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ABSTRACT

PAPER INFO

Nickel titanium oxide (NiTiO3) nanoparticles were synthesized at low temperature in non aqueous medium
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by modified Pechini method using ethylene glycol and citric acid as polymeric precursors. The structural and
morphological characteristics of the products were studied by X-ray diffraction, fourier transform infrared
spectroscopy (FT-IR), UV-Visible diffuse reflectance spectroscopy (UV-DRS), scanning electron microscope
(SEM) and energy dispersive X-ray spectroscopy (EDAX). XRD patterns of powder revealed crystalline

rhombohedral NiTiO3 obtained at 700 ° C and this crystalinity increased with temperature. SEM images
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estimated that the grain sizes of NiTiO3 to be in the range 10-250 nm. DRS spectra reveal two peaks, one at
around 440-450 nm and another one at around 740-750 nm. The band gap energy was calculated using Tauc
plot and it was found to be 1.67 eV. In this study, photocatalytic properties of NiTiO3 on sulfamethoxazole drug
degradation was investigated which has not been reported elsewhere and results shows that it is a prominent
material for photodegradation of drug in the range of visible light.

doi: 10.5829/ijee.2017.09.01.05

INTRODUCTION

Human pharmaceutical and their metabolites are
discharged by sewage treatment plants to river, lake, and
seawater. Numerous studies have shown that the
pharmaceutical residues are widespread in the aquatic
environment [1-3]. Sulfonamide antibiotics are one of the
oldest classes of antimicrobial agents among the
administered antibiotic compound classes and frequently
used in European countries and Korea. Derivatives of
sulphanilamide drugs are used in aquaculture, animal
husbandry and human medicine to treat bacterial
infections [4]. Sulfamethoxazole (SMX) is one of the
most widely prescribed sulphonamide drugs. It is only
partly removed in conventional sewage treatment plant
effluent and it has been found in effluent from wastewater
treatment plants in concentration varying from 0.01 to 2
Mg/L in - many countries. It has been also found in
drinking water. There is, therefore, a need to develop
efficient treatments for these effluents [5-7].

Recently, Advanced Oxidation Processes (AOPs)
based on generation of strongly reactive hydroxyl
radicals (?OH) have received a large interest for the
removal of pharmaceuticals from waste water [8-10].
Among the AOPs, heterogeneous photocatalysis is
considered as a promising process for pharmaceuticals
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active ingredients treatment operating under ambient
temperature and pressure [11-15].

The best approach to realize visible-light
photocatalysis is to develop a new photocatalytic
material independent of TiO,. Oxide materials are
plausible candidates of the new photocatalytic material in
relation to their high chemical stability and easy
preparation compared with non-oxide materials. Kim et
al. [16], Kudo et al. [17] and Tang et al. [18] recently
reported several doped and undoped oxide photocatalyst
responsive to visible light. However, their activities for
drugs degradation are not sufficient yet at wavelengths
longer than 500 nm. Recently, special attention has been
paid to the titanium —based ilmenites, MTiOs, as
chemical, electrical and optical materials because of their
excellent ferroelectric, dielectric and electro-optical
properties [19-21]. Nickel titanate (NiTiO3) belongs to
the ilmenite type structure with both Ni and Ti possessing
octahedral coordination and the alternating cation layers
occupied by Ni*? and Ti** alone. llmenite NiTiO3 has a
wide range of application such as electrodes of solid
oxide fuel cells, metal-air barriers, gas sensors,
tribological coating, corrosion inhibitors, pigments,
electronic material in electrochemical energy storage
devices and so on due to their high static dielectric
constants, weak magnetism and semiconductivity.
NiTiOs, as a semiconductor has excellent photocatalytic
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activity due to its absorption band [22-25]. There are
numerous reports regarding the investigations on the
photocatalytic activity of NiTiOs like degradation of
Tergitol, Sfranine T and Rhodamine B [26, 27].
Moreover, the properties of NiTiO; depend on its
preparation method. NiTiO3 nanostructured powder with
ilmenite — type structure can be obtained by solid-state
reaction, wet chemical solution, combustion
electrospinning, polymeric precursor, precipitation, and
sol-gel methods. The main disadvantage of the
conventional approaches is calcination of the powder
mixture at high temperatures ranging from 1100 to 1300
°C; the coarse- grained powder synthesized by these
methods contain agglomerated particles of different size
with impure phase due to incomplete synthesis reaction.
It still remains a challenge for the scientific community
to obtain quality NiTiOs nanoparticles at a low
temperature while avoiding unwanted by-product. The
polymeric citrate precursor route has been used earlier
[28, 29] for the synthesis of NTO particles. Success of
above synthesis encouraged us to use some modification
at our end by using non aqueous medium to obtain
NiTiOs particles with a controlled morphology, narrow
size distribution and high purity through the Pechini type
reaction route at low temperature and utilize it in sulpha
drug degradation.

