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Abstract: In this study, aluminum oxide (Al,O;) nanoparticles (NPs) were synthesized via an electrochemical method. The effects of reac-
tion parameters such as supporting electrolytes, solvent, current and electrolysis time on the shape and size of the resulting NPs were investi-
gated. The Al,O; NPs were characterized by Fourier transform infrared spectroscopy, X-ray diffraction, transmission electron microscopy,
thermogravimetric analysis/differential thermal analysis, energy-dispersive X-ray analysis, and ultraviolet—visible spectroscopy. Moreover,
the Al,O; NPs were explored for photocatalytic degradation of malachite green (MG) dye under sunlight irradiation via two processes: ad-
sorption followed by photocatalysis; coupled adsorption and photocatalysis. The coupled process exhibited a higher photodegradation effi-
ciency (45%) compared to adsorption followed by photocatalysis (32%). The obtained kinetic data was well fitted using a pseudo-first-order

model for MG degradation.
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1. Introduction

Aluminum oxide (Al,O3) nanoparticles (NPs) have at-
tracted significant attention because of their wide range of
applications in different fields. Ceramics based on ALO;
have been widely used by modern industry because of their
unique properties such as high mechanical strength, high
hardness, and good chemical stability. They have been used
to create various catalytically active complexes for the oil
industry and for cleaning industrial emissions [1]. ALO; is
inert at room temperature and is insoluble in all ordinary
chemical reagents. It exhibits excellent wear resistance and
can be polished to a surface finish. Various allotropes of
Al,O3 have been reported in the literature [1]; however, the
a-Al,O; phase is the most thermodynamically stable phase.
AlL,O; NPs have been synthesized by many techniques such
as ball milling, sol-gel, pyrolysis, sputtering, hydrothermal
reactions, and laser ablation [2—10].

The electrochemical method of synthesizing NPs offers
some important advantages such as it is a low-temperature
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growth method and cost effective. In addition, it provides
controlled growth; thus, products can be obtained with pre-
ferred morphologies, structures, and orientations with spe-
cific advantages over other reported methods [11]. Because
of such advantages of the electrochemical method, it has
been explored for the synthesis of Al,O; NPs.

The world is facing challenges associated with the puri-
fication of water and air resources. Organic pollutants such
as benzidine, naphthalene, and other aromatic compounds
have been introduced into the natural water system from
textile, paper, dye intermediate, tannery, pharmaceutical,
and kraft bleaching industries, among others. The main
sources of severe pollution worldwide are the textile indus-
try and its dye-containing wastewaters [12]. The dyeing
process involves metals, salts, surfactants, sulfides, formal-
dehyde, and so on, which are used as additives to improve
the adsorption of dyes onto fibers. The dye-containing ef-
fluents discharged into the water system are poisonous and
carcinogenic [13].

The chemical name of malachite green (MG) is
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4-{[4-(dimethylamino)phenyl] (phenyl)methylidene}-N,N-
dimethylcyclohexa-2,5-dien-1-iminium chloride; its mo-
lecular formula and molar mass are C,3H,sCIN, and 364.91
g/mol, respectively. It has been extensively used as biocide
in the global aquaculture industry and is highly effective
against important protozoal and fungal infections [14-16].
MG dye has become one of the most debated and controver-
sial compounds used in aquaculture because of risks it poses
to consumers [15]. The use of this dye has been banned in
several countries [17].

Thus, researchers have focused on the removal of MG
and similar dyes from water systems. Various methods such
as chemical oxidation, electrochemical treatment, liquid—
liquid extraction, coagulation, photocatalysis, and adsorp-
tion have been investigated for the removal of dyes from
water systems [18-23]. Among these methods, adsorption
and photocatalysis have been demonstrated to be economi-
cal and efficient methods feasible for industrial-scale opera-
tion [24]. Substantial changes have been observed in the
chemical, mechanical, physical, and optical properties of
adsorbents when their particle size is reduced to the nano-
meter scale. The most prominent observed changes are in-
creased surface area and altered structure of the pores,
which increase materials’ adsorption capacity [25].

