RSC Advances

RSC Advances

ROYAL SOCETY
OF CHEMISTRY

ROYAL SOCIETY
OF CHEMISTRY

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. This Accepted Manuscript will be replaced by the edited,
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

WwWWw.rsc.org/advances



Page 1 of 7

Journal Name

Cite this: DOI: 10.1039/x0XX00000X

Received ooth January 2012,
Accepted ooth January 2012

DOlI: 10.1039/X0XX00000X

www.rsc.org/

RSC Advances

RSC

Fast photocatalytic degradation of congo red using
CoO —doped Ga,03 nanostructures

Minoo Ba%heria, Ali Reza Mahjoub **, Abbas Ali Khodadadi °* and Yadollah
Mortazavi

In this investigation, the influence of cobalt (11) oxide on the photocatalytic activity of Ga,03
rod-like nanostructures in the presence of 30 ppm congo red is studied. Samples of Ga,O;
doped with 1, 2, 3 and 5 wt% CoO were synthesized by employing a facile co-precipitation
method using aqueous solutions of Co(ll) chloride and gallium nitrate and CTAB as a structure
directing agent and characterized by X-ray diffraction, energy-dispersive X-ray, scanning
electron microscope, photoluminescence, BET surface area, UV-vis diffuse reflectance
spectroscopy and point of zero charge techniques. The samples containing up to 2 wt% of CoO
calcined at 900°C revealed that only monoclinic structure of Ga,Oj is formed. Despite equal
phase of B-Ga,0s;, two other phases of CoGa,O, and a-Ga,0; were observed in X-ray
diffraction pattern of samples containing 3 and 5 wt% of CoO, respectively. UV-vis diffuse
reflectance spectroscopy showed significant reduction in band gap upon increasing in their
CoO content, indicating incorporation of CoO in gallia lattice. The sample containing 3 wt%
Co0-Ga,03 can remove 30 ppm of congo red readily within 75 minutes and it exhibited a high
photo-degradation activity at about 82.5% after 80 h of irradiation. These results suggest that
CoO-gallia /UV photocatalysis may be envisaged as a method for treatment of diluted colored
waste waters not only for decolorization, but also for detoxification in textile industries. The

photocatalytic degradation of dye in the solution obeys first order reaction Kinetics.

Introduction

In recent years, worldwide attention to environmental problems
has continued to increase. Unfortunately, use of synthetic dyes
(such as azo dyes), especially in the textile industries, and
discharge of wastes, containing these toxic compounds into the
aquatic systems are considered as environmental threats among
the researchers in this field.'® Azo dyes, consisting of azo
bonds (—N=N-) as chromophores, are a well-known class of
dyes, which are highly toxic and even carcinogenic to animals
and humans, and are not readily degradable.*

Due to their complicated aromatic structures, diazo dyes (e.g.,
Congo red (CR) (sodium salt of benzidinediazobis-1-
naphthylarnine-4-sulfonic acid)) are thermally and optically
stable, and thus difficult to decompose However,
photocatalytic decomposition of such pollutants is a clean and
repeatable way to decrease their harmful effects.> ®

Metal oxide semiconductor (MOS) materials, because of their
special properties, have been used for various applications such
as electronics, optics, thermoelectronics and photoelectronics. It
is interesting to note that type, morphology, size, and structure
of MOSs play a major role in the characteristics of these
materials. Therefore, by controlling the synthesis parameters, it
becomes possible to prepare these oxides with specific
properties suitable for particular applications.”®