In the literature, a lot of studies focused on SMX
photocatalysis by UV light; however, it is to be noted that
natural systems are exposed to atmospheric sunlight
which has not gained much attention. Furthermore,
transformations products (TPs) of SMX photocatalysis
by visible light were mostly not considered. The main
aim of this work is to investigate the TPs formed during
photolcatalysis and prove the efficiency of synthesized
NiTiO; in the degradation of SMX in the visible light.

MATERIAL AND METHODS

Materials

Nickel chloride (NiCly), titanium tetraisopropoxide
Ti{OCH(CHs)2}4, citric acid (CgHsO7) and ethylene
glycol (C2HsO2) were purchased from Merck (India).
Sulfamethoxazole was purchased from Sigma-Aldrich.
Deionized water was used in all the experiments.
Synthesis of NiTiOs perovskite

NiTiOs perovskite was prepared from polymeric
precursors method proposed by Pechini method. Firstly,
stoichiometric amount of Titanium tetraisopropoxide
was added to 56.1 gm of ethylene glycol. The mixture
was stirred on a magnetic stirrer for 15 min and heated up
to 80 °C to get clear transparent solution. At this stage,
citric acid (CA) was added in a ratio of 4:1 with respect
to metal ion and 60:40 (w/w) with respect to ethylene
glycol. A white precipitate was observed immediately
after adding citric acid to the solution but it dissolved
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after stirring the solution for 5 min. The contents were
stirred at 80 °C till a clear solution was obtained. After
that stoichiometric amount of nickel chloride was dried
in an oven for 2 h and added to the ethylene glycol - citric
acid — Ti isopropoxide solution prepared as above. The
contents were stirred on a magnetic stirrer till the nickel
chloride dissolve and continue the heating on hot plate, a
yellowish resin was formed. The obtained resin was
polymerized at 300 °C for 2 h at a heating rate of 2 °C/min
in air. The resulting black sponge polymer was calcined
in air at 600 °C, 700 °C and 800 °C for 4 h at 2 °C /min.
A yellowish crystalline ceramic powder was obtained
thereafter.

Characterization

Several techniques were used for characterization of the
powders. Thermal gravimetric analyses were carried out
in a TGA-7 Perkin-Elmer balance under an air flow of 50
ml min*t. The maximum temperature was set to 900 °C
and the heating rate to 5 °C min?. Powder X-ray
diffraction (Siemens D5000 diffractometer) analyses
were carried out using Cu Ka radiation at 20 angles from
0° to 80° with scan speed of 5°min‘L. The vibration spectra
were characterized by FTIR (FTS 7000 series, DIGILIB).
The Ultraviolet and visible diffuse reflection spectra
(carry 5000 absorption spectrometer) were measured at
240-800 nm wavelengths. The morphology of the
samples was observed with a scanning electron
microscope (SEM) (Hitachi X650, Japan).

Catalytic activity
Photodegradation experiments were performed with a
photocatalytic reactor system. This bench-scale system
consisted of a cylindrical Pyrex-glass cell with 1.5 L
capacity (12 cm inside diameter and 15 cm height and a
reflective interior surface). A 500 W Xe arc lamp
(intensity 137mWcm2) lamp was placed in a 5 c¢cm
diameter quartz tube with one end tightly sealed by a
Teflon stopper. The lamp and the tube were then
immersed in the photoreactor cell. The photoreactor
containing the prepared pervoskite was filled with 1L
aqueous SMX drug solution. The whole reactor was
cooled with a water cooled jacket on its outside and the
temperature was kept at 25 2 °C. During the entire
experiment, mixture were magnetic stirred for keeping
the solution chemically uniform and free contact with air.
During SMX treatment, natural pH (5.5) was used, and
this value was maintained during all experimental runs.
After the appropriate irradiation time samples were
collected from the reactor and centrifuged (10 min, 4000
RPM). Before and after irradiation, the concentration of
SMX in mixture was determined using HPLC-UV with a
C-18 column (5 pm, 250 mm x 4.6 mm, Hypersil, USA)
and diode array detector. The mobile phase was 70% of
acetonitrile and 30% of milli-Q water at a flow rate of 1.0
mL min. The detection wavelength was set at 270 nm.
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Finally, the photocatalytic activities were determined
using the following formula:

Drug removal (%) = —— x 100 1)
where, C, (mgL?Y) and C: (mgL?) are the initial
concentration of solution and the concentration after
photocatalytic degradation by photocatalyst,
respectively.

Total organic carbon (TOC) was measured using a
multi N/C 3000 TOC analyzer (Analytik Jena AG,
Germany) to evaluate the mineralization of SMX.
Identification of SMX degradation products was
achieved with the aid of LC-MS (ThermoQuest LCQ
DUO, USA) with a C-18 HPLC column.
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Figure 1. Molecular structures of Sulfamethoxazole drug.

RESULTS AND DISCUSSION

Characterization of NiTiOs perovskite
The decomposition process of the polymeric resin was
monitored by TGA / DTA as shown in Fig.2. The TGA
curve shows three main regions, the first one is mostly
due to dehydration and evaporation of organic matters
from 70 to 230 ° C. The other large one between 230 to
500 ° C seems to be associated with decomposition and
burn out of the organic components. In the last stage, in
the temperature range 500 to 700 ° C, small weight
change occurs due to the crystallization of the sample and
subsequent conversion to the perovskite phase. No
weight loss was observed above 700 ° C indicating
complete removal of organic residues and good thermal
stability of crystalline NiTiOj3 at this temperature which
can then be used finally as a photocatalyst in drug
degradation. The proposed decomposition pathway for
the synthesized NiTiOj3 has been given below:
MTi(CeH507)2 — MTi(OH)2(C204)2—
MTiO(CzO4)2—>MTi03 (M: Ni)

In the Fig.2 the DTA curve reveals three main
endothermic events at 180.81, 355.85 and 422.04 °C. The
peak at 180.81° C was assigned to dehydration and
depolymerisation of the polymeric residual in the
precursor. Apparently, the endothermic peak at 355.85 °C
was explained by the complex decomposition and
combustion of the polymeric resin. The third
endothermic peak at 422.04 °C could be due to the
decomposition of the organic components.
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Figure 2. TGA and DTA analysis of the thermal
decomposition of NiTiOs precursor resin in air (25 ° — 800
°C/5°Cmin?).

The crystalline structure and phase purity of the
prepared powder samples were analysed using X-ray
diffraction technique. Figure 3 presents the XRD patterns
of NiTiOs; powder calcined at different temperature
ranging from 600 to 800 °C for 4 h. The powder formed
at 600 °C is poor crystalline material, whereas the
samples formed at 700 and 800 °C are well crystalline
materials as supported by the results of TGA. The
observe diffraction pattern was matched with standard
data [30] and tabulated in Table 1. The crystal structure
of NiTiOz is rhombohedral and the d-line pattern
matched with reported ones (JCPDS file number 33-960).
The average crystalline sizes were determined from XRD
pattern according to the Scherrer’s equation:

D= 5

where D is the average crystalline size, K is a constant
equal to 0.9, A is the X-ray wavelength (0.154 nm for Cu
Ka), B is the half — peak width (FWHM) and © is the
Bragg diffraction angle. Using this approach it was
estimated that the average crystallite size of the
synthesized product is about 22.04, 23.03 and 32.43 nm
for the sample prepared at temperature 600 °C (26: 33.07,
FWHM: 0.393), 700 °C (26: 33.07, FWHM: 0.376) and
800 °C (20: 33.04, FWHM: 0.267) respectively. The
crystalline sizes clearly reveal that with increasing
calcinations temperature, the crystalline size also
increases.
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Figure 3. XRD pattern of NiTiOs at different temperature.
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TABLE 1. Experimental and JCPDS data diffraction peak
position of the rhombohedral NiTiO3 phase for 700 °C/4h

Phase hkl Lit. 20 Exp. Lit. d Exp. d
20 (A (A°)
(012) 24.13 24.09 3.685 3.690
(104) 33.08 33.04 2.705 2.708
(110) 35.65 35.61 2.516 2519
NiTiOs (113) 40.85 40.80 2.207 2.209
(024) 49.44 49.39 1.841 1.843
(116) 54.01 53.93 1.696 1.698
(214) 62.44 62.39 1.485 1.486
(300) 64.06 64.01 1.452 1.453
(1010) 71.65 71.65 1.315 1.315

FTIR analysis was carried out for detecting the
presence of the functional groups and also used in order
to prove that the synthesized powders are carbonate —
free. FT-IR spectrum of the NTO are shown in Fig. 4. It
is well known that the characteristic vibration bands
corresponding to (M-O) metal —oxygen bonds will be
range of 400-800 cm* [31]. The absorption peak at 544
cm?is attributed Ni-O bond and 436 cm™ peak related to
Ti-O bond. The characteristic bands of the carbonate
(867, 1067 and 1440 cm) are not appearing in the
spectrum, it can be stated that the synthesized nano
crystals are carbonate free. Therefore FT-IR spectrum
confirms the formation of pure NiTiO3 nano particles.
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Figure 4. FTIR spectra of the NiTiOs perovskite (700 °C/4
h).

Morphological investigation of the NiTiOs powder
has been carried out using high resolution scanning
electron microscopy. The SEM images at different
magnificence show that the particles of NiTiOs; are
homogeneous, various crystal size and remarkably
varying morphology. The powder exhibits particles in
combination of spheroid, ellipsoid, and some hexagonal
morphology. The coalescence of the particles shows
range from 50 to 250 nm. The difference between the
particle sizes indicates the presence of agglomerates,
which is a normal phenomenon in the Pechini method.
These particles are smaller than those produced by
molten salt method (about 300 nm) [32], modified solid
state reaction method (sintered at above 1000 °C with
comparatively large particle size about 1 p) [33] and
conventional solid-state method [34] (sintered at above
1225 °C and particle size about 15-35 pum) again it is
proved that modified Pechini method is good for
synthesis of NiTiOs.

34

To confirm the chemical composition of the synthesized
NiTiOs, powder was examined by EDAX analysis. The
spectrum in Fig. 6 reveals the presence of Ni, Ti and O
peaks confirming the formation of pure powder with no
other elemental impurities. The average atomic
percentage ratio of Ni: Ti:O were 20:20:60 in the 700 °C/4
h annealed powder indicating the stoichiometric
formation of NiTiOs. This EDAX spectrum confirms that
the targeted chemical composition could be achieved in
the powder.

Figure 5. SEM imag f NiTiOs perovskite (700 °C/4 h)
at different magnification.
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Figure 6. EDAX spectra of NiTiOs pervoskite formed at 700
°Cl/4 h.

UV-Vis diffuse reflectance spectroscopy (DRS) was
used for evaluating the optical response and the
determination of band gap of the synthesized powder.
The DRS spectrum of NiTiO; shows the optical
characteristics of nano powder in both the UV and visible
light region. The DRS spectra reveal two peaks, one at
around 440-450 nm and another one at around 740-750
nm. The peak at 448 nm is attributed to the O2 — Ti**
charge transfer interaction and the other one 745 nm to
3d® band associated with Ni*> — Ti* charge transfer
(CT). Since NiTiO3 samples are heavily coloured, in the
present study, the reflection spectra were dominated by
the broad intense absorption in the visible region at
around 740-750 nm.
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Figure 7. UV-Vis DRS patterns of NiTiOs at different
temperature.
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Figure 8. Determination of bandgap values using Kubelka —
Munk Function.

Band gap of the samples has been calculated using Tauc
plot (35)
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(hna) ¥" = A (hv—Eg)

where h,v, Eg, o are the Planck’s constant, vibrational
frequency, band gap and absorption coefficient
respectively. The values of the exponent n denotes the
nature of transition in a semiconductor; here it was
determined as 1/2 because of direct allowed transition.
The acquired diffusion reflectance spectrum is converted
to Kubelka- Munk function. Thus, the vertical axis is
converted to quantity F(Roo), which is proportional to the
absorption coefficient. The o in the Tauc equation is
substituted with F(Rwo). Thus in the actual experiment,
the relational expression becomes:

(hn F(Rwo)) 2 = A (hv—- EQ)

Using the Kubelka-Munk function, the (hn F(Reo)) 2 was
plotted against the hv. A line is drawn tangent to the point
of inflection on the curve, and the hv value at the point of
intersection of the tangent line and the horizontal axis is
the band gap Eg value.

The value of band gap for the photo catalyst was
calculated and tabulated in Table 2. The lowest band gap
is found to be 1.67 eV for the sample calcined at 700 °C.
The lowest band gap shows that 700 °C calcinations
temperature is optimum temperature for calcinations of
NiTiOs.

A comparison was made, in term of band gap energy
of prepared NiTiOs; with other  synthesis methods in
Table 3. The present study shows that the prepared
NiTiOs is an effective visible light active photocatalyst
for the removal of SMX drug from aqueous solutions.

TABLE 2. The band gap energy and particle size of synthesized
NiTiOs at different temperature.

Calcination 600 °C 700 °C 800 °C
Temperature
Absorption 745 747 742
wavelength (nm)
Band gap (eV) 1.66 1.65 1.67
Crystallite size (nm) 22.04 23.03 32.43

TABLE 3. Comparison of band gap of prepared NiTiOs with
other synthesis methods.

Synthesis method Band gap(eV) References
Ultrasound assisted 3.72 (30)
wet chemical
processing
Pechini 3.02 (29)
Electrospining 2.17 27)
Sonolysis 2.01 (36)
Modified pechini 1.67 This work

Photocatalytic degradation of SMX

First, non — photocatalytic assay was undertaken to
evaluate its isolated influence on the degradation of
SMX. In the photolysis, SMX (30 mg L) was irradiated
for 180 min under visible light irradiation at natural pH
(5.5). Results showed that concentration (only 3%
degrade) of SMX remains unchanged. The negligible
degradation attained by photolysis was expected due to
the low SMX molar absorption coefficient above 300 nm.
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This means that photolysis is not involved in the
degradation of SMX and only the photocatalyst absorbs
photons.

As shown in Fig. 9 the SMX (30 mgL™) aqueous
solution can be photocatalytically degraded with
different calcined NiTiOs at natural pH. Under visible
light irradiation photo-generated electron and hole can be
produced from NiTiOs. And, "OH active species are
produced, which has been reported earlier [37]. These
active radical are responsible for SMX degradation. In
the mechanism of photocatalytic degradation of SMX
reaction involved are as follows:

1)

NiTiO3 + hv — (ecs +
h+VB) A< 800 nm

Equation 1 stated absorption of photons by NiTiO3 and

formation of electron/ hole (e/h*) pairs in conduction and

valence band.

Egs. 2, 3 and 4 shows the subsequent formation of

hydroxyl radical and its reaction with SMX are :

h+ + H20 b H +*OH (2)
h* +*OH — "OH 3)
(SMX) adsorbed +*OH - (4)

SMX oxidised

It can be observed that, SMX drug was almost 84.25%
degraded in 180 min by the NTO calcined at 700 °C.
While with the sample calcined at 600 °C and 800 °C,
81.23% and 75.64% degradation was found after 180
min, respectively. The best photocatalytic activity of the
NTO perovskite calcined at 700 °C was because of its
nano particles and low energy band gap as evidenced
from our XRD and UV-DRS results respectively which
clearly indicate that different annealing temperature may
deeply influence the material performance.
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Figure 9. Photolysis and photocatalysis of SMX drug using
NiTiOs obtained at different calcinations temperature
(Drug concentration= 30 ppm; catalyst amount 1g1000mL!
pH=5.5).

We also carried out the following controlling
experiments with P-25; Degussa TiO, and solar
irradiation in identical conditions. The P-25; Degussa
TiO, is very versatile photocatalyst and use of solar light
instead of artificial light is important for industrial point
of view. Under identical experimental condition, the total
photodegradation of the SMX drug reached only 32.65%
with widely used P-25 TiO; (visible light irradiation) and
87.16% with solar irradiation (NTO photocatalyst)
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thereby confirming the higher potential of the NTO
synthesized in the present study.
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Figure 10. Photocatalysis of SMX drug using NiTiOz (700
°C), P-25 TiO2 and solar irradiation (Drug concentration=
30 ppm, catalyst amount 1g1000mL!, pH=5.5)
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Figure 11. Effect of initial concentration of SMX during
SMX removal (catalyst amount 1g1000mL!, pH=5.5)

The effect of initial SMX concentration on the
efficiency of the photocatalytic degradation process was
studied and the results are presented in Fig. 11. It can be
observed that, SMX degradation increases with the
increase in SMX initial concentration. The SMX
conversion was 80% with initial concentration of 10 ppm,
while conversion was 86.9% with 50 ppm concentration.
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Figure 12. TOC removal in SMX solution obtained by
photolysis (1) photocatalysis by P-25 TiO2 (2)
photocatalysis by NiTiOs under indoor lamp illumination (3)
photocatalysis by NiTiOs in the presence of sunlight (4)
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The removal of the initial compound does not
indicate that the total mineralization was achieved
therefore, a study of the total organic carbon (TOC)
quantification was also necessary. As shown in Fig. 12
TOC removal was negligible in photolysis experiment



Iranica Journal of Energy and Environment 9 (1): 31-40, 2018

while under solar light irradiation this rate is highest
with NiTiOs solution .

Kinetic studies of SMX photodegradation

In order to assess the rate of photocatalytic degradation
of SMX over NTO powder, the observed SMX
degradation results were Kkinetically analysed by
following Langmuir-Hinshelwood rate constant equation
[38]. Langmuir-Hinshelwood described the relationship
between the initial degradation rate (r) and the initial
concentration (C) of the organic substrate for
heterogenous photocatalytic degradation. The model can
be written as follows.

r J—

kappC

kapp
Co(mgL™) is the initial concentration of SMX, C; (mgL-
1 is the remaining concentration after t (min.) time
irradiation, Kaps is the Lanmuir — Hinshelwood adsorption
equilibrium constant (L™*mg), and k is the pseudo-first-
order rate constant relating to NTO surface reaction
(mgLtmin™).

A plot of In(Co/Cy) versus t for all the experiments
with different initial concentration of drug is shown in
Figure 13 which confirmed the first order reaction. The
apparent rate constant of Kap, can be determined from the
slope of the straight line. It is found that Kapp values for
10 mg L%, 30 mg Lt and 50 mg L™ concentration of SMX
are 9.3 x 10° min?, 10.6 x10° min* and 11.9 x 10 min-
! respectively.

25 4

2 -

15 -

In(Co/Ct)

1 -

05 -
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Figure 13. Plots of In(Co/Ct) versus time for NiTiOs at
different initial concentrations of SMX solution

In our work, we also recycled the used NTO by
sedimentation for 10 min. Then the long term stability of
the NTO was tested by contacting fresh SMX drug
solution with regenerated NTO under identical
degradation condition. As observed in Fig.14 about 82.32
% degradation efficiency of NTO was achieved in the
first run. In the second and third run, 79.68 and 77.21 %
degradation of SMX drug was achieved respectively. The
results indicate that NTO nanoparticles retain most of
their catalytic activity for long time.
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Figure 14. Evaluation of durability of NiTiOs perovskite.
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Intermediate analysis and degradation pathways of
SMX
During photocatalytic treatment of SMX, many
intermediates were formed and then destructed in the
solution simultaneously. Table 4 shows the intermediates
detected by an LC/ESI-TOF-MS from NiTiOs;
degradation. The intermediates suggested that the
probable degradation of SMX leads to form hydroxylated
SMX with the mass m/z 269. Based on the above-
mentioned intermediates, we suppose that the process of
photocatalytic degradation of sulphamethoxole can be
divided into the following stage

1 Hydroxylation of the aromatic ring

1 Cleavage of S-N bond

1 Opening of the aromatic ring, and

9 Oxidation of aliphatic acids

TABLE 4. CAS number and molecular masses of SMX
photocatalytic degrade products

Intermediates CAS number m/z
C1oH1:N304S 114438-33-4 269.3
CsH7NO3S 121-57-3 173.1
C,4HsN,0O 1072-67-9 99.1
CONCLUSION

The nanosized NiTiOs; photocatalytic materials are
synthesized with Pechini method followed by a suitable
calcinations treatment. UV-Vis reflection spectrum
showed that NTO nanoparticles have two peaks, one at
448 nm and another one at 745 nm and the band gap is
found to be 1.66 eV. The photocatalytic degradation of
SMX antibiotic by NiTiOs; photocatalyst under visible
irradiation has been reported for the first time, being the
pioneer attempt, in this research area. L-H kinetic has
been reported on the photodegradation of SMX drug. The
regeneration of NTO is found to be successful in
removing SMX drug up to 3" run. Organic intermediates
were identified by LC-MS analysis and the major
photodegradation products are found to be hydroxylated
and S-N cleavage products. The use of NiTiO3z with solar
light can offer economically feasibility, high catalytic
activity, non toxicity and simplicity of the technological
process.
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Figure 15. Proposed pathways of the photocatalytic
degradation of sulfamethoxazole.
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