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Improved photocatalytic activity through cobalt (Co) doping has been reported
for AlyO3 nanoparticles in this paper. Undoped and Co-doped Al,Os
nanoparticles have been synthesized via a precipitation method. Pure and
Al503 nanoparticles exhibit a monoclinic crystal structure. The optical band-
gap decreases from 3.80 eV to 3.64 eV with Co doping. Due to the red shift in
the bandgap, the recombination rate of photo-induced electrons and holes
decreases in the doped catalysts which improved their efficiencies against the
degradation of rhodamine dye. A remarkable degradation efficiency of 95.45%
is evinced for the 4 wt.% Co-doped Al;O3; catalyst and this was well
acknowledged from its decreased crystallite size, decreased bandgap and in-
creased photosensitivity values. An increased degradation rate constant value
of 0.96649 min ! observed for the 4 wt.% Co-doped Al,O5 catalyst also con-
firms this. The results obtained indicate that the Co-doped Al,O3 nanoparti-
cles are potential candidates as visible light catalysts with remarkable
degradation efficiencies against toxic dyes. Also, the realization of ferromag-
netism confirms the regenerable and reusable quality of the Co-doped Al;O3

catalysts.
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INTRODUCTION

Nanoscaled metal oxides have been widely used in
recent years as catalysts in dye degradation due to
their prominent physical and chemical properties.
The most often used metal oxide photocatalysts are
zinc oxide (ZnO),! tin oxide (SnOy),? titanium di-
oxide (TiOs),> magnesium oxide (MgO),* zirconium
oxide (ZrOs),? etc. Aluminum oxide (Al,O5) is a low-
cost, wide bandgap material (~ 9 eV) which exhibits
good thermal stability and large breakdown electric
field which makes it suitable as a gate insulator
layer in the field of resistive random access memory

(Received May 29, 2019; accepted October 22, 2019;
published online November 1, 2019)

(RRAM).® Al,05 exists in 9, 1, y, J, 0 and o crystal
structures (phases) depending on temperatures
ranging from 700°C to 1200°C.” Al,O;3 due to its
amphoteric nature, hydrolytic stability and poten-
tial ability to convert catalytic activity finds appli-
cation as a heterogeneous catalysis support for
petroleum refinement and adsorbents.® Due to large
specific surface area and the presence of a large
number of crystalline structural defects, Al,O3 is
widely used in applications such as microporous
catalysts and ultra-hard coatings, in electrolumi-
nescent flat-screen displays, as fillers for ceramic
matrix composite materials and as an efficient
adsorbent for the decolorization of dyes such as
crystal violet, phenol and malachite green.”~'?
Al;O3 nanoparticles can improve the wear resis-
tance of organic polymers by preparing an
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ultraviolet (UV) curable hard coating.14 The non-
toxic and hydrolytic stable nature makes Al5;O;
suitable as photocatalyst for dye degradation, and
due to its insulating behavior, it acts as an energy
barrier, thereby reducing the recomb1nat1on rate of
photo- exc1ted electron—hole pairs.'®> However, as a
homogeneous catalyst, Al,O3 exhibits poor degra-
dation efficiency, especially under visible light due
to its widened bandgap. But, when used as a
partner along with other semiconductors in photo-
catalytic applications Al50O3 plays a significant role
in improving the degradation efﬁ01ency, due to the
presence of acid sites on the Al** surface which
mediates Oy photo- adsorption inducing photoacti-
vation of O, easily.'® The photocatalytic task of
Al;,O3 under visible light could be improved by
reducing its bandgap which could be achieved by
doping with noble metals. In our earlier work,
improvement in the photocatalytic performance of
Al,O3 was realized under visible light through Zn**
doping.!” Ferromagnetism is an essential charac-
teristic of a regenerable and reusable catalyst.
Hence, to induce magnetization and to improve
the photocatalytlc performance of Al;Os, cobalt
(Coz") dopmg has been performed in this work.

