Efficiency (%)
88.9

Reuse of the photocatalyst: The possibility of reusing the photocatalyst was examined to see the cost
effectiveness of the method. The used photocatalyst was filtered from the first solution and used for
fresh MB dye solution. The rate constant at 2×10-5M of dye concentration is using Al2S3 is 6.91 and
for reuse of catalyst is 6.52 (Table 1). It was observed that the photocatalytic efficiency was slightly
decreased to approximately 80% for the use of second time. Further use of the catalyst showed lesser
efficiency.

APPLICATION
The band gap of NiS (3.75eV) and Al2S3/NiS (2.77eV) is higher than that of Al2S3. This supports
lower photocatalytic efficiency of Al2S3/NiS nanocomposite compared to Al2S3 after the formation of
Al2S3/NiS nanocomposite. Hence Al2S3/NiS nanocomposite can be used as UV light/sunlight
blockening material.

CONCLUSION
In the present article Al2S3and Al2S3/NiS nanomaterialsare synthesized by electrochemical method an
eco-friendly method. The photo degradation by this semiconductor offers a green technology, for
removal of hazardous components (organic dyes) present in waste water and industrial effluents.
Kinetics of photo degradation of Methelyene blue suggested that, disappearance of MB follows first
order kinetics and nanoparticles can be regenerated, and reused with slightly lesser efficiency. The
complete degradation reaction was confirmed, by conducting COD experiment. The doping of NiS to
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Al2S3 decreases the photocatalytic effect and hence can be used as UV light/sunlight blockening
material.
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