Photocatalysis is a highly active research field because of
its numerous potential applications. The photocatalytic de-
toxification of wastewater through the combination of het-
erogeneous catalysis with solar technologies has been re-
ported [26]. Different photocatalytic materials such as ZnO,
CuO, TiO,, CdS, and Fe,O; have been effectively used to
degrade different dyes [27-30]. To the best of our knowl-
edge, no study has reported the relationship between the re-
action parameters used to prepare Al,O; NPs and the result-
ing NPs’ ability to photocatalytically degrade MG dyes.

In the present study, AlL,O; NPs were synthesized elec-
trochemically. The effects of the electrolyte, solvent, current,
and electrolysis time on the shape and size of the resulting
NPs were investigated. The prepared Al,O; NPs were sub-
sequently characterized by X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR), and transmission
electron microscopy (TEM). Adsorption followed by
photocatalysis and coupled adsorption and photocatalytic
processes were subsequently used for the remediation of
MG dye from an aqueous system.

2. Experimental
2.1. Synthesis of Al,O; NPs

The electrochemical deposition of Al,O; NPs has been

previously reported [11]. In a typical procedure, 1.25
mmol/L of supporting electrolyte (sodium hydroxide (SH),
sodium carbonate (SC), and sodium nitrate (SN)) was dis-
solved in 200 mL of solvent (water, water:acetonitrile (wa-
ter—ACN) (12:1), or water:methanol (12:1)). An aluminum
plate (2 cmx 5 cm) and an inert platinum electrode (1 cmx 1
cm) were used as a sacrificial anode and cathode, respec-
tively. Before electrochemical deposition, both electrodes
were cleaned with hydrochloric acid and then with dou-
ble-distilled water. The distance between the electrodes was
fixed at 1 cm for all of the experiments. The electrolysis re-
action was conducted in an undivided electrochemical cell
for 2 h with vigorous stirring at room temperature. The elec-
trolysis reaction was performed at different currents (20 mA,
50 mA, and 100 mA). After the electrolysis, the white pre-
cipitates were centrifuged, washed with ethanol, and finally
washed with distilled water. The products were then dried at
60°C in a hot-air oven for 2 h. The materials obtained under
different conditions were calcined at 900, 1100, and 1200°C
for 1 h to study the effect of temperature on the size of the
particles. The electrolytic cell is presented in Fig. 1.
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Fig. 1. Schematic of the electrochemical cell used to deposit
A1203 NPs.

2.2. Photocatalytic degradation studies

The photocatalytic degradation of MG dye was per-
formed using Al,O; NPs under solar irritation. In a typical
procedure, 100 mg of A,O; NPs was added to 1.5 x 10°
mol/L solution of MG dye to form a suspension [23,31].
The adsorption and photocatalytic studies were performed
using a Pyrex glass beaker and a magnetic stirrer for con-
trolled agitation. During adsorption experiments, the sus-
pension was maintained in darkness for adsorption and de-
sorption of MG dye. After equilibrium was established, the
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suspension was exposed to sunlight with intermittent agita-
tion for photocatalysis. Prior to the photocatalysis studies,
the suspension composed of dye and composite was stirred
continuously. During the reaction, 5 mL of solution was
withdrawn at different time intervals and centrifuged. The
photocatalytic degradation of the MG dye was investigated
at 620 nm. The degradation percentage of dye was calcu-
lated according to the formula

Cc -C
D eg radation= °C Lx100% (1
where C, and C; are the concentrations of dye at equilibrium
and at time ¢, respectively.
The rate of photodegradation of dye was fit using a
pseudo-first-order kinetics model as follows [32—-34]:

In(C,/C,)=—k,t 2

app
where Cj is the concentration of dye before illumination,
and k,yy, is the apparent rate constant.

2.3. Characterization

FTIR (Perkin-Elmer, Spectrum RX-IFTIR) spectra of
AlL,O; NPs were recorded using the KBr disc method. The
crystal structure of the Al,O; NPs was determined by pow-
der XRD on a diffractometer (PANalytical X'Pert) equipped
with a Cu K, radiation source (4 = 0.15418 nm) operated at
50 kV and 200 mA. TEM/energy-dispersive X-ray analysis
(FEI Tecnai F20) were performed by dropping diluted solu-
tions of Al,O; NPs onto copper grids covered with a thin
amorphous carbon film; the microscope was operated at an
accelerating voltage of 200 kV.