Among the MOSs, which are employed as photocatalysts, [3-
Ga,03; is a new environmentally friendly material that possesses
a much wider band gap (4.8 eV)® relative to that of TiO, (3.2
eV).2° This feature leads to the enhancement of the mobility of
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photo-generated electrons and the promotion of charge
separation.’! The positions of conduction bands CB) of P-
Ga,05 and TiO, are at -2.95 eV'? and -4.21 eV,° respectively.
Thus, the photo-generated electrons in the CB of f-Ga,03 have
much higher reductive capability than those of TiO,. In
addition, the photo-generated electrons in the sp hybridized
band of gallium (Ga: 4s4p) have high mobility owing to large
band dispersion.”® The higher mobility of photo-generated
electrons will improve the separation efficiency of photo-
generated holes and electrons. Therefore, deactivation of the
catalyst should not cause much concern.™®

In order to improve the photocatalytic efficiency of MOSs,
various modifications have been carried out such as: a) surface
modification by means of noble metals or coupling with other
semiconductors, b) sensitization through the narrow band gap
semiconductors or organic dyes, and c) doping the ions with
other metal and non-metal ions.**'” The p-n diode-type
photocatalysts have attracted much attention in recent years.!®
Cobalt oxide CoO is p-type semiconductor with a band gap
energy at around 2.4 eV'® and interesting electronic and
magnetic properties?® that may be attractive and suitable to
photodegradation of organic pollutants.®

In this work, our strategy relies on the effect of CoO on gallia
photocatalytic activities. We herein report synthesis of CoO-
doped Ga,03; nanostructures for photodegradation of 30 ppm
congo red. The photocatalytic activity of the samples
substantially changed with their CoO content.

Experimental
Reagents and chemicals
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Analytical grade Cobalt (I1) chloride hexahydrate (CoCl,.6H,0,
Aldrich), absolute ethanol, and gallium nitrate hydrate
(Ga(NO3)3.xH,0, Aldrich) were purchased and employed
without further purification. The number of water molecules,
“x”, in Ga(NO3)3.xH,0O was determined by thermogravimetric
analysis (TGA), and found to be 8. The CR (purity 99%,
Aldrich) was used as received.

Synthesis of materials

Synthesis of CoO- doped p-Ga,O; nanostructures

First, a proper amount of CTAB was dissolved in 20 ml double
distilled water; so that the mass ratio of the gallia precursor to
CTAB was 10:1 in all the samples. Afterwards,
Ga(NO3)3.8H,0 and m (g) of CoCl,.6H,0 were added into the
solution to acquire the needed percentages of CoO (0, 1, 2, 3
and 5 wt%). After 10 min of vigorous stirring, a 1 M NH,OH
solution was added to the mixture to adjust the pH at about 9. A
cloudy mixture was formed, which was kept at 60°C for 7 h.
The white/violet precipitate was separated, washed with double
distilled water, dried at 60°C under vacuum and eventually
calcined at 900°C for 2 h. The samples were denoted as GC-x,
wherein “x” specifies the percentage of CoO.

Characterization

The size and morphology of the f-Ga,O3 nanostructures were
observed via the scanning electron microscopy (SEM) at an
accelerating voltage of 17.0 kV by a Philips XL30 microscope
(The Netherlands) while the field emission scanning electron
microscopy (FESEM) at an accelerating voltage of 20.0 kV by
a ZEISS SIGMA VP microscope was used for CoO- loaded B-
Ga,0; samples (German). The energy dispersive X-ray (EDX)
analysis was performed by the same microscopes to examine
the elemental compositions of the samples. The wide-angle X-
ray diffraction (XRD) patterns of the oxide powders were
recorded on a Philips Xpert diffractometer (The Netherlands)
using Cu Ka radiation (A = 1.5418 A) to identify the crystalline
phases. The specific surface areas (SSA) of the nanocomposites
were determined by nitrogen adsorption through a CHEM-BET
3000 instrument using the Brunauer-Emmett-Teller (BET)
equation. Prior to the SSA measurements, the samples were
degassed for 0.5 h at 300°C at atmospheric pressure. The
photoluminescence (PL) spectra were recorded by means of a
Perkin-Elmer LS-5 Iluminescence spectrometer with an
excitation wavelength of 290 nm at RT. The ultraviolet-visible
diffuse reflectance spectra were recorded on an Avantes
avaspec2048tec reflection probe (fcr-7uv400) using BaSO, as a
reference. The surface charge densities and points of zero
charge (PZC) of the samples were measured with the aid of a
Zeta Pals Brookhaven (U.S.A.) instrument.

