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Abstract: Photocatalytic degradation of Ibuprofen (IBU) which is an anti-inflammatory drug was
investigated in aqueous solution by Co-doped TiO2 and bare TiOz synthesized by reflux route. The prepared
catalyst powders were fully characterized using X-ray diffraction (XRD), FT-IR spectroscopy, scanning
electron microscopy (SEM), BET surface areas, X-ray Fluorescence Spectroscopy (XRF), dynamic light
scattering (DLS). Efficiency of photocatalytic activity for synthesized Co-doped and bare TiO> was
evaluated for the degradation of IBU under UV-C and visible irradiation by investigating the effects of
cobalt doping percentage, amount of catalyst, irradiation time, initial IBU concentration, pH and also the
effect of organic and inorganic matrix. At optimum degradation conditions under UV-C light and visible
light, photocatalytic degradation rates were monitored using UV/Vis spectrophotometer, HPLC and Total
Organic Carbon (TOC) analysis. The results showed up the degradation of IBU was improved upon Co
doping. It was detected that complete removal was achieved within 240 min of irradiation under UV-C and
98% of IBU was decomposed under visible light in 300 min.
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INTRODUCTION Ibuprofen's direct and indirect use in everyday life

Marine pollution results from several causes, such
as wastewater discharge from industrial and
commercial sources, products that contain chemical
substances, and widespread usage of medical and
cosmetic products by human beings (1).
Pharmaceutical pollution has attracted particular
attention both due to limited information on its
effects on the environment and its possible deadly
impacts on wildlife, humans, and aquatic
ecosystems (2). One of the pharmaceuticals with a
wide range of usage is ibuprofen, an NSAID (a non-
steroidal anti-inflammatory drug) with low solubility
in water (0.021 mg/mL at 20 °C) but is quite
soluble in most organic solvents. Its usage areas
include the treatment of fever, pain and
inflammation, migraines, and rheumatoid arthritis.

can lead to leaching into groundwater and soil, just
like other pharmaceuticals. The elimination of
pharmaceuticals is important as drug degradation is
not widely included in traditional wastewater
treatment facilities (3).

The elimination of resistant toxic chemicals is
necessary to degrade pharmaceutical organic
pollutants found at different amounts in various
water sources and ensure quality drinking water is
available. To this end, various methods, including
chemical oxidation through chemical-physical and
biological processes, are used. Since persistent
organic pollutants (POPs), which have toxic impacts
on microorganisms, are resistant to known
environmental degradation processes, biological
processes fail to eliminate such pollutants in
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wastewater. For this reason, more effective
degradation techniques must be developed (4). The
process of chemical oxidation, which is not a cost-
effective method for the degradation of pollutants at
high concentrations, is not appropriate for
eliminating all organic pollutants. For this reason,
the removal or degradation of persistent organic
pollutants required the development of a number of
oxidative degradation processes. Degradation and
removal methods are classified into two groups:
Photochemical Advanced Oxidation Processes and
Ozonation Processes. Many studies conducted in
recent years on advanced oxidation techniques
aimed to achieve the degradation of persistent
organic  pollutants by using heterogeneous
semiconductor photocatalysts such as ZnO, FexOs,
TiO2. These studies focused especially on removing
textile dyes from wastewater. Free hydroxyl radicals
are formed by heterogeneous photocatalysis,
particularly the absorption of under 400 nm light.
The formed free radicals are later used in the
degradation of organic pollutants. With its high
photocatalytic activity, superior functionality, and
low cost, TiO2 has an important place in advanced
oxidation technology.