Co**is a transition metal ion which has an ionic
radius_of 0.74 A that is slightly greater than Al
(0.51 A) ion and, hence, when substituted into the
Al,O3 matrix, it creates more lattice defects thereby
altering its properties significantly. Co?* exhibits
spin—orbit interaction and, hence, it is supposed to
modify the electron transport phenomenon of AIQ8
by inducing magnetic moments on substitution.!
has been reported that Co doping decorated the
electron structure of ZnO and 1mpr0ved its visible
light absorption ability.? Miao et al.?° reported that
Co doping not only improved the visible light
absorption but altered the surface atomic state of
ZnO which is much more suitable for photocatalytic
reaction. Co in SnO, facilitates electron efficiently
from its conduction band to an oxygen molecule in
dye solutlon thereby enhancing its photodegrada-
tion ability.?!

The precipitation method has been adopted in this
work to synthesize Co-doped Al;Os nanoparticles.
Co doping concentration is varied as 0 wt.%, 2 wt.%,
4 wt.% and 6 wt.% of the amount of aluminum
chloride used to synthesize Al;O3 nanoparticles.
Besides the structural, optical and electrical prop-
erties, photocatalytic and magnetic propertles were
1nvest1gated and the impact of Co?* ions on the
properties of Al;Os was analyzed. Synthesis and
studies on the photocatalytic and magnetic proper-
ties of Co-doped Al;O3 nanoparticles has not been
reported earlier, and this is the first report on the
studies performed. The hindrance of using Al,O3
nanoparticles as an effective catalyst under visible
light irradiation has been shattered with Co doping,
and this has been justified in this work. The main
highlights of this work are: (1) optical bandgap
decreased with Co doping, (2) increased

photosensitivity has been realized with increase in
Co doping concentration, (3) photodegradation effi-
ciency increased with Co doping and (4) Co-doped
Al,O3 nanoparticles exhibit ferromagnetic behavior.
The highlighted results are compared with other
similar studies in their respective sections.

EXPERIMENTAL DETAILS

Pure Al;O3 nanoparticles were synthesized by
precipitating after aging for 4 h the aqueous solu-
tion (150 mL) containing 0.1 M aluminum (III)
chloride (AICl3) and 10 mL liquid ammonia. The
liquid ammonia concentration is varied as 5 mlL,
10 mL and 15 mL to identify the best optimized pH
value to synthesize Al;O3 nanoparticles. The pH
values of the 5 mL, 10 mL and 15 mL of added
liquid ammonia solutions were found to be 6, 10 and
13, respectively. With the pH value of 10, the
precursor solution seems to be more basic, and the
precipitation yield was found to be better. The
precipitates were crushed after washing and cal-
cined at 200°C for 1 h to form Al,O3 nanoparticles.
By adding CoCly6H50 equal to 2 wt.%, 4 wt.% and
6 wt.% of the weight of AICl; to the above prepared
precursor solution, Co-doped Al;Os; nanoparticles
were obtained. x-ray diffraction (XRD), surface
morphology, Fourier transform infrared (FTIR),
ultra violet-visible-near infrared (UV-Vis NIR)
and photoluminescence (PL) studies of the Co-doped
Al,0O3 nanoparticles were performed using an x-ray
diffractometer (X’-pert PRO Analytical PW 340/60),
a HITACHI S-3000H scanning electron microscope,
a Tecnai-20 G2 transmission electron microscope, a
Perkin Elmer RX-1 spectrophotometer, a LAMBDA-
35 UV-Vis-NIR double-beam spectrophotometer
and a Varian Cary Eclipse fluorescence spectropho-
tometer, respectively. -V curves were drawn from
the values of current obtained in the 1-10-V range
using a Keithly 65176 electrometer. The pho-
todegradation ability of the Co-doped Al5O;
nanoparticles was tested against rhodamine B
(RhB) dye under visible light. In the photocatalytic
tests, 6 mg (optimized value) of 0 wt.%, 2 wt.%,
4 wt.% and 6 wt.% Co-doped Al,O3 catalysts was
added to four sets of 100-mL aqueous dye solutions
containing 0.025 M RhB dye. To ascertain the
concentration of Co in the tested catalysts, energy-
dispersive x-ray (EDX) spectra was taken, and the
amount of Co was found to be equal to 1.26 wt.%,
2.49 wt.% and 4.87 wt.% for the Al;O5 nanoparticles
synthesized with 2 wt.%, 4 wt.% and 6 wt.% Co
doping concentrations, respectively. One set of dye
solution without any catalyst is used as blank
reference to standardize the initial absorbance of
RhB. The dye solutions with the catalysts were
stirred under dark condition for 30 min to achieve
adsorption—desorption  equilibrium. Absorption
spectra of RhB were recorded at 1 =554 nm to
monitor the degradation process. Magnetization
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(M)-magnetic field (H) curves were recorded using a
Lakeshore 7410 vibrating sample magnetometer.