Evaluation of photocatalytic activity

The CR (C.I. Direct Red 28 C3,H»4NgOgS,.2Na) was chosen as
model pollutant to evaluate the photocatalytic activity of the
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samples. The irradiation experiments of CR were carried out on
stirred aqueous solutions in a cylindrical quartz UV reactor,
containing about 50 mL of a 30 ppm aqueous CR solution, in
presence of about 25 mg of the CoO-Ga,0; photocatalyst. The
suspension was sonicated for 5 min and subsequently stirred in
the dark for 30-45 min (depending on the type of samples and
their darkness time found based on the absorption experiments),
to establish the adsorption/desorption equilibrium on the
semiconductor surface before UV irradiation. The irradiation
was done with a UV lamp (30W, UV-C, A = 253.7 nm, 4.89 eV,
Philips (The Netherlands). The temperatures of the samples did
not exceed 20°C, owing to the circulation of tap water in the
jacket of the UV reactor. Perpendicular UV irradiation was
applied when the distance between the UV source and the
reaction mixture was almost 15 cm. Air was blown into the
reaction mixture by an air compressor, to maintain the oxygen
saturation in the solution during the course of reaction.
Analytical samples were taken from the reaction suspension
after specified reaction times, immediately centrifuged at 6000
rpm for 10 min to remove the particles, and further analyzed
through monitoring their absorbance at 497 nm using an
ultraviolet-visible (UV-Vis) spectrophotometer (Shimadzu UV
2100). The concentration of dye in each degraded sample was
determined at Apa = 497 nm, using the calibration curve. With
this method, the percent removal of CR could be attained at
different intervals. The percent removal was calculated by the
following equation:

% Removal = (C;— C,)/C; x100 Q)
where, C; is the initial concentration of dye and C; is the
concentration of dye at any given time.

To scrutinize the impact of pH on the removal of CR, the pH of
the dye solution was altered (in the range of 4-9) by adding
incremental amounts of 0.1 M HCI/NaOH. Extra studies were
conducted on the CR dye at an optimum adjusted initial pH.
The chemical oxygen demand (COD) test is extensively
employed as an effective technique to measure the organic
strength of wastewater. This test allows measurement of waste
in terms of the total quantity of oxygen required for oxidation
of organic matter to CO, and water. In the present work, the
open reflux method was used for COD determination.?

The photocatalyst stability tests were carried out in the same
way as the photocatalytic activity tests, but repeated four times.
Results and discussion

Characterization of CoO- doped p-Ga,0; nanostructures
The results of elemental analyses of the samples, determined by
EDX, are in good agreement with the nominal compositions of
the samples (Fig. S1 and Table 1).

Table 1. EDX analysis, BET surface areas, crystallinity, band gap and photocatalytic properties of the samples.

Ga Co Tdark TRemoval Band BET area Crystallinit
Samples — (og)  wiw)  (min)  (min)  PRemoval ooev) (i) y(%) g
G 100 : 20 120 59.4 4.96 315 685
GC-1 98.8 12 20 120 625 48 38.1 -
GC-2 97.5 25 20 120 75.2 4.7 402 66.5

This journal is © The Royal Society of Chemistry 2012
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GC-3 96.4 3.6 30 75 99.7 4.6 51.3 55.1
GC-5 94.7 5.3 30 90 99.5 4.5 55.4 43.6

The SSA of the samples, comprising various proportions of
CoO, is listed in Table 1. It is evident from Table 1 that the
surface areas of the samples are enhanced upon adding more
cobalt (1) oxide to gallia. A sharp increase in the SSA is
observed for the sample containing 3 wt% of CoO.