3. Results and discussion

The electrochemical synthesis of Al,O; NPs was influ-
enced by numerous reaction parameters, including the na-
ture of the electrolyte, electrode, solvent, temperature, di-
mensions of the cell, and the current. The effect of these re-
action parameters on the synthesis of Al,0; NPs is discussed
in the following sections.

3.1. Effect of electrolyte

Electrochemical synthesis is a soft chemical technique; it
was used in this work to prepare Al,O; NPs. Electrochemi-
cal synthesis depends upon the nature of the supporting
electrolyte. The supporting electrolyte can change the
acid-base character of the solution, participate by attacking
intermediate species, alter product distribution, stabilize the
growth of particles in the solution, and increase the rate of
reaction [35]. During the electrochemical process, the bulk
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aluminum at the anode is oxidized to aluminum ions, which
migrate to the cathode, where reduction occurs in conjunc-
tion with the formation of adatoms [35]. We investigated the
effect of different supporting electrolytes (SH, SN, and SC)
while keeping the current, electrolysis time, and solvent
system constant. We observed that the color of the electro-
lyte solution changed from colorless to a light-milky-white
suspension over a period of a few minutes. This change was
due to the transformation of aluminum into Al,O; particles
through a series of reactions: Al — AP’* — Al(OH), —
AlLO;. We further confirmed these results using XRD and
TEM, as shown in Figs. 2-5. The measured product yield
was higher in the presence of SC as the electrolyte than in
the presence of SH or SN as the electrolyte.

Control of the morphology, size, and purity of Al,O; NPs
can be achieved by complete understanding of the reaction
mechanism of electrodeposition. On the basis of our results,
we deduced the following possible mechanisms for generating
Al,O; NPs in the presence of SH, SC, and SN electrolytes.

In the presence of NaOH electrolyte:

Al — AP + 3¢ at anode;

OH™ +2H,0 +2¢” — 30H + H, at cathode;

2AP" + 60H™ — y-ALO; + 3H,0 in electrolyte solution.
In the presences of Na,COj; electrolyte:

Al — AP + 3¢ at anode;

CO;™ + H,0 — 20H™ + CO; at cathode;

2A1P + 60H” — v-AL,O; + 3H,0 in electrolyte solution.
In the presence of NaNO; electrolyte:
Al — AP" + 3¢ at anode;

NO; +H,0+2¢ —20H + NO, at cathode;

2AP +60H — v-ALO;3 + 3H,0 in electrolyte solution.
During calcination (in all cases):
’Y'A1203 900°C 6'A1203 1100°C

0-A1,0, —2%°C_ 4-AL0,

When current was passed throught the electrolytic cell,
OH and AP’ ions were generated on the surface of the
cathode and anode. AI’* ions have been previously reported
to react with OH ions to produce Al,O; [36]. The nature of
the electrolyte affects the shape and size of the NPs via the
presence of different anions.

XRD analysis was used to confirm the purity and deter-
mine the phase of the NPs. Fig. 2 illustrates the XRD pattern
of Al,O3; NPs synthesized in the presence of electrolytes SH,
SC, and SN, with or without calcination. Broad and low-in-
tensity diffraction peaks were observed at 26 angles of ap-
proximately 39°, 45°, 60°, and 66°; these peaks are assigned
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to y-Al,O; [37]. The samples obtained after calcination at
900°C and 1100°C contained mixed AL,O; phases (6-ALO3
to a-AlLO3) (ICDD 29-0063, ICDD 48-0366). The y-Al,O;
phase transforms to 6-Al,0; at 700-800°C, and the metasta-
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ble 0-Al,0; phase transforms to the a-phase at approxi-
mately 1050°C. The phase transitions in Al,O; are known to
occur in the following sequence [38—40]:

v-ALO; — 3-AL,O; — 0-Al,0;3 — 0-AlLLO;3.