RESULTS AND DISCUSSION
Physicochemical Properties

Figure 1 shows the XRD patterns of the undoped
(0 wt.% Co) and 2 wt.%, 4 wt.% and 6 wt.% Co-
doped Al;O3 nanoparticles. XRD profiles indicate
that the Co-doped Al;Os; nanoparticles crystallize
with a monoclinic structure of 60-Al,Os; as the
positions of the peaks matched with Joint Commit-
tee on Powder Diffraction Standards (JCPDS) card
no. 86-1410. No Co-related peaks were observed
even for the highest doping concentration, indicat-
ing the presence of an undetected level of contam-
ination in the prepared Al,O3; samples. As seen in
Fig. 1, with up to a 4 wt.% Co doping concentration,
the presence of (110),(002),(202),(311),(112),
(6 0 1) and (5 1 1) planes exactly matched with the
undoped sample; however, for the 6 wt.% Co-doped
sample, the (1 1 0) and (3 1 1) peaks seem to
disappear, and this indirectly represents that up to
a 4 wt.% doping concentration of Co?* ions might
have completely substituted Al** ions in the host
matrix, and at 6 wt.% Co doping concentration, Co**
ions might have occupied the interstitial sites,
thereby deteriorating the lattice structure of
Al50s;. In spite of this, all the samples had a strong
(0 0 2) preferential growth, and the position of this
peak seems to be slightly shifted towards a lower 20
angle up to 4 wt.% Co doping concentration. For the
6 wt.% Co doping concentration, it seems to shift
towards a higher angle. This shifting can be
attributed to the change in the interplanar distance
caused by the strain in the Al,O3 lattice generated
by the incorporation of Co®* ions.
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Fig. 1. XRD patterns of the 0 wt.%, 2 wt.%, 4 wt.% and 6 wt.% Co-
doped Al,O3 nanoparticles.

The crystallite size (D) values given in Table I are
estimated from the (0 0 2) diffraction plane of the
Co-doped Al;O3 samples, using the Scherrer
formula?®:

0.94
~ BcosO (1)

where f is the full width at half maximum (FWHM),
A = 1.5406 A (wavelength of the x-ray source) and 0
is the Bragg angle. Due to the substitution of Co®*
ions, grain boundary restraining takes place due to
symmetry-breaking effects at the boundary limits of
grain growth, and, hence, decreased crystallite sizes
were obtained for the doped samples. Another
possible reason for the decreased crystallite size
realized with Co doping might be due to the Zener
pinning effect.?* The Zener pinning effect refers to
the restriction in the growth of the crystallites and
grain size caused by the crystal defects like vacan-
cies and interstitials.

Scanning electron microscopy (SEM) images of
the Co-doped Al,O3 nanoparticles are pictured in
Fig. 2a—d. Grains seem to be agglomerated for pure
Al,O3 (Fig. 2a). Agglomeration seems to be mini-
mized for the doped samples. A few pinholes and
clustered grains are seen for the 2 wt.% Co-doped
Al503 nanoparticles (Fig. 2b). Tightly packed nano-
sized grains were observed for the 4 wt.% Co-doped
Al5,0O3 nanoparticles (Fig. 2¢). With 6 wt.% Co dop-
ing, a few needle-shaped grains are observed, and
agglomeration exists in a few surfaces (Fig. 2d).
Thus, Co doping significantly modified the surface
morphology of pure Al;Os.