Fig. 1 depicts the X-ray diffraction (XRD) patterns of the
samples. As seen in Fig. 2, for these samples, containing 0-2
wt% CoO and calcined at 900°C, the Bragg diffraction peaks
(in the range of 20 = 20™—80") exhibit the typical patterns of a
monoclinic structure of B-Ga,03, which is consistent with the
reported data by the JCPDS card no. 43-1012, with lattice
parameters of a = 12.23, b =3.04, c = 5.80 A, and p = 103.7°.
In the XRD patterns of the samples, with 0-2 wt% CoO, no
peak can be assigned to any known phase of CoO, probably
because of the low content of CoO and/or small crystallite sizes
not detected in the XRD patterns. For GC-3 sample, not only
the B-Ga,0; phase but also a few reflections of CoGa,0, mixed
metal oxide, with cubic structure and lattice parameter of a =
8.325 A (JCPDS file No. 11-0698), are observed. In the case of
GC-5 sample, two phases of gallium oxide (a0 and P) are
observed.

The crystallinity of the samples is determined by the ratio of the
crystalline area to the total area of each XRD pattern. As shown
in Table 1, the crystallinity decreases upon adding cobalt (I1)
oxide to gallia so that the sample containing 5 wt% CoO has the
lowest crystallinity among GC samples. Co?* probably does not
substitute for Ga>*, due to having an ionic radius greater than
that of Ga®,? and the stoichiometry of the gallia may
deteriorate because of the excess O and the incorporation of the
CoO in the composed samples. Moreover, CoO can act as
crystal growth inhibitor resulting in lower crystallinity of the
samples. Similar behavior was observed for some metal
oxides.?*%

" G205

* CoGa,0,

(311)/ (202)

(401)
(600) /(112)
(510)

Relative Intensity (a.u.)

(511) /(203)

(201)

20 (degree)
Fig. 1 XRD patterns of (0-5 wt%) CoO -Ga,0; samples
calcined at 900 °C for 2 h.
The PL spectra of the samples containing 0, 1, 3 and 5 wt%
cobalt (I1) are displayed in Fig. 2. The PL spectrum of the pure

This journal is © The Royal Society of Chemistry 2012

Ga,0; consists of one broad band, comprising some Gaussian
bands centered at around 373, 414, 447 and 496 nm, which is
ascribed to the recombination of an electron on a donor (oxygen
vacancies) and a hole on each acceptor (gallium—oxygen
vacancy pairs).?® The band intensity appreciably decreases,
which can be attributed to a decline in recombination rate of
electron-hole pairs in GC samples.

As a result, BET values (increasing in SSA upon adding CoO)
relate to decline in the particle size and/or increase in surface
defects. PL spectra show no increase in peak intensity related to
surface defects such as O-vacancies. Consequently, CoO can
act as crystal growth inhibitor and increase SSA due to a
decrease in particle size of the samples.

—GCS5
3
g -=-=GC3
z
é ..... GC-1
B -G
=
=
S
~

. Py o,
300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)
Fig. 2 PL spectra of G, GC-1, GC-3 and GC-5 samples.

Morphologies of the samples, (both dried and calcined at
900°C), were recorded using the SEM. The images are
illustrated in Fig. 3 (a-c) for G, GC-3 and GC-5, respectively.
The morphology of the G sample is like a collection of attached
sheets creating rod-like structures (Fig. 3a). The sheet-like
structures exhibit an average length of 1.5 pm. In the case of
GC-3 (Fig. 3b) the morphology is transformed from sheets into
wheatear-like structures. The GC-5 is composed of attached
wheatear-like structures which create spindle-like structures
with a decline in the particle size of the sample.