SH 1200°C SC | 1200°C SN 1200°C
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Fig. 2. XRD patterns of A,O; NPs prepared in the presence of sodium hydroxide (SH), sodium carbonate (SC), and sodium nitrate

(SN) as the supporting electrolyte.

In the XRD pattern of Al,O; NPs obtained after calcina-
tion at 1200°C, peaks corresponding to a-AlL,O; NPs
(JCPDS No. 46-1212) were observed. A similar diffraction
pattern was observed for the products obtained using all of
the investigated electrolytes. The crystallinity of the Al,O;
NPs increased as the calcination temperature was increased
from 900 to 1200°C. The peaks that appeared at 26 values of
25.71°, 35.18°, 38.90°, 43.44°, 52.67°, 57.58°, 61.40°,
66.57°, 68.24°, and 77.01° correspond to the (012), (104),

(110), (113), (024), (116), (018), (214), (300), and (119) lat-
tice planes of AL,O;, respectively [41]. The size of the Al,O4
NPs was calculated from XRD data using the De-
bye—Scherrer equation. On the basis of the XRD results, the
average crystallite sizes were calculated to be 33, 36, and 54
nm for NPs electrodeposited using SH, SC, and SN as elec-
trolyte, respectively, and subsequently calcined at 1200°C.
Figs. 3-5 show the TEM micrographs of Al,O; NPs pre-
pared at a current of 100 mA using water—ACN as the solvent
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Fig. 3. (a) TEM micrographs, (b) SAAD pattern, (c) HRTEM image, and (d) particle size distribution of Al,O; NPs synthesized in
the presence of sodium hydroxide (SH) electrolyte.
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Fig. 4. (a) TEM micrographs, (b) SAAD pattern, (c) HRTEM image, and (d) particle size distribution of Al,O; NPs synthesized in
the presence of sodium carbonate (SC) electrolyte.
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Fig. 5.
the presence of sodium nitrate (SN) electrolyte.

and various electrolytes (SH, SC, and SN). The TEM results
indicate that nanobars with average grain sizes of 30 nm and
36 nm formed in the presence of SH and SC as the support-
ing electrolyte, respectively. By contrast, the product ob-
tained when SN was used as the electrolyte consisted of
spherical Al,O; NPs with an average grain size of 43 nm.
The selected-area electron diffraction (SAED) pattern re-
vealed the crystalline and ordered orientations of the Al,O4
NPs (Fig. 3(c)). The lattice-plane spacing of 0.36 nm matches
well with the (012) lattice plane of a-Al,O; NPs, as inferred
from Figs. 4(c) and 5(c). The high-resolution TEM (HRTEM)
images are compatible with the XRD analysis results.

3.2. Effect of solvent

We studied the effects of different solvents such as water,
water—methanol, and water—ACN at a deposition current of
100 mA and with SH as the supporting electrolyte. In an
electrochemical reaction, the solvent contains dissolved ions,
which are mobile and support current flow. The choice of
solvent is an important factor in electrochemical synthesis.
In our electrochemical system, a solvent with good solvation

0.5 I/nm

30 40 50 60 70 80
Particle size / nm

(a) TEM micrograph, (b) SAAD pattern, (c) HRTEM image, and (d) particle size distribution of Al,O; NPs synthesized in

power was required to dissolve the reactants and products. A
low viscosity was required to ensure rapid transport of reac-
tants and products to and from the electrode, respectively [42].
A solvent with low reactivity was required to ensure compa-
tibility with oxidizing and reducing electrodes and with reac-
tive species created at the electrodes. Aprotic solvents provide
reduction and oxidation limits beyond those achievable in
aqueous solutions; thus, with aprotic solvents, a wider range
of potential becomes available for electrochemical studies.

Acetonitrile is a polar aprotic solvent with high conduc-
tivity, good solvating power, high dielectric constant (&=
37), and low toxicity; it has been used as a solvent for the
fabrication of various metals and alloys [43]. We observed
that the reaction solution turned from colorless to milky
within a few minutes when water—ACN was used as the
solvent as compared to when water and water—methanol
were used as solvents. In addition, product yield was higher
when water—ACN was used as the solvent compared to
when water—methanol and water were used. The change in
the shape and size of ALLO; NPs prepared in different sol-
vent media is shown in Fig. 6.
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Fig. 6. TEM micrographs of Al,O; NPs synthesized in the presence of (a) water solvent, (b) water—methanol solvent, and (c) wa-

ter—acetonitrile solvent.