Transmission electron microscopy (TEM) images
of the Co-doped Al,Os nanoparticles (Fig. 3a—d)
matched exactly the results observed in the SEM
images, such as agglomeration for the 0 wt.% Co-
doped Al,O3 (Fig. 3a), clustered grains for the
2 wt.% Co-doped Al,Os3 (Fig. 3b), tightly packed
nanosized grains for the 4 wt.% Co-doped Al;O;
(Fig. 3¢c) and nanoneedles for the 6 wt.% Co-doped

Magnetic Properties

Figure 4 shows the room-temperature magneti-
zation versus field (M—H) loops of the Co-doped
Al503 nanoparticles. It can be seen from Fig. 4a that
the undoped Al;0-zexhibits paramagnetic behavior,
and the samples with 2 wt.%, 4 wt.% and 6 wt.% Co
doping concentrations exhibit ferromagnetic behav-
ior with the presence of hysteresis loops (Fig. 4b—d).
Thus, paramagnetic-to-ferromagnetic transition is
observed in Al;O3 with Co doping. The origin of the
ferromagnetic properties of the Al,O3 nanoparticles
through Co doping may be attributed to: (1) intrinsic
ferromagnetism, (2) secondary phases such as
Co304, Co0, CoAly04, (3) Co clusters, (4) defects
induced in the Al,Os matrix due to the incorpora-
tion of Co?* ions and (5) the Ruderman-Kittel—
Kasuya-Yosida (RKKY) or double-exchange
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> mechanism in which electrons or holes due to the

:E’ES substitution of Co ions induce ferromagnetism.*
= 9SS | 12&3 Literature results showed that dipole—dipole inter-
< g~ action is the main reason for the observed ferro-
&
>, o magnetism at low temperatures.”® It has been
-‘E reported that oxygen vacancies created in non-
e %cé" "\;l‘ﬁ; magnetic oxide semiconductors through doping play
E E § = a dominant role in inducing magnetic moments in
o g? I X x X them bg creating bound magnetic polarons
P 2 g 283 (BMPs).?” In the Al,03 matrix doped with Co®*
. M~ e ions, an electron locally trapped by an oxygen
iz R vacancy (V,) has an important function on the spin
5 o o - orientations of neighboring Co ions. The magnetic
::: .g ;g g R exchangf{e i}rllteractionfs getween Vs an(cl1 C‘(/) iorfls align

-~ o - 1 ]

s = N3 some of the spin of Co ions around V,, forming
= 558! lagie BMPs. Hence, greater densities of oxygen vacancies
g T 52 0 S yield a greater volume occugied by BMPs, thereby
'-.g x g S o enhancing ferromagnetism.”® The magnetic param-
5 eters such as saturation magnetization (M), reten-
- = tivity and coercivity values of the Co-doped Al;O;
@ -g g~ nanoparticles are compiled in Table I. The realiza-
b - o Swws tion of ferromagnetism confirmed that when Co-
-g T gé §E§§ doped Al,O3 nanoparticles are used as photocata-
g & g L= e lysts for the degradation of organic dyes, they can be
o 5 i easily separated from the dye solution by a magnet
% ~ or an applied magnetic field for taking absorption
¥ . spectra and to perform reusable and stability tests.
= >
S b=
Qg E Optical Characterization
K B [0 Figure 5 shows the FTIR spectra of (a) undoped

g =g :
Eﬂ ® R R and (b) Co-doped Al,O3; nanoparticles. The peaks
< % observed in the wavenumber region 3657—
B £ 3137 cm ™! and the peak observed at around
E A 1637 cm~ ! for the undoped and doped samples
= . may be attributed to OH stretching and bending
g & vibrations, respectively.?**° The peaks observed at
@ g 2008 cm~!' for the undoped sample and at
2 @ o SR q 2017 cm ! for the doped samples may be attributed
£ §p.. SR to N-H stretching vibration.?® The peak at
O«E ) b 1751 cm ™' may be due to deformation vibration of
S 8 S the adsorbed water molecules.?” The C=0 stretch-
88 A ing vibration peak is observed at around 1405 cm ™ *
a8 for all the samples.®?
fold An Al-OH bond-related peak is observed at
82 = g E 1072 cm ' for the undoped sample and at
£4 5 a £ 8583 1068 cm ' for the doped samples.'® Peaks related
agle’a to C-N 1stretching vibration are observed at
gale 1028 em™~ for all the samples.”™ The peak at
)
n g _ 982 cm ! observed for the undoped sample may be
238 < attributed to C—O band.*® An Al-O infrared vibra-
= o 8| SR8RE tion peak is observed at 765 cm ™! for the Co-doped
"ne ol N Al;,O3 nanoparticles.”® Metal-oxygen (MO)-related
%“5 g;v bands are observed at 621 cm ™1, at 527 ecm ! for the
-3 undoped sample, at 618 cm ' for the 4 wt.% and
2% o 6 wt.% Co-doped Al,O5 samples and at 532 cm ! for
S ;g the 4 wt.% Co-doped sample.?®
Nk ¥s The UV-Vis absorption spectra for pure Al,O3
AR IR and Co-doped Al,O3; nanoparticles with different
_% elg 8 concentrations of dopant Co are shown in Fig. 6.
s 8| e 5*; The absorbance values depend on the particle size
HOIVOOZ | oaaweo
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Fig. 2. SEM images of (a) 0 wt.%, (b) 2 wt.%, (c) 4 wt.% and (d) 6 wt.% Co-doped Al,O3 nanoparticles.