Nevertheless, the rapid electron-hole recombination
has a decreasing effect on the photocatalytic activity
of TiO2 (5). The introduction of extra components,
including metallic and non-metallic doping elements
into TiO2, would reduce the bandgap of TiO2 and
shift the light absorption ability to the visible region
(6). Furthermore, because of its large bandgap (3.2
eV), TiO2 has no activity under visible light. Various
methods have been used to make use of sunlight.
This can be achieved by doping transitional metal
ions such as Ni, Co, Fe, Cu, V, or non-metal doping
such as S, N (7,8,9,10). Hence, some of the major
concerns for enhancing the photocatalytic activity of
TiO2 include a decrease in the work function for
reaction, suitable bandgap to seize visible light, and
higher carrier mobility for lower rates of
recombination of electrons and holes. Co-doped TiO>
has drawn particular attention among these metals
because cobalt has electrical, catalytic, magnetic,
and optical characteristics. Therefore, it is widely
utilized in electromagnetic and photocatalysis
applications (11). In many studies, advanced
oxidation processes (AOP) have been used for the
degradation of NSAID. In order to increase these
degradation rates, the studies in which H>0; or O:
(by pumping) is added to the medium where
photocatalysts are found (12). However, in this
study, although H202 or O2 was not added to the
medium, quite high photoactivity was achieved with
the synthesized Co-TiO2. Many study in the
literature have mostly focused on the use of
commercial TiO2, known as Degussa P25 and
Hombikat UV-100, in suspension form. These
commercial catalysts have disadvantages such as
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having low surface area of 40-60 m?/g, being
excited by UV light and only 5% of the sun (13). In
the present study, the reflux technique was used to
synthesize  Co-doped TiO> for Ibuprofen's
photocatalytic degradation in aqueous solutions
under UV-A or UV-C light.

EXPERIMENTAL SECTION

Materials

Titanium isopropoxide (Ti(OPri)s) C12H2804Ti (97 wt.
%) was provided from Alfa Aesar. 2-propanol
(299.5 wt.%), ethanol (99 wt.%), cobalt acetate
tetrahydrate, methanol (HPLC grade), potassium
hydrogen phosphate, tannic acid, gallic acid, and
Ibuprofen (IBU) were provided by Sigma Aldrich.
Hydrochloric acid (37 wt.%) was purchased from
Riedel de Haén. Potassium nitrate, magnesium
chloride, sodium phosphate, calcium sulfate,
potassium carbonate, sodium hydroxide, and
potassium chloride were purchased by Merck.

Catalyst synthesis

Bare and Co-doped TiO2 nanoparticles (NPs) were
synthesis by a reflux method (14). Applied synthesis
stages are given in Figure 1. For the preparation of
bare TiO2 NPs, the processes were the same as the
method described below in the absence of doping
Co?* ion.

Characterization of the catalyst

The NPs were characterized by X-ray diffraction
(XRD) pattern recorded using the Rigaku RadB-
DMAX II diffractometer. The prepared NPs were
determined with Cu Ka (A = 1.5418 A) radiation at
room temperature to characterize the crystalline
phase of nanoparticles. Bragg angle is 26=25.3° in
the region. The crystallite size of nanoparticles was
determined from XRD peak of spacing according to
the Scherrer’s equation given below.

D:Kixﬂt (Eq. 1)

P YaxXcosQ

The adsorption-desorption isotherms using liquid
nitrogen (77 K) were acquired in a Micromeritics
Tristar 3030 model equipment to define the specific
surface area (Sser) and average pore diameter of all
synthesized samples. The NPs specific surface areas
and pore size distributions were determined by BET
(Brunauer-Emmett-Teller) methodology.

The morphology, size, and size distribution of
samples were investigated by Leo Evo 40 Model
scanning electron microscopy (SEM) equipped with
energy-dispersive X-ray spectroscopy (EDX) was
used. Hydrodynamic diameter, zeta potential, and
particle size distribution of the NPs were defined by
a Malvern Zetasizer Nano-ZS model using the
dynamic light scattering (DLS) method. Elemental
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analysis and chemical composition of NPs was
determined using PANalytical Axios™™* model
energy-dispersive  X-ray  spectroscopy. X-ray
Fluorescence Spectroscopy (XRF) was employed to
determine the atomic percentage of the Co?* with
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respect to titanium. The phase purity and
monitoring functional groups of NPs were defined by
Fourier-Transform Infrared (FT-IR) spectra. The
infrared spectra were acquired on an FT-IR
spectrometer (Spectrum 1000, Perkin Elmer).

Solution A
consists of
Ti(OPri)4 + 2-PrOH

Solution B
consists of
2-PrOH + H.O + HCI +
Co(CH3C00)2.4H20

Both solutions are
stirred for 15 min at
500 rpm

NS

Solution A is added
dropwise to the
solution B on the
magnetic stirrer

v

-

.

After stirring for 15 min, the
mixture was heat-treated on an
oil bath at 120 °C for 6 h

J

U4

The mixture was centrifuged to remove the solvents
from the medium and dried at 80 °C in a vacuum oven.
After the drying process, the sample was heat-treated

again at 120 °C.