Some of the UV-Vis DRS spectra of the samples are displayed
in Fig. 4a. The optical band gaps of the samples are estimated
by extrapolating the linear portion of the square of absorption
coefficient against photon energy using the equation below?’:
(ahv)? =B(hv — Eg) )

wherein B is a constant. Fig. 4b depicts the (ahv)? versus
photon energy (hv) plots of the above-mentioned samples. As
seen in Fig. 4a, pure gallia exhibits a strong absorption in the
short-UV region at approximately 250 nm with an optical band
gap at roughly 4.96 eV, which is slightly larger than the values
reported in previous works. * %’

J. Name., 2012, 00, 1-3 | 3
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EHT = 1500V Signal A = SE2 Date -4 Mar 2014 7 EMT + 15,004V Signal A « SE2 Date :4 Mar 2014
WD « 105 mm Mags SO0KX Time:14.03:14 WD 105 mm Mags 2000KX Time :14:04.58

ENT = 1500 kV Signal A = SE2 Date :4 Mar 2014
ENT = 1500kV Signal A = SE2 Date :4 Mar 2014 WD = 105 mm Mags 2000KX Time:14.0845
WD = 105 mm Mag= SO00KX Time:14:07:37 -y

Fig. 3 SEM images of: a) G, b) GC-3and GC-5 samples (2um and 500/200 nm scales).

This is due to the absorption of light caused by the excitation of gallia band gap. This may indicate that CoO may be doped to
electrons from the VB to the CB of gallia® (Table 1). The gallium oxide phase. These results are also in accordance with
results indicate that addition of CoO has significant effect on the results of XRD and PL. From G to GC-5 samples the

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 4
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decrement of band gap is at about 0.46 eV which is smaller
than that of pure gallia. This is analogous to the findings for
Sm,03-Zn0O in our previous study.?®

Fig. 3 SEM images of: a) G, b) GC-3and GC-5 samples (2um
and 500/200 nm scales).

(ihy)?

Abs (a.)

4 4.5 a 5.5 6
Energy (eV)

200 250 300 400 450 500

Wavelezfgth (nm)
Fig. 4 a) Optical absorption spectra of the 0, 1. 2, 3 and 5 wt%
C00-Ga,0; samples and b) (ahv)? versus photon energy plots
of the mentioned samples.

Photocatalytic activity

Effect of pH on removal of dye

Fig. 5a presents the removal efficiency versus pH (4-9)
measured at 30 ppm concentration of CR under UV irradiation
for 2h at RT for G and GC-3 samples. The adsorption
percentage of CR was increased by decreasing the pH to acidic
range. Raising the pHs of solutions up to 8-9 caused the
opposite and no adsorption was detected at pH of 9. The
maximum removal efficiency of CR dye occurs at pH of 6.
Accordingly, the pHs of all other solutions with various
percentages of cobalt (I1) oxide were adjusted to an optimum
pH of 6 to improve the performance of adsorbent.

The surface charge data plotted as the 80—pH curves for the G
and GC-3 samples are depicted in Fig. 5b. As seen in this Fig.,
in the pH range of 4-9, there is a linear decrease in surface
charge with pH, which is subsequently followed by a sharp
decline at pH level of about 9 for both samples. Furthermore,
the surface charge densities, PZC values, increase with a rise in
the CoO content of the samples. PZC values, determined from
the 80—pH curves, are 6.3 and 6.9 for the G and GC-3 samples,
respectively.

With regard to the PZC of photocatalyst surface and the nature
of dye (cationic, anionic, or neutral), pH of solution has a
significant impact upon the adsorption efficiency of dye on the
adsorbent surface. In pHs < PZC, the adsorbent surface is
positively charged and owing to the anionic nature of CR, the
electrostatic attraction leads to dye adsorption and the
improvement of removal efficiency of CR; while in pHs > PZC,
the surface is negatively charged,® and so the electrostatic
repulsion is enhanced and the removal efficiency of CR is
reduced. Another explanation for the effect of acidic pHs has
also been reported which is based on the existence of hydrogen

This journal is © The Royal Society of Chemistry 2012
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bonds between the photocatalyst's hydroxyl groups and the
sulfonate or amine sites of dye molecules.®* As the pH of CR
solution increases, an extreme decrease in adsorption takes
place. Normally, at higher pHs, the OH™ anion can compete
with the anionic sites of CR dye and be adsorbed onto the
positively charged groups of photocatalyst, which in turn
results in the blocking of activated sites.>!