and defects in the Al;O3 crystal lattice. The
absorbance edge values of the 0 wt.%, 2 wt.%,
4 wt.% and 6 wt.% Co-doped Al,O3 nanoparticles
were 326 nm, 332 nm, 341 nm and 338 nm, respec-
tively. It can be seen that the absorption edges of
pure Al,O3 shift toward the higher-wavelength side
(red shift) with Co doping, inferring a reduction in
the bandgap values of the doped samples. The
bandgap energy (E,) values of the Co-doped Al;Os
nanoparticles were calculated using the equation®®:

1240

imax

E, = eV (2)
where 1,.x is the absorption edge. The bandgap
energies of the pure Al,Os3 and Co-doped Al;O;
nanoparticles were 3.80 eV, 3.73 eV, 3.64 ¢V and
3.67 eV, respectively. The variation in the bandgap
energy may be related to the crystal structure,
phase composition, particle size and morphology of
the Co-doped Al;O5; nanoparticles.?” The sp-d
exchange interaction between the band electron
and the localized d electrons of the substituted

dopant ions shifts the bandgap energy of pure Al;03
towards lower energies.®® Due to this, the recombi-
nation rate of the photo-induced electrons and holes
decreases which improved the photocatalytic activ-
ity of the Co-doped Al,O3; nanoparticles (Section:
Photocatalytic Properties).

Figure 7 shows the room-temperature PL spectra
of the Al,O3 nanoparticles synthesized with 0 wt.%,
2 wt.%, 4 wt.% and 6 wt.% Co doping concentra-
tions recorded by exciting the samples at
A =320 nm. Emission peaks were observed for all
the samples at 361 nm, 377 nm, 410 nm, 493 nm,
506 nm, 521 nm and 545 nm, respectively. The
near-band-edge (NBE) UV emission peaks observed
at 361 nm and 377 nm may be due to the recombi-
nation of free excitons.?® Similar NBE emissions
have been reported earlier for Zn; ,Cd.O
0<x<0.1) nanopowders.40 Direct transitions from
the conduction band to the valence band caused by
the interstitials might be responsible for the peak at
410 nm.*! Rajput et al.*? reported the occurrence of
similar metal ion interstitials-related transition at
424 nm. The peak at 493 nm is due to oxygen
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) 6 wt.% Co-doped Al,O3 nanoparticles.
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Fig. 4. M—H curves of the Co-doped Al,O3 nanopatrticles.

vacancies present in the Co-doped Al,Os; nanopar-
ticles.? Khodadadi et al.*® attributed that the peak
at 493 nm is a network defect induced by the
excitation of the oxygen down the conduction band
in the Al;O3 matrix. Donor—acceptor pair (DAP)-
related emission is observed at 506 nm.** The
recombination of a photogenerated hole and the
electron of a singly ionized oxygen vacancy is
responsible for the emission peak at 521 nm.'” The
recombination of the conduction band with the
interstitial oxygen (O;) might be responsible for
the emission peak at 545 nm.*®

Photoresistance (PR) and photosensitivity (PS)
values of the Co-doped Al,O3; nanoparticles were
calculated from the I-V characteristics of the
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Fig. 5. FTIR spectra of (a) undoped and (b) Co-doped Al,O5 nanoparticles.
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Fig. 6. Absorbance spectra of the Co-doped Al,O3 nanoparticles.

samples taken under dark (Fig.8a) and light
(Fig. 8b) conditions using the formulae*®:

PR = R"R;dm (3)
In—1
PS = —"hld d (4)

where R; and I; are the resistance and current
values measured in dark, respectively; R, and I,
are the resistance and current values measured in
light conditions. The PR and PS values are compiled
in Table I. The photosensitivity values of pure Al;O5
increased with increase in Co doping concentration.
Thus, the light-harvesting ability of pure AlyOs
improves with Co doping, and the Co-doped Al;O;
nanoparticles exhibit better photocatalytic abilities
(Section: Photocatalytic Properties).