Figure 1: The schema of synthesis of Co-doped TiO, NPs.

Evaluation of the photocatalytic performance
of IBU

To use in the degradation experiments for IBU, the
stock IBU solution was prepared at 100 mg/L in
ultrapure water and held in an ultrasonic bath for
complete dissolution. Deionized water used in all

experimental studies was provided from the Elga
Purelab distillation unit. All standard solutions were
diluted from the stock solution, and all solutions
were stored at -5°C in dark glass bottles for one
month. Photocatalytic degradation studies were
performed in an Erichsen 1500 model solar box unit
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with a Xe lamp (Erichsen, Germany) and controllers
for irradiation time and intensity of light. UV light
transmission was interrupted with a cut-off filter
(yellow filter), and photocatalytic studies were
performed under \visible light. At first, the
predetermined amount of catalyst was added into a
dilute solution of IBU in a 50 mL polystyrene
transparent beaker placed in the dark to ensure
adsorption-desorption equilibrium for 90 minutes at
room temperature. According to UV-Vis
spectrophotometric measurements, no significant
change in the IBU concentration in the solution was
observed when the adsorption-desorption
equilibrium was reached.

The solution was irradiated immediately. After
irradiation, the solution was filtered with a 0.45 pm
membrane filter. Degradation of IBU by photolysis
without catalysts was also irradiation under UV-C
light in the solar box. Change of the IBU
concentration in the solution during the degradation
process was measured by a UV-Vis
spectrophotometer (Varian Cary 50, Amax=224 nm
for IBU), and total organic carbon (TOC) in the
solution before and after the irradiation was
determined using a TOC analyzer (Teledyne Tekmar
TOC Torch).

To determine the experimental conditions for
degradation of IBU, the influence of the parameters
such as the amount of catalyst, percentage of Co-
doped TiO,, pH, irradiation time, and initial
concentration of IBU were investigated. The
degradation efficiency was calculated using the
following equation,

Cc.-C
Degradationefficiency(%)z(lcio)x100 (Eq. 2)
0
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where Co represents the first concentration, C; is the
residual concentration of after irradiation at the time
(t). The correlation of In Co/C: with irradiation time
(t) was used to determined degradation kinetics.

In order to define the effect of the matrix on the
photocatalytic degradation process, various anions
and cations, as well as organic substances such as
gallic and tannic acid, were added to the irradiation
medium. The concentration of IBU before and after
the photocatalytic degradation process was
determined using an Agilent 1100 series HPLC
equipped with a photodiode array detector and
Zorbax Eclipse XDB-Cis column. The mobile phase
consists of 20% MeOH and 80% KH>PO4 (pH:3)
mixture. Dynamic calibration range was 0.5-30
mg/L, LOD was 0.15 mg/L, and R2?=0.9992 by
HPLC-DAD for IBU. Every photocatalytic experiment
was done in triplicate.

RESULTS AND DISCUSSION

Characterization of bare and Co-doped TiO2
Figure 2 shows XRD diffraction patterns for reflux-
synthesized bare TiO2> and Co-doped TiO2, XRD
patterns exhibit strong diffraction peaks at 25.24°,
37.62°, 48.22° and 54.72° 26 indicating the
presence of TiO2 in the anatase phase, rutile and
brookite phases were not detected, no peaks
associated with separated cobalt oxide phases such
as Cos304 were detected. This could be either
explained by the fact that the Co2* ions have been
doped into the TiO; lattice since the Co?* ions (0.65
R) are smaller than that of Ti*+* (0.69 &) (15), or
due to the low concentration of cobalt ions to be
detected.
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Figure 2: XRD patterns of bare and Co-doped TiO2 catalysts.

According to the calculations obtained in the
Scherrer’s equation, the average crystallite size of
the bare TiOz, Co-doped TiO2> is much lower
compared to commercial Degussa P25. It was
estimated to be 9.3, 9.2, and 30 nm, respectively.
The specific surface area of bare and Co-doped TiO>
was determined by the Brunauer-Emmett-Teller
(BET) method. It was demonstrated that de Co-
doped titanium dioxide has a higher specific surface
area with 209 m?2/g compared to the bare titanium

dioxide and Degussa P25 with 198 and 56 m?/g,
respectively. The synthesized samples'
microstructure and external morphology can be
explained by the SEM characterization technique
presented in Figure 3. The particle shape shows
similarities and  irregular  blocks due to
agglomeration. These results were in good
agreement with the XRD pattern, which did not
show any clear cobalt oxide peaks in the composite.