TEM micrographs revealed that the morphology of Al,O;
NPs was greatly influenced by the solvent. The Al,O; NPs
prepared in water as solvent contained two sets of agglom-
erates. The agglomerates of one set were small (average 20
nm in diameter), whereas those of the other set were large
(average 140 nm), as shown in Fig. 6(a). TEM micrographs
of the AL,O; NPs clearly revealed the formation of smaller

particles in water—methanol solvent (20-30 nm) compared
to those formed in water—ACN solvent (30 nm). The results
also showed that the morphology was changed by variation
of the solvent.

3.3. Effect of current

The flow of current through the electrolyte as ions move
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from anode to cathode depends upon the applied electrical
field. To determine the effect of current, we conducted a se-
ries of reactions at currents of 20 mA and 50 mA in wa-
ter—ACN (12:1) as the solvent and using SH (1.25 mmol/L)
as the supporting electrolyte. During the electrolysis,
changes in current visibly affected the color of the solution.
At the highest investigated current of 100 mA, the color of
the solution immediately turned milky white. Rapid genera-
tion of ions occurred at both the anode and cathode, which
increased the rate of hydrogen evolution and also in-
creased penetration and distribution of hydrogen bubbles
through the bed of aluminum at the cathode surface [44]. At
a current of 20 mA, ions were generated slowly and the

. .,- .

color of the solution changed only slightly. We observed
that the product yield increased with increasing current. The
results clearly demonstrate that a high nucleation rate results
in a smaller particles size. The change in particle size is at-
tributable to the correlation between the current and parti-
cle size obtained from the free energy of formation of NPs
[44].

The TEM results clearly show the effects of current on
the particle size of A,O; NPs, as shown in Fig. 7. The parti-
cle size of the Al,O; prepared at 20 mA was 50-60 nm;
when the current was increased to 50 mA, the particle size
decreased to 30-50 nm. The results show that the particle
size was inversely proportional to the current.

10 1/nm

Fig. 7. TEM micrographs of Al,O3; NPs synthesized at currents of (a) 20 mA and (b) 50 mA.

3.4. Effect of electrolysis time

AlL,O; NPs were prepared in water—ACN (12:1) as sol-
vent and SH (1.25 mmol/L) as the supporting electrolyte at a
current of 100 mA for different electrolysis times (10, 30,
and 60 min) at room temperature. We observed that, as the

electrolysis time was increased from 10 to 60 min, the
product yield was affected. At the longest electrolysis time
of 60 min, more nuclei formed at the cathode surface com-
pared to the number formed at electrolysis times of 30 min
and 10 min. The size of the particles was also affected by
the electrolysis time: as the electrolysis time was increased
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from 10 min to 60 min, the nuclei size increased. Thus,
electrolysis time was observed to be directly proportional to
the particle size [45].

The influence of electrolysis time on the size of particles
is shown in Figs. 8(a)-8(c). Incomplete formation of parti-
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cles was observed after 10 min of electrolysis. Small-sized
particles were formed at an electrolysis time of 30 min, and
25 nm particles were obtained at 60 min. Such increases in
particle size were clearly observable in the TEM micro-

graphs.

10 1/nm

10 1/nm

10 1/nm

Fig. 8. TEM micrographs of Al;O3; NPs synthesized at different electrolysis times: (a) 10 min, (b) 30 min, and (c) 60 min.

