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ABSTRACT

In this study, Co3O4 nanoparticles were synthesized in two different solvents, one with
ethanol (CoEt) and another was double-distilled water (CoDd) by precipitation-
calcination method. The characterization of the prepared samples were done using X-ray
diffraction (XRD), field emission scanning electron microscopy (FESEM), Brauner-
Emmet-Teller (BET), thermogravimetric analysis (TGA), Fourier transform infrared
spectroscopy (FTIR), dynamic light scattering (DLS) techniques. Diffraction peaks of
cobalt oxalate dihydrate confirmed the synthesis of the almost pure phase of
C0C,04.2H,0. XRD diffraction peaks of the obtained product after calcination confirms
the formation of pure Co304, no other characteristic peak was obtained. TGA of CoEt and
CoDd was done and phase transformation occurs at 310 °C and 292 °C. However, the
samples were calcined at 500 °C to increase crystallinity. BETshows different values of
surface area for CoEt and CoDd. The surface area of CoEt was 22 m?/g and for CoDd
was 15 m?/g. Therefore, CoEt was more porous as compared to CoDd. FTIR showed two
sharp absorption peaks at 563 cm™and 652 cmconfirms the synthesis of Co3Oa.
Absorption peaks for CoDd observed at 540 cm™and 563cm™with slight shift. FESEM
was used to determine the morphology of prepared samples. Images revealed that
prepared samples were in nano range and in rod-like shapes. DLS analysis of the solution
of Co30;4 in ethanol gives an idea about the hydrodynamic diameter of particles which
was 3.96 nm for CoEt with a polydispersity index (PDI) of 0.406 while the hydrodynamic
diameter of particles of CoDd was 4.131 nm with PDI of 0.413. Furthermore, we studied
the effect of time on the degradation of organic compounds such as ofloxacin and
pyridine with the use of Co0s0O4 nanorods complemented by H.O. in a catalytic

peroxidation process.
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CHAPTER 1
INTRODUCTION

1.1. GENERAL

Safe drinkable water is a basic need for mankind in the 21"century. The major part of the
earth’s surface is water more than 70 %, out of which only 2.5% is drinkable. Most of the part
(97.5 %) of surface water is sea water(salted water). Water has become polluted at a very high
rate due to the mixing of untreated waste into natural water bodies. Due to the negligence of
human being water contamination is becoming a real threat to the survival of the whole world. In
the current age, most of the sources of water are deteriorating at a very fast rate due to
industrialization. Water sources including both surface water and groundwater are contaminated
due to effluents discharged from factories, water treatment plants, fertilizers, pesticides, etc.

To address the problem of water contamination several international organizations are
working for this noble cause. For primary health issues, an international conference was
organized in 1978 in the Soviet Union. World water conference held in Argentina in 1977.
United Nation general assembly (UNGA) declared 10-year time period from 2005 to 2015
decade of “Water for Life”. World health organization (WHO) had published four reports for
safe drinking water.

There is a number of diseases caused due to the consumption of polluted water.
Consumption of contaminated water results in 36 million deaths every year. If the water contains
nitrate beyond a certain level it will cause a blue baby syndrome in children and cancer in adults.
Sulfate in excess amount in water results in dehydration of the body. Diarrhea is one of the other
diseases which affects a large amount of world population including deaths. Anemia, cholera,
fluorosis, hepatitis, lead poisoning are some of the other diseases due to polluted water.

1.2. PYRIDINE

Pyridine (CsHsN) (Figure 1) is a water-soluble aromatic compound having the same
structure as benzene except for nitrogen in place of carbon. Mostly it is obtained as a byproduct
from coal gasification. Pyridine is a colorless compound mainly obtained from coal tar and is

also used as solvents for many compounds. There are many methods for the production of


https://www.who.int/water_sanitation_health/diseases-risks/diseases/anemia/en/
https://www.who.int/water_sanitation_health/diseases-risks/diseases/cholera/en/
https://www.who.int/water_sanitation_health/diseases-risks/diseases/fluorosis/en/
https://www.who.int/water_sanitation_health/diseases-risks/diseases/hepatitis/en/
https://www.who.int/water_sanitation_health/diseases-risks/diseases/lead/en/

pyridine from different compounds such as acetaldehyde, ammonia, and formaldehyde. Pyridine

shows electrophilic substitution, nucleophilic substitution, and radical reactions.