A ety
Mag= 4000KX EMT=2000kV SignadA=SE1

WD= {imm

Figure 3: SEM images of bare TiO2 (a) and Co doped TiO2 (b).

To confirm the cobalt oxide concentration in the
synthesized materials, a full elemental analysis was
carried out after the synthesis. EDX results of
elemental analysis of Co-doped TiO: verified Ti, O,
Co, and Cl elements with elements contents of
31.76%, 65.61%, and 0.29% 2.34% (by weight),

respectively compared to bare TiO; that confirmed
the absence of cobalt ions. The chemical
composition of TiO2> samples was identified with X-
ray fluorescence (XRF) analysis. The XRF results are
summarized in Table 1.
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Table 1: Results of XRF of the synthesized bare TiO, and Co-doped TiO, catalysts.

Bare TiO2 (wt. % )

Co-doped TiOz (wt. %)

TiO2 97.42
Co0304 -
Cl 2.37

97.03
0.2115
2.41

The XRF results were compatible with EDX results,
which approximately show the same cobalt oxide
ingredient into the TiO> matrix.

It is also significant the agreement between Cobalt
content measured by DLS presented in Figure 4 and
XRF for the bare and Co-doped TiO: indicating the
good dispersion of cobalt into TiO> matrix and the
similar dimension of agglomerates for Co-doped
TiOo.

Figure 5 exhibits the FT-IR spectra of the bare and
Co-doped TiO, samples. The broad and strong peaks
in the range of 400-1000 cm™ can be ascribed to
the Ti-O and Ti-O-Ti bonds in the sample. The peak
at 3000-3400 cm™ is attributed to the O-H
stretching vibration of Ti-OH and water that
corroborate hydroxyl groups' presence in the
modified TiO, catalysts. The broad absorption peak
observed at 1620 cm™ corresponds to water -OH
bending and C=C stretching.

60 |-

Undoped TiO, /\
50 =

40 |

30 |

Intensity (%)

10 co doped TiO,

] Catalyst
7 Co doped TiO;
1 Bare TiO

Size (nm)
295
82.8; 255
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Particle size (nm)

1 10
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Figure 4: Particle size distributions of the catalysts according to DLS measurements.

In order to better understand the stability and
surface electrostatic charge of the suspended
materials, zeta potential values and isoelectric point
of bare and Co-doped TiO> were determined in
aqueous solution at different pH values, using a
Zetasizer apparatus. The results are presented in

Figure 6 and Table 2. If the systems have a zeta
potential higher than £30 mV in colloidal systems, it
is considered stable. As shown in Table 2 and Figure
6, the catalysts' zeta potential is nearly 35 mV up to
pH values of 4.
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Figure 5: FTIR spectra of bare TiO, and Co-doped TiO, catalysts.

Table 2: The native pH value, isoelectric point, and zeta potential of bare and Co doped TiO..

Catalyst Zeta potential (mV)  Medium pH  Isoelectric point, pH
Bare TiO> 35.3+£0.3 3.14 6.93
Co doped TiO> 34.23 £ 1.0 3.07 6.38
an b - 8- Codoped TiQ, |
lh.i:\ —s— Bare Ti0,
_,-P’y:'_\-h\.
g 20t g 1
= "
g "’ \
=) b
n_ b
= 11
E 20t ] 1
»—_
AD k- _HHHI i
2 2 g 8 10 12

pH

Figure 6: Zeta potentials at different pHs in the 10° M KCI medium of bare TiO..

Effects of parameters on the degradation of
IBU

Effect of adsorption and photolysis

Before irradiation, the mixture of catalyst and IBU
was soaked in the dark for 90 min at room
temperature to reach adsorption equilibrium on the
surface catalyst; no significant adsorption effects
were observed. The photolysis effect was also
investigated and solutions of IBU were irradiated
with  UV-C radiation at 240 min for the

photocatalytic test. After 180 min irradiation under
UV-C light, only 2.50% of IBU was degraded.