The ultraviolet—visible (UV—Vis) spectrum of Al,O; NPs
calcined at 1200°C after being prepared using SH as the
electrolyte, water—ACN as the solvent, and 100 mA of cur-
rent is shown in Fig. 9. The UV—Vis absorption spectra of
the ALL,O; NPs dispersed in distilled water show an absorp-
tion peak at approximately 210 nm. A strong absorption
peak at 210 nm was clearly observed, which confirmed the
presence of Al,O; NPs in deionized water [46]. The
band-gap energy of the synthesized Al,O; NPs was calcu-
lated using the Tauc relation [47]:
ahv = f(hv — E,)" 3)

where « is the absorption coefficient (2.303 A/L), E, is the
optical band gap, /v is the photon energy, £ is the band tail-
ing parameter, and n = 1/2 for a direct band gap. The optical
band gap was determined by extrapolating the straight por-
tion of the curve of the plot of (ahv)* vs. hv when o = 0. The
band gap was calculated from the Tauc plot to be 3.02 eV
(Fig. 9(b)) [48].

The FTIR spectrum of the Al,O; NPs is shown in Fig.
9(c). The band at 3467 cm ' was due to O—H vibrations [49].
The peaks at 574 cm ' and 826 cm ™' were attributed to
Al-O bonds [50-51].



D. Pathania et al., Enhanced photocatalytic activity of electrochemically synthesized aluminum oxide nanoparticles

367

1.6
@ 800 - (b)
14 700 F
.12 600
= <
g £ 500
g L0} S
g > 400 |
= i
g 08 o~ 300}
o] =
% gl T 200
100 -
04
oL
0.2 L 1 I L L -100 1 1 3!'2 e 1 1 L L
100 200 300 400 500 600 2 3 4 5 6 7 8 9
Wavelength / nm hv/eV
55
50
S 45
8
5
E 40
g
g
= 35
30
25 |
1 | | | | | | | | 1 82 | I574
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber / cm™

Fig. 9. (a) UV-Vis spectrum of Al,O; NPs, (b) plot of (ahv)? vs. hy of ALO; NPs calcined at 1200°C, and (c) FTIR spectrum.

3.5. Thermal analysis

The thermogravimetric analysis (TGA) results for the
prepared Al,O; NPs are shown in Fig. 10. These results re-
veal that a total weight loss of 7.4% occurred between 100
and 600°C. The initial and final decomposition temperatures
were 93 and 341°C, respectively. The observed weight loss
may be due to the volatilization of surface-adsorbed water,
which can exist stably to a certain temperature [52]. Differ-
ential thermal analysis studies of the AL,O; NPs revealed a
single exothermic peak at 58°C corresponding to the de-
composition stage between 93 and 341°C.

3.6. Photocatalytic degradation of MG dye

The photocatalytic performance of the prepared Al,O;
NPs was studied under two processes: adsorption followed
by photocatalysis and coupled adsorption and photocatalysis
under sunlight irradiation, as shown in Fig. 11.

3.6.1. Adsorption followed by photocatalysis
Al,O; NPs (SH electrolyte, water—ACN solvent, 100 mA

current, calcined at 1200°C) were used to remove MG dye
from aqueous media. Figs. 11(a) and 11(b) show a com-
parison of the degradation of dye in darkness and under so-
lar-light irradiation at different time intervals. The charac-
teristic absorption peak of MG at 620 nm was monitored as
a function of the sunlight exposure time. The dye solution
containing Al,O; NPs was maintained in darkness to establish

S00F 100} 1) e 1105
600 - 99, 7wt%
=~ 400} . 6033°C 4100
‘ 50 58.6°C ‘
é 20001 > 226.5 pg/min 2.0 pg/min °
T = <
89 = 195 &
2 0r 2 sof z
= o
o 200 A 93.9°C . 604.5°C =
B 400k _sol 0w e, Ssev 190
61.1°C 600.9°C
—600 - -17.5uV 83.6wt% | 85
-800+ _100l

200 300 400 500 600

Temperature / °C

100

Fig. 10. TGA analysis of the prepared ALO; NPs.
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an adsorption—desorption equilibrium. After 1 h of reaction
in darkness, the suspension was exposed to solar light for
further photodegradation. As evident in Fig. 11, the absorp-
tion peak at 620 nm slowly decreased in intensity with
increasing irradiation time.