100

=) 0
o (=]

4
(=]

Removal Efficiency (%)

20 §

(=]
[

—
w

w

w

. Surface Charge (60) [umolig|

—
w

25

Fig. 5 Removal efficiency percentage versus pH for a) G and
GC-3 samples, condition: 0.025 g photocatalyst, 20 ml of CR
dye with 30 ppm concentration, irradiation time 2h at room
temperature. b) The 80—pH curves for G and GC-3 samples.
Effect of CoO content on CoO-doped B-Ga,03
nanostructure photocatalysts

The absorption spectra of a solution of 30 ppm CR in presence
of photocatalysts (i.e., G, GC-1, GC-2, GC-3 and GC-5) under
UV light irradiation are displayed in Figs. S2(a-e). For the G
sample, the maximum percent removal of CR is roughly 59.4 %
under UV light irradiation for 120 min. On the other hand, there
is a small change in the CR concentration in the solution with
the rod-like gallia sample. Introducing 1 to 5 wt% CoO
increases the percent removal of CR to the range of 62.5-
99.7%. As the CoO content was raised up to 3 wt%, the
removal efficiency of CR improved. For GC-5 sample, percent
removal remains almost constant. Nonetheless, there is a
slightly difference in their removal times (Fig. S2 and Table 1).
The maximum percent removal occurs in the GC-3 sample, and

J. Name., 2012, 00, 1-3 | 5
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is measured to be 99.7% after approximately 75 min. Our
results verified that removal of CR in GC photocatalysts is
greater relative to pure gallia.

The photocatalytic performance could be ascribed to high
surface area, value of band gap and differences in the rate of
recombination, crystallinity of a photocatalyst, morphology,
low degree of agglomeration, type of polymorph and lattice
structure, defects (especially oxygen vacancies), and adsorptive
affinity.™® * According to the BET and XRD results, presence
of CoO was the main factor that enhanced the photoactivity of
gallia. An increase in surface area of the samples raised the
number of available surface active sites, which in turn caused
the adsorption of more dye molecules on the surfaces of
photocatalysts.

To the best of our knowledge there is no evidence that
CoGa,0,4 and a-Ga,0O3 are used as a photocatalyst for removal
of pollutants. CoGa,0O, is a mixed oxide formed of two metal
oxides as follows:

2 CoGa,04 —2 Ga,03 +2Co0 (3)

A sharp increase in the SSA is observed for GC-3 compared to
pure gallia. Also, PL spectra show that the recombination rate
for GC-3 is lower than that for other samples. Appropriate
reduction of the band gap energy and presence of two phases of
CoGa,0, and B-gallia have a major role in reduction of
recombination rate. As a result, GC-3 shows maximum
efficiency for degradation of CR.

Generally, the synergic effects of two parameters mentioned
above (SSA and presence of two phases of CoGa,O, and a-
Ga,0,) by addition of cobalt (I1) oxide up to 3-5 wt%, may lead
to further enhancement of the photocatalytic activity of the GC-
3 and GC-5 samples.

Kinetics of photocatalytic degradation of CR

In order to know the kinetics of photocatalytic degradation of
CR in the solutions suspended on GC-x samples in Figure S3,
different kinds of kinetics orders are attempted expressing the
reaction Kkinetics as shown in Table 2. Each correlation
coefficient was calculated from the kinetics equation, where Ry,
R; and R, represent the correlation coefficients of zero, first and
second order rate equations, respectively. Comparison between
these correlation coefficients shows that R; has the best
correlation for the different photocatalysts in Table 2.
Therefore, it is suggested that the photocatalytic degradation of
CR in the solutions suspended on CoO-loaded Ga,O3 samples
belongs to first order reaction kinetics. From Table 2 it is seen
that the K,values, rate constant of first order reaction kinetics,
are in good agreement with the results of photocatalytic
degradation of CR in Figures S2 and Table 1.