350 400 450 500 550

Wavelength (nm)
Fig. 7. PL spectra of the Co-doped Al,O3 nanoparticles.

Photocatalytic Properties

Rhodamine B (RhB), a cationic dye, is used as the
model pollutant to study the photocatalytic activity
of the Co-doped Al,O3 nanoparticles. The photocat-
alytic tests were performed under visible light
irradiation. The dye solutions with and without
the catalysts after stirring under dark condition
were irradiated under visible light using a 100-W
incandescent lamp kept at 25 cm above the testing
solutions with constant stirring. With increase in
light irradiation time, the color of the dye starts to
fade, and after 105 min of irradiation time, the dye
solution with 4 wt.% Co-doped Al,O3 catalyst
become almost colorless, confirming its higher
degradation ability compared with the other sam-
ples. It is also seen that the dye solutions with the
doped AlyO3 catalysts degraded better than the
undoped Al,O3 catalyst (0 wt.% Co). The order of
the degradation ability of the Co-doped AlyOs
catalysts is
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Fig. 9. Absorbance spectra of the 4 wt.% Co-doped Al,O5 catalyst.

4 wt.% Co>6 wt.% Co>2 wt.% C>0 wt.% Co

To ascertain the degradation nature of the dye
molecules, absorption spectra were recorded at
A = 554 nm, by taking 2 mL of each the tested dye
solutions with 0 wt.%, 2 wt.%, 4 wt.% and 6 wt.%
Co-doped Al,Oj3 catalysts at regular time intervals.
The absorption peak intensities of all the samples
decreased with increase in irradiation time, con-
firming the fact that the dye molecules degraded
with light irradiation. The absorption spectra of the
4 wt.% Co-doped Al,-O3 catalyst is shown in Fig. 9.

From the dark (Cj) and light (C) concentrations of
the dye solution, the photodegradation efficiency (1)
of the Co-doi)ed Al50O3 catalysts was calculated from
the relation®”:

= (1 - C/CO) x 100 (5)

The degradation efficiencies of the Co-doped
Al5O5 catalysts calculated for each irradiation time
intervals are displayed in Fig. 10. Clearly, all the

100
Bl 6 vwt.% Co
B 4 wt.% Co
804 2 wt.% Co
o wt.% Co
S
§ o0
©
T
g
2 40
o
20
0-

15 30 45 60 75 90 105
Irradiation time (min)

Fig. 10. Bar diagrams showing the degradation efficiencies of the
Co-doped Al,O3 catalysts.

doped samples exhibited better degradation effi-
ciencies than the undoped Al,Oj3; catalyst. The
degradation efficiencies of the 0 wt.%, 2 wt.%,
4 wt.% and 6 wt.% Co-doped Al,O3 catalysts after
105 min light irradiation were found to be 78.38%,
82.35%, 95.45% and 86.44%, respectively. The
degradation efficiency of 95.45% observed for the
4 wt.% Co-doped Al;O3 catalyst is almost compara-
ble to the efficiency observed by Khavar et al.*® for
7.5 wt.% Cu-doped ZnO/Al ;O3 photocatalyst after
60 min of sunlight irradiation, against methyl
orange dye. An efficiency of 84.5% has been realized
for Ag-doped Al,Oj catalyst by Goudarzi et al.*’
against RhB dye after 90 min of UV light irradia-
tion. Motevalli et al.’® reported an efficiency of 74%
against methylene blue for Ag-doped AgO/Al,O3
nanocomposite under UV light irradiation. On
comparison with the earlier reported efficiency
values, the efficiency observed in this work is quite
appreciable in the sense it has been achieved under
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Fig. 12. Plots of In(CO/C> versus irradiation time of the Co-doped
Al,O3 catalysts.