The dye suspension was first irradiated with solar light in
the absence of a photocatalyst and was subsequently stirred
with the ALO; NP photocatalyst. Only 12% of dye was ad-
sorbed in 1 h under dark conditions, whereas 32% degrada-
tion was achieved by photocatalysis under solar irradiation
for 5 h (Figs. 11(d) and 11(e)). During the adsorption equi-
librium in darkness, the catalyst particles were highly cov-
ered by dye molecules, which might block light, resulting in
lower degradation of MG. When the Al,O; NPs were irradi-
ated with light, electron—hole pairs were generated and re-
acted with water to produced hydroxyl and super oxide
radicals, which break the conjugation of organic molecules.
The plot of In(4y/4,) vs. irradiation time in Fig. 11(f) shows

a linear correlation (where 4. and 4, are the absorbance of
dye at equilibrium and at time ¢, respectively). The
pseudo-first-order rate constant & for dye photodegradation
was calculated to be 0.02587, and the correction coefficient
(R?) was 0.97259.
3.6.2. Coupled adsorption and photocatalytic degradation

In the coupled adsorption and photocatalysis experiments,
the effects of adsorption and photocatalysis on the degrada-
tion of MG were studied simultaneously. Fig. 11(c) shows
the degradation of MG in the presence of Al,O; NPs. Dye
degradation of 45% was achieved in 6 h of dye illumination.
The dye degradation follows pseudo-first-order kinetics,
with a rate constant k& of 0.00467 and a correction coefficient
(R%) of as shown in Fig. 11(g). This rate constant implies
that the degradation in coupled adsorption and photocataly-
sis is higher than that in the case of adsorption followed by
photocatalysis and clearly indicates that the extent of degra-
dation under coupled adsorption and photocatalysis was
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much higher than in the case of adsorption followed photo-
catalysis. Photocatalytic efficiency can be enhanced by ad-
sorption onto the catalyst. As the MG adsorbs onto the
AlL,O; NPs, simultaneous irradiation with sunlight leads to
the generation of electron-hole (e ~h") pairs in Al,O;. The
electrons in the conduction band of AlL,O; interact with
oxygen molecules adsorbed onto Al,O; to form superoxide
anion radicals (O™"). The holes generated in the valence
band of AlL,O; produce highly reactive hydroxyl radicals
('OH) by reacting with surface hydroxyl groups. The pho-
togenerated holes can lead to the production of OH radicals
through the dissociation of water [31]. The highly reactive
hydroxyl radicals ("OH) and superoxide radicals (O™") react
with MG adsorbed onto Al,O; NPs and leads to the degra-
dation of MG. The proposed mechanism for photodegrada-
tion of dye is as follows:
AlLO; + Dye — Al,O3—Dye,
ALO;(h") — Dye,s + HyO — ALOy(OH") — Dye,g + H',
ALO;(h") — Dye, + OH — ALO3;(OH") — Dye,,,
ALOs(ecp) — Dyeygs + O, — ALO3(0;")-Dye,
0" or OH" + AL,O; — Dye —

degradation product + Al,O; for reuse ion.
where, subscripts ads and CB represent adsorption and con-
duction band, respectively.

4. Conclusions

ALO; NPs were successfully prepared by an electro-
chemical method. The Al,O; NPs were characterized using
different techniques such as FTIR, UV-Vis spectroscopy,
XRD, and TEM. The results indicated that the electrolysis
time and current strongly influenced the morphology and
size of the resulting A1,O; NPs. The electrolyte and solvent
were observed to be the key factors influencing the shape
and size of the NPs. The use of SH as the electrolyte re-
sulted in smaller Al,O; NPs compared to the NPs prepared
using SC or SN as the electrolyte. Water—ACN was deter-
mined to be the best solvent for the electrochemical synthe-
sis of Al,O3; NPs. TGA revealed that ALLO; NPs prepared in
water—ACN exhibited a greater thermal stability than Al,O4
NPs prepared in other solvents. The prepared Al,O; NPs
were used as a photocatalyst for the degradation of MG
dye under two processes: adsorption followed by photo-
catalysis and coupled adsorption and photocatalysis under
solar light for 6 h. The results clearly revealed that coupled
adsorption and photocatalysis resulted in a greater degrada-
tion of the dye compared to adsorption followed by photo-
catalysis.
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