Effect of cobalt doping percentage

Several tests were performed to observe the effect
of cobalt doping percentage on the
photodegradation of IBU (Figure 7). The activities
were investigated in the range of 0.25-1.0%. It can
be observed that the degradation increases with
doping concentration from 0.25% (n/n) to achieve
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maximum degradation at 0.5% of cobalt doping, but
further cobalt concentration increase does not
improve degradation, a possible explanation resides
in the fact that when the dopants are excessive,
cobalt ions may not enter TiO: lattice but cover the
surface of TiO2 and form heterogeneity junction so
photocatalytic activity is reduced. Furthermore, as
the concentration of dopant increases, electron-hole
pairs captured overcome the barrier and recombine.
On the other hand, 0.5% Co concentration
considered as the suitable amount dopant since it
can capture photogenerated electrons and decrease
the rate of recombination of electron-hole and
therefore accelerate the photocatalytic reaction.
This result is quite comparable to other reports
(16,17) for sprayed Mo/TiO: films for similar doping
range.

100 =

&0 <

Degradation { %)
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Effect of photocatalyst dosage

The effect of the amount of catalyst on IBU
degradation was studied in the range 0.1-0.4 %
under pH 4.0, and the results are shown in Figure 8.
As seen, IBU degradation increase from 50.33% to
99.7% by increasing catalyst concentration from 0.1
to 0.4%, beyond which the effect is less
pronounced. Thus, a solid to liquid ratio of 0.4%
could be considered the optimum concentration of
catalyst for IBU degradation.

This improvement can be attributed to increasing
active sites on the catalyst surface and the light
penetration of photo activating light into the
solution. Consequently, the formation of electron-
hole pairs and reactive hydroxyl radicals on the
semiconductor's surface increased, which improved
the oxidation of IBU into other intermediates.

rf”/-

T
0,25

T
0,50

Doping % (ni)

Figure 7: Effect of Co doped on photocatalytic degradation of IBU (20 mg/L, 180 min UV-C irradiation, 670
w/m?).
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Figure 8: Effect of amount of catalyst on photocatalytic degradation of IBU (20 mg/L IBU, 180 min UV-C
irradation, 670 W/m?).
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Effect of irradiation time

The degradation profiles of IBU as a function of
irradiation time in the presence of Co-doped TiO: is
shown in Figure 9. The complete removal of the
drug with the initial concentration of 20 mg/L was
reached nearly within 240 min of irradiation. It was
observed that IBU photodegradation augmented
with longer irradiation time directly affects
degradation efficiency. After 240 min of irradiation,
99% of IBU was degraded by catalyst under UV
light.

In order to determine the kinetics  of
photodegradation, the correlation between In C/Co

100 =

Degradation %)
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and irradiation time was plotted (as inset in Figure
9). As can be seen, a good linear correlation existed
between In C/Co and irradiation time, and the
degradation reaction obeys the first-order reaction
kinetics.

Many authors have reported that the kinetic
behavior of photocatalytic reaction can be explained
by a modified Langmuir-Hinshelwood model (18).
At low concentration, the number of catalytic sites is
not a limiting factor, and the rate of degradation is
proportional to the substrate concentration, in
accordance with apparent first-order kinetics.

T T T T T
120 180 240

Irradiafion fme (min)

Figure 9: Effect of irradiation time on photocatalytic degradation of IBU (0.4% wt/v catalyst, 20 mg/L IBU,
pH: 4.0, UV-C irradation, 670 W/m?).

Effect of IBU concentration

The effect of the initial concentration on
photocatalytic degradation of IBU was studied for
six different concentrations of IBU. For this series of
experiments, 0.5% Co-doped TiO, was dispersed in
0.4% w/v added into 5, 10, 20, 40, 60, and 80
mg/L IBU solutions, respectively and irradiated
under UV-C light during 240 min. Figure 10
illustrates the degradation profile of IBU as a
function of the initial concentration. Even at high
concentrations of IBU, the photocatalyst activity is
high.

Effect of pH

pH is considered an important factor since it affects
the surface charge properties of the semiconductor.
To study the effect of initial pH on the degradation
of IBU with Co doped TiO2, experiments were
conducted by changing the pH in the range 2-10.