Kinetic of the total mineralization of the dye

Fig. S4 presents the COD values for the best photocatalysts
(GC-3 sample). As illustrated in this Fig., the COD value of the

RSCPublishing

initial color solution drastically diminishes after 80 h,
indicating the great potential of GC-3 photo-degradation
process for the removal of CR from wastewater. The photo-
degradation efficiency was found to be 82.5% after 80 h in
presence of 30 ppm of CR. Turnover number is defined as
[(moles of decomposed pollutant)/ (initial mole of the
catalyst)]. ** ** In this work, after 80 h of irradiation, 82.5% of
the initial CR was decomposed by GC-3, corresponding to
turnover numbers of about 1.3. Additionally, GC-3
photocatalyst was very stable during four repeated experiments
(Fig 6a). The XRD patterns of the GC-3 photocatalyst before
and after repeating the reaction for four cycles are displayed in
Fig. 6b. This Fig. obviously proves that the structure of
photocatalyst remains intact and no adsorption takes place on
its surface. However, the diffraction intensity is reduced due to
a decrease in the crystallinity of the sample. A similar
observation has been reported by others.*® %

a
1 9

Light on
08

0.6

CICy

04

02

0 Ly L g g % R
-30 0 30 60-30 0 30 60-30 0 30 60-30 0 30 60
Reaction Time (min)

——GC-3 Beforetest
=—GC-3 Aftertest

Relative Intensity (a.u.)

20 (degree)
Fig. 6 Cycling run in the photodecoloration of CR in presence

of GC-3 sample under UV light irradiation(a) and XRD pattern
of GC-3 before and after photocatalitic test (b).

Table 2. Kinetics equation of photocatalytic degradation of CR.

Samples Order(s) Ky(min) Ro R, R,
G In (CO/C)=0.0072t-0.0345 0.0072 0.0058 0.9904 0.9837
GC-1 In (CO/C)=0.0086t-0.0539 0.0086 0.0237 0.9923 0.9609
GC-2 In (C0/C)=0.012t-0.081 0.012 0.0864 0.9786 0.9022
GC-3 In (C0O/C)=0.0651t-0.2225 0.0651 0.1395 0.9878 0.85
GC-5 In (C0O/C)=0.0602t-0.5233 0.0602 0.23 0.9701 0.9336

This journal is © The Royal Society of Chemistry 2012
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Conclusions 12
Photocatalytic activity of CoO-dopeed B-Ga,O; nanostructures 13
containing various proportions of CoO in presence of 30 ppm '
CR was investigated. The photocatalysts are successful notonly 14
in decolorization, but also in degradation and mineralization.
The organic part was converted into mineral compounds as 15,
testified by the elimination of COD. The photocatalysts show
maximum percent removal at RT, depending on the CoO 16.
content, type of phase and and SSA value. DRS UV-vis
showed significant reduction in band gap upon increasing in ig
their CoO content, indicating incorporation of CoO in gallia '
lattice. Therefore, presence of two phases of CoGa,O4 and a- 19
Ga,0; in GC-3 and GC-5 samples, respectively gives B-gallia a
greater photocatalytic efficiency. The sample containing 3 wt%  20.
CoO shows the highest photocatalytic efficiency after 75 min of  21.
UV irradiation. Furthermore, photocatalytic activity of the
sample containing 5 wt% of CoO tends to remain almost
constant. Nonetheless, there is a slight difference in their 2232'
removal times. The photocatalytic degradation of CR in the '
solution is quite consistent with first order reaction Kinetics. o4
Our findings may provide some insight into the preparation of
the photocatalysis with superior performance in practical 25.
applications.
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