visible light. The photocatalytic activity of the Co-
doped Al;O3 nanoparticles rely on the generation of
electron-hole (e /h*) pairs on exposure to visible
light. When exposed to visible light, electrons from
the valence band of Al,O5 are excited and move to
the conduction band, leaving holes in the valence
band, thereby generating e /h* pairs. The electrons
in the conduction band and holes in the valence
band react with surroundmg oxygen and water to
from O, and OH" radicals, which degrade the RhB
dye molecules into COy and H,0,°! as shown in
Fig. 11. The increased degradation efficiency
observed for the doped samples may be due to the
following aspects: (1) Co in Al;O3 acts as a trap to
capture electrons which delays the recombination of
electron—hole pairs, (2) Co incorporation in Al;O;
creates defects in the Al,O5 lattice which led to an
increase in the photocatalytic efficiency, (3) a
decreased bandgap through Co doping might have
played a role in enhancing the photocatalytic activ-
ity and (4) decreased crystallite size values through
Co doping might have resulted in the creation of
number of reaction sites due to increased surface
area-to-volume ratio, and this facilitates the inter-
action between the photocatalyst and dye molecules,
thereby resulting in enhanced photodegradation

1 CyclelV

210 315 420
Irradiation time (min)
Fig. 13. Recycle tests of the 4 wt.% Co-doped Al O3 catalyst.

efficiency. Similar enhancement in the photocat-
alytic activity through Co dopmg has been regorted
earlier for La-Mn perovskite,’® Sn0,,”® ZnO>* and
ZnO/rGO nanocomposite.’’ The decreased pho-
todegradation efficiency observed for the 6 wt.%
Co-doped Al,O3 catalyst might be due to the active
sites of Al;O3 being blocked due to the excess
addition of dopant which produce adverse effect on
the photocatalytic efficiency.?®

The photocatalytic degradation kinetic of the Co-
doped Al,Oj3 catalyst was investigated based on the
pseudo first-order kinetic model proposed by Lang-
muir-Hinstelwood according to the equation:

I Co) 6

where k, C, and C are the first-order degradation
rate constant, and concentrations of the dye under
dark and light conditions, respectively, and t is the
irradiation time. The ‘%’ values calculated from the

k:

slopes of the curves between In CO/C and irradia-

tion time of the Co-doped Al;Oj3 catalyst (Fig. 12)
are compiled in Table I. The higher values of k
observed for the doped -catalysts favors their
increased degradation efficiencies.
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Fig. 14. FTIR spectra of as-deposited and reused 4 wt.% Co-doped
Al>,O3 catalyst.

To ascertain the stability and reusable nature of
the Co-doped Al,O3 catalysts, recycle tests were
performed for several cycles for the 4 wt.% Co-doped
Al,O3 catalyst which exhibited the maximum degra-
dation efficiency. Up to four cycles, no significant
variation was observed in the efficiency, and after
the fourth cycle, a slight loss in efficiency was
observed (Fig. 13). To examine the reusable nature,
FTIR spectra were taken. Figure 14 shows the FTIR
spectra of as-deposited (a) and recycled (b) 4 wt.%
Co-doped Al;O3 catalyst. Both spectra resemble the
same, confirming the more stable and reusable
nature of the Co-doped Al,O3 catalysts. Thus, the
Co-doped Al,O3 nanoparticles are well suited for
photocatalytic applications with appreciable effi-
ciency, stability and a reusable nature.

CONCLUSION

The effect of Co doping on the structural, optical,
photoconductive, photocataltyic and magnetic prop-
erties of Al,O3 nanoparticles synthesized via pre-
cipitation method has been reported in this paper.
Decreased crystallite size and optical bandgap val-
ues have been observed for the doped samples.
Photocatalytic studies confirmed that Co®* ions
improved significantly the degradation efficiency of
pure Al;O3 under visible light irradiation. Among
the doped catalysts, the 4 wt.% Co-doped AlyO;
catalyst exhibited a maximum degradation effi-
ciency of 95.45% against RhB dye. Recycle tests
confirmed the more stable nature of the Co-doped
Al5O3 catalysts. Thus, Co-doped Al,O3 catalysts are
well suited for practical applications with apprecia-
ble degradation efficiency. Also, due to the magnetic

orderings induced in Al;O3 through Co doping, the
Co-doped Al5O3 catalysts exhibited regenerable and
reusable potentials.
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