As shown in Figure 11, the degradation of IBU
strongly depended on the pH solution in the
oxidation process. Increased degradation of IBU was
observed up to pH 4.0, after which degradation was
significantly less effective. When the results are
evaluated, the optimum pH for degradation of IBU
in an aqueous solution is pH 4. TiO2 particles tend to
form agglomerates when dispersed in alkaline
aqueous media. When studied in acidic conditions,
agglomeration is reduced, thus increasing the
catalyst's effective surface area.

Effect of organic and inorganic water matrix

Wastewater may contain various pollutants; organic
solvents and inorganic substances are in general
present in industrial water. In order to determine
the effect of the organic matrix, gallic acid (170.12
g/mol) as low molecular weight and tannic acid
(1701.19 g/mol) as high molecular weight were
added as organic compounds commonly found in
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real waters. In this study, 0.5% Co-doped TiO> was
added to 20 mg/L of IBU solution, and the final
concentration of the above organic acids was added
to the solution as 10, 20, and 30 mg/L; the mixture
was maintained over 90 min in the dark to ensure
adsorption-desorption  equilibrium. Immediately
following this, the irradiation experiments were
carried out under UV-C light for 240 min. As seen in
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slightly affects the photocatalytic activity of Co-
doped TiO2 in the degradation of IBU. Thus, the
higher the organic compound concentration, the
more the deactivation effect, degradation
percentage of IBU decreases about 8.11% and
7.25% in the presence of 30 mg/L of tannic acid
and gallic acid considered as the large and small
molecular weight of organic compounds.

-—

Figure 12, the presence of organic compounds

100 -
50 -

o

g

= &0

= L

: \./

=

m

o 404

[2F)

O
20 J
:l L h L] L] h

i] 10 20 20

20

]

T B0 20

T
a0

Initial concentration of IBL (mail)

Figure 10: Effect of the initial concentration on photocatalytic degradation of IBU (0.4% wt/v catalyst, pH:
4.0, 240 min UV-C irradiation, 670 W/m?).
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Figure 11: Effect of pH on photocatalytic degradation of IBU (0.4% w/v catalyst, 20 mg/L IBU, 240 min
UV-C irradiation, 670 W/m?).

As can be deduced from Figure 13, the inorganic
matrix apparently caused a stronger deactivation
effect than the organic matrix. In the presence of
inorganic acting as hydroxyl radical scavengers,

competition for free radicals and blockage of
catalyst active sites by adsorption of anions such as
Cl-, PO43, NO*, S04, CO3% and cations such as
Mg?*, K*, Ca?*, and Na* to form a surrounding layer
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that may also be responsible for decreased
efficiency of catalyst directly affecting photocatalytic The optimal photocatalytic degradation conditions

efficiency. for IBU are summarized in Table 3.
Y
Bl tcrnic acid
[ Jgallic acid
=204
_E &0
B
=
=
&
]
204
W T T 1
5 10 15 20 25 30 35

Concentration {ma/L)

Figure 12: Effect of organic matrix on photocatalytic degradation of IBU (0.4% w/v catalyst, 20 mg/L IBU,
240 min UV-C irradation, 670 W/m?).
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Figure 13: Effect of inorganic matrix on photocatalytic degradation of IBU (0.4% wt/v catalyst, 20 mg/L
IBU, 240 min UV-C irradation, 670 W/m?).

Table 3: The optimum conditions of photocatalytic degradations for IBU.

Conditions IBU
Initial concentration, mg/L 20
Adsorption-desorption 90
equilibrium ,min

Amount of catalyst, w/v 0.4
UV light intensity, W/m?2 670
pH 4.0
Illumination time (UV-C), min 240
Illumination time (Vis), min 300

Results of photocatalytic degradation of IBU of IBU degradation as a function of time is almost

The photocatalytic degradation of IBU was studied similar for different analytic techniques that confirm
by liquid chromatographic analysis, UV-Vis analysis, the wused methods' \viability. The maximum
and total organic carbon elimination. The evolution degradation rate was obtained at 224 min of
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irradiation time with an average degradation rate

with different methods of 99.43%.

Maximum IBU absorbance is observed at 224 nm,
and with increasing irradiation time from 60 to 240
min, the absorption decreased gradually to a value
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near blank (Figure 13). The same results were
confirmed by HPLC analysis presented in Figure 14
and performed with the same protocol of UV-Vis
analysis in order to compare the performance of
both analytical methods.

0.5
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0.2

0.1

0.0

20 mg/L IBU (catalyst medium)
60 min irradiation

120 min irradiation

180 min irradiation

240 min irradiation
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T
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T T 1
300 350 400
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Figure 14: UV-Vis spectrum of the effect of irradiation time on photocatalytic activity of IBU.

The limitation of detection (LOD) and quantification
(LOQ) values for IBU degradation are 0.05 and 0.2
mg/L, respectively, according to HPLC analysis and
0.38 and 1.28 mg/L respectively, with the UV-Vis

spectrophotometric measurements. The values
enable us to evaluate the suitability of the used
analytical technique and compare both analytic
methods (Table 4).

s

Figure 15. HPLC chromatogram of the effect of UV-C irradiation time on photocatalytic activity

(---- 20

ppm IBU (catalyst medium), ----60 min irradiation, ----120 min irradiation, ----180 min irradiation, ----240
min irradiation, ----Blank (catalyst medium).
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Table 4: Results of IBU degradation according to different analysis methods.

Catalyst Degradation (X %= sd), n=3
UV/Vis Spect. analysis TOC analysis HPLC analysis
UV-C light, Vislight, UV-Clight, Vis light, UV-C light, Vis light,
240 min 300 min 240 min 300 min 240 min 300 min
Co-doped 100+£0.75 98.06+1.12 98.76%+2.15 97.04%+1.94 99.54+1.14 98.16+2.44
TiO2
TiO2 97.56+1.06 24.96%+1.99 91.07+£2.01 21.97+2.16 93.11+0.99 21.82+1.73
Degussa P25 96.42+2.04 22.25+0.58 90.95+2.26 17.03+2.66 95.47+0.85 19.78+2.13

CONCLUSION

Under UV-C light, the photocatalytic efficiency of
Co-doped TiO2 was found to be as efficient as bare
TiO2 and Degussa P25. Degradation percentage
does not present any significant difference between

all of them, achieving more than 98% of
degradation after 240 min. Under Vvisible
illumination, the degradation of IBU shows

noteworthy differences with what we observed
under UV-C illumination. First, the degradation ratio
of bare TiO2 and Degussa P25 decreases drastically
to 24.96% and 22.25% respectively, the low activity
of P25 could be explained by the low adsorption of
IBU particles on the surface of P25 due to its high
pore volume and pore diameter resulting with a
decrease in degradation ratio.

The results indicate that the photocatalytic activity
of TiOz in the visible range is greatly improved by
cobalt doping; firstly, Co-doped TiO> presents a BET
surface area of 209 m?/g that is fourfold the value
of the Degussa P25 (56 m?2/g) and higher than bare
TiO2 198 m?/g and since the photocatalytic activity
increases with increasing BET area which reveals
the higher activity. On the other hand, the presence
of cobalt can efficiently inhibit the agglomeration of
TiO; particle, so that Co-doped TiO> possesses more
active sites than bare TiO> and exhibits a higher
degradation ratio, it's at least factor 4.5 compared
to the other catalyst.

Photodegradation of IBU in aqueous solutions with
the catalysis of reflux-synthesized Co-doped TiO:
with nanocrystalline size (9 nm) was studied.
Anatase was the only crystalline phase.

Performance of synthesized bare and Co-doped TiO2
in photocatalytic degradation under UV-C and visible
irradiation was studied by investigating the effects
of cobalt doping percentage and catalyst irradiation
time, initial IBU concentration pH, and also the
effect of inorganic and organic water matrix. The
results showed that the degradation of IBU was
improved upon Co doping. It was observed that
0.5% Co doping TiO2 and 0.4% w/v sol could
degrade 20 mg/L of IBU within 240 min under UV-C
irradiation and 300 min visible irradiation at
pH=4.0. The degradation reaction of IBU basically
followed the first-order reaction kinetics. Effects of

the inorganic and organic matrix on the degradation
were examined, and it was found that the inorganic
matrix apparently caused a stronger deactivation
effect than the organic matrix. Thus, decreases in
IBU degradation was observed after 240 min of
treatment with 88% of degradation compared to the
absence of water matrix with degradation ratio who
reaches 93%, whereas organic matrix slightly
decreases the degradation ratio.

The results were compared with Degussa P25 TiO>2
at the same degradation conditions; it was found
that the synthesized Co-doped TiO> showed higher
photocatalytic activity than bare TiO> and Degussa
P25 under visible irradiation.
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