AN

~

N

Pyridine
Fig. 1 Chemical structure of pyridine

Table 1 Chemical and physical properties of pyridine

Property Name Property Value
Molecular weight 79.102 g/mol
Formal Charge 0

Color Colorless

Odor Nauseating
Density 0.978 g/cm?®
Boiling point 1153 °C
Flashpoint 20 °C
Solubility 100 mg/mL at 21.5 °C
Natural pH 8.5

1.3. OFLOXACIN

Ofloxacin is an antibiotic used in the medical field to treat a number of diseases such as
urinary tract infection, plague, cellulitis, etc. It is also used as an eye drop and ear drop. It also
leads to many side effects such as vomiting, headache, diarrhea, etc.

10
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OFLOXACIN
Fig. 2 Chemical structure of Ofloxacin
Table 1 Chemical and physical properties of Ofloxacin

Properties Property Value
Molecular Weight 361.373 g/mol
Formal Charge 0
Color White to pale yellow
Melting point 254 °C
Solubility 283 mg/mL in water

1.4. CO304 NANOPARTICLE

Cobalt oxide (Co304) is a very strong catalyst for reduction. Thermodynamic stability of
Co304 nanoparticles so it could be used as a catalyst. It is also used for decomposition of NOx
type of compounds. SBA-15 supported cobalt oxide nanoparticles are very efficient for the
decomposition of N2O. Co304 has have been widely used in the area of magnetic materials,
heterogeneous catalyst, lithium-ion batteries, dye degradation, oxidation of vehicle exhaust gas
sensing materials. Pudukudy et al. [2013] prepared spinel Co304 nanoparticles by sol-gel method
and applied as photocatalyst for the degradation of methylene blue dye under UV light
irradiation.

Several methods have been applied for the synthesis of Coz04 nanoparticles of different
morphology. Such that solvothermal, hydrothermal, thermal dissociation, precipitation followed

calcination and many more. Precipitation-calcination method is a very good option because it is a

11



simple and cheap method. Sun et al. [2016] used this method for the synthesis of porous a-
Fe203nanorods. It is a two-step method, in first of precipitation step metal oxalate formed. This
metal oxalate works as a sacrificial template and in the second step of calcination and hence
metal oxide formed.

Various coating techniques had been used for producing thin films of Co0304
nanoparticles. Pulsed laser deposition (PLD), spin coating, dip coating, electron beam deposition,
and sol-gel deposition are the most used techniques. Edla et al. [2014] prepared coating of C0z04
nanoparticles by a pulsed laser deposition method. Melzer et al. [2017] used chemical vapor
deposition at low temperature to prepare anode of Coz04 nanoparticles for lithium-ion batteries.
Raja et al. [2007] used dip coating for coating of cobalt oxide nanoparticles upon PTFE
substrate.

We adopted the process of catalytic peroxidation (Yadav and Srivastava, 2017) for the
degradation of ofloxacin and pyridine. This method utilizes the ability of a catalyst to enhance
the mineralization activity of hydrogen peroxide by increasing the generation of hydroxyl radical
ions. These radical ions can oxidize with the obnoxious organic compounds and oxidize them to

simpler compounds.

12



CHAPTER 2
LITERATURE REVIEW

Warning et al. [2012] prepared the coating of CosO4 nanoparticles by various methods
i.e. pulsed laser deposition, electron beam deposition and sol-gel method and electro less
deposition techniques. Prepared coatings were characterized by SEM, TEM, XRD, XPS, and
UV-vis spectroscopy. Cobalt chloride and diluted ammonia solution were used as starting
materials. These coatings were applied for the degradation of methylene blue dye. Manigandan?
et al. [2013]prepared cobalt oxide nanoparticles by thermal decomposition of Co(OH),. Co(OH).
was prepared from cobalt oxide, NH4sOH and glycerol. Co(OH). was calcined at 450 °C. the
prepared sample was characterized by XRD, FTIR and SEM. XRD confirms good crystallinity
and phase. Presence of functional group was done with the help of FTIR. Nano dimension was
done with SEM. Cobalt oxide nanoparticles was applied for detection of nitrobenzene. Cobalt
chloride was used as precursor along with ammonium hydroxide (NH4sOH), potassium hydroxide
(KOH). Lagerqvist et al. [2014]used spin coating for a thin film of cobalt oxide and composites
and then heating at 500 °C in a different atmosphere. Cobalt nitrate and cobalt acetate were used
as precursor and methanol as solvent. Spin coating was done at three different speed (1000,
2000, 3000). Morphology of the prepared sample film was done by XRD. Calcination
temperature was decided by the TGA curve.

Mahajan et al. [2019]. Pyridine and quinoline were degraded in this study. Both of these
compounds are heterocyclic. For completion of reaction, photo-catalysts were used. The photo-
catalysts used is Cu doped ZnO. This photo-catalyst has been synthesized with different amount
of doping of Cu. The different amounts of doping synthesized are 1%, 5%, 10%. The method
used for photo-catalyst synthesis is precipitation method. Field emission scanning electron
microscopy (FE-SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD),
Brunauer Emmett Teller (BET), diffuse reflectance spectroscopy (DRS) and photoluminescence
(PL) techniques are used for the purpose of the characterization of catalysts. Authors used
different doping of Cu in ZnO. The band gap of ZnO with 1% of Cu doping was found to be 3.21
eV. The band gap of ZnO with 5% of Cu doping was found to be 3.17 eV. The band gap of ZnO
with 10% of Cu doping was found to be 2.91 eV. The band gap found for pure ZnO is 3.27 eV.

The variables studied are pH, photo-catalyst dose and time irradiation. Under optimum

13



conditions (5% Cu doped ZnO, a dose of 1.2 g L™ for pyridine and 1.6 g L™* for quinoline, pH =
11 and time = 5 h), the maximum pyridine and quinoline mineralization efficiencies were found
to be 92.4% and 74.3%, respectively. Mineralization of pyridine was studied as first-order
kinetics. Reactive oxygen species (ROS) scavenger studies has to be used for the conformation
of the generation of singlet oxygen, hydroxyl radicals and superoxide radicals. It was found that
the excellent mineralization process took place during this study. This has been established by
catalyst reusability. The mineralization took place till four consecutive cycles. The band
structures were compared with respect to the potential of highly reactive species (*OH and O2"™).
By this comparison, the enhanced photo-catalytic mechanism was examined. There may be
various methods of proposing pathways of mineralization. In this study, the method of finding
out the pathway of mineralization on the basis of the intermediates detected by gas
chromatography coupled with mass spectrometry (GC-MS) analysis.

Subbaramaiah et al. [2013] used Cu-loaded Santa Barbara amorphous (SBA-15) catalysts
were generated in this study. The method used for this synthesis is the impregnation method.
This is later utilized for catalytic wet peroxide oxidation (CWPO) of pyridine from aqueous
solution. In this synthesis, hydrogen peroxide is used as the oxidant. Brunauer—Emmett—Teller
(BET) surface area: temperature-programmed reduction, Hz-chemisorption, Fourier transform
infrared spectroscopy, and field emission scanning electron microscopy are used for the
characterization of synthesized catalysts. Results obtained by characterization shows that the Cu
species are distributed inside the porous structure of SBA-15. The effect of various parameters
such as Cu loading on SBA-15, pH, catalyst dose, H20. concentration, and temperature have
been studied for their effect on CWPO of pyridine. More than 97% pyridine removal and 92%
total organic carbon removal was achieved at optimum condition. Cu/SBA-15 showed stable
performance during reuse for six cycles with negligible copper leaching.

Jin et al. [2018] successfully synthesized rod-like nanoparticles of cobalt oxide using
ethanol as solvent. Cobalt nitrate is used as a precursor with oxalic acid and after mixing, oxalate
precursor is formed. The obtained powder was calcinated at 500 °C instead of 300 °C for better
crystallinity. Prepared oxide powder was characterized by TEM, FESEM, XRD, TGA, BET, and
DTA. XRD analysis confirms pure phase and FESEM confirm nano dimension of powder oxide.
The surface area of the sample was 28.42 m?/g. Abdelhak et al. [2018] prepared a manganese-

doped cobalt oxide nanoparticles coating. Method of the coating was dip coating along with the

14



sol-gel method. Manganese used from 0 % to 9 % in concentration. The prepared coating was
characterized by UV-visible spectroscopy, XRD and FTIR. Cobalt nitrate hexahydrate
(Co(NO3),.6H20) used as precursor along with sucrose (C12H22011).

Amri et al. [2012] used a dip coating technique for preparation of coating of copper-
cobalt oxide on the substrate of aluminum. Phase structure was characterized by X-ray
Diffraction (XRD). FESEM confirms that prepared samples are of nano dimensions. To
investigate the reflectance of prepared coating UV-Vis-NIR spectrophotometry was used.
Nanoparticles were formed by sol-gel method. Abdelhak et al. [2019] used sol-gel method
followed by a dip coating method for coating of manganese doped cobalt oxide nanoparticles.
Glass was used as a substrate. Prepared coatings were characterized by UV-Vis spectroscopy,
XRD, FTIR, and complex impedance spectroscopy. doping of Mn varies from 0 % to 9 %. For
the different concentration of Mn, different values of energy bandgap (Egq) were obtained.
Upasen etc. [2017] used thermal decomposition to prepare nanoparticles of cobalt oxide. Cobalt
acetate was used as a precursor, oleic acid as a capping agent and for reduction, NaBH4 was
used. There were three types of solvent (hexane, xylene and acetone) were used. To study the
effect of various solvents upon the properties of cobalt oxide were investigated by XRD, TGA,
TEM, and FTIR. The same crystal structure was observed for all three samples. Particle size and

specific surface area were different for all three samples.
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CHAPTER 3
OBJECTIVES

The main objective of this present work was to synthesize cobalt oxide nanoparticles and use
them for catalytic oxidation of organic pollutants such as pyridine and ofloxacin. Based on the
literature review, the following objectives were set for the present study:

» To prepare cobalt oxide (CosOa4) nanoparticles in different solvents by precipitation
followed by calcination method.

» To analyze the properties of prepared cobalt oxide nanoparticles by various
characterization techniques such as X-ray diffraction (XRD), field emission scanning
electron microscope (FESEM), thermogravimetric analysis (TGA), differential thermal
analysis (DTA), Fourier transform infrared spectroscopy (FTIR), Brunauer-Emmet-Teller
(BET), and dynamic light scattering (DLS).

» To use the prepared nanoparticles for catalytic oxidation of organic pollutants such as
pyridine and ofloxacin.

» To study the degradation of the organic pollutant with respect to the time.

16



CHAPTER 4
EXPERIMENTAL

Experiments were conducted in a 250 mL three-neck flask with a flat bottom fitted with an oil
bath to maintain the temperature. This system was set up in a reflux manner to avoid any loss of
vapors to the atmosphere. For each run, a 100 mL sample of ofloxacin/pyridine solution (100
ppm) was taken and heated to a temperature of 55 °C, followed by the addition of hydrogen
peroxide (2 pL) and Co304 nano-rods (100 mg). The degradation of ofloxacin and pyridine in the
presence of catalyst without the addition of hydrogen peroxide was ~5% and ~3%, respectively.
Samples were taken after every one hour during the degradation process in an aliquot (1.5 mL)
and were analyzed by UV spectroscopy. The concentrations were calculated based on the
respective calibration curves prepared beforehand.

4.1. MATERIALS

Cobalt (1) chloride hexahydrate (CoCl2.6H20, A.R. grade, 99.0% pure), oxalic acid
dihydrate (C2H204.2H20, A.R. grade, 99.5% pure) were purchased from SRL Limited. absolute
ethanol (C2HsOH, L.R. grade, 99.9% pure) was purchased from Changshu Hongsheng Fine
Chemical Co. Ltd. Double distilled water was used throughout. All the chemicals were used

without any further purification.

4.2. CATALYST PREPARATION

Co030s nanorods (CoEt) were synthesized by precipitation followed by calcination
method. In the synthesis process of catalyst 0.237 g of CoCl..6H20 was added into 25mL of
absolute ethanol in magnetic stirrer for 30 minutes up to complete dissolution. 1.26 g oxalic acid
was dissolved in 10 mL absolute ethanol using magnetic stirrer. After that solution of oxalic acid
was added drop by drop into cobalt solution under magnetic stirring. The solution was allowed to
stir for 30 minutes after that precipitate was collected and centrifuged with double distilled water
for six times and dried in an oven at 80 °C for 10 hours to obtain oxalate precursor. Now
obtained oxalate precursor was calcined in a muffle furnace at 500 °C for 2 hours. A second
catalyst (CoDd) was also prepared by taking double distilled water as solvent by the same

method.

17
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Fig. 3 Synthesis of cobalt oxalate precursor
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4.3. OVERVIEW OF CATALYST CHARACTERIZATION TECHNIQUES

4.3.1. X-ray diffraction (XRD)

For analysis of phase structure, purity and crystalline nature of as-synthesized nanorods XRD
technique are used which is a fingerprinting tool for that. XRD technique is widely used for
quantitative and qualitative phase analysis throughout industry and research institutes. In our
case, we used a Bruker D8 advance model of a wide-angle range of 5° to 120° on a scale range of
20 with a scanning rate of 4% min.

4.3.2. Field emission scanning electron microscopy (FE-SEM)

FE-SEM is used for the image of morphology of catalyst at the microscopic level. It is
widely used in the field of bioscience, chemistry, and physics for research purpose. It can
observe to nanoscale level at the surface of materials and cells. FESEM scan the object with the
help of generated electron by field emission source. These generated electrons (primary
electrons) are accelerated in high electric field gradient are diverted by electronic lenses to
produce a narrow beam of electrons. This narrow beam bombards at an object and produces
secondary electrons from the object. Detector catches velocity and angle of secondary electrons
and convert into an electronic signal, which is further amplified and transformed into an image.
4.3.3. Thermogravimetric analysis (TGA)

In this technique, a given sample is heated in a controlled atmosphere. The objective of
TGA is to measure the change in weight of sample with temperature and time. After knowing the
initial weight of the sample, the temperature is increased at a constant level and the
corresponding change in weight is recorded. After that, a plot is drawn between percentage
weight change and temperature which is known as the thermogravimetric curve.

4.3.4. Differential thermal analysis (DTA)

In this technique, a sample and a reference material both heated at the same rate in an
oven and temperature difference between sample and reference material are recorded. If during
the heating sample absorbs or evolve enthalpy of transition, then its temperature differs from
reference material and this difference is recorded. If the sample undergoes the endothermic
process, the temperature of the sample will be less than reference. On the other hand, the
temperature of the sample will be greater than reference in case of exothermic process.

4.3.5. Brunauer-Emmet-Teller (BET)
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This technique is useful in calculating of surface area, pore size, and pore volume. Pore
are formed generally calcination of precipitates. Dinitrogen (N2) gas is used mostly for
calculating surface area. Surface area is determined by adsorption followed condensation of N
gas at 77 K. firstly vacuum is created in the chamber and then cooling to 77 K by liquid N2. After
that partial pressure of N> gas is increased due to which some amount of gas is adsorbed by the
sample. After some time, equilibrium is reached and corresponding pressure is recorded. This
procedure is repeated and a plot is drawn between relative pressure (p/p,) and the amount of gas
adsorbed by the sample.

4.3.6. Fourier-transform infrared spectroscopy (FTIR)

This_technique is useful to identify types of bonds in molecular species, mainly organic
compounds. When infrared radiation passes through the sample, some part of this radiation was
absorbed by sample and rest transmitted. A spectrum is created by absorption and transmission
frequency. Since every bond or functional group have unique absorption frequency so also
spectrum will be unique for every bond or functional group.

4.3.7. Dynamic light scattering (DLS)

Hydrodynamic diameter and size distribution of particles in the suspension can be
determined by dynamic light scattering. Scattering happens when light colloid with particles.
DLS is applied for the determination of the size of particles like proteins, polymers,

nanoparticles, bio cells.
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CHAPTER 5
RESULTS AND DISCUSSION

After the synthesis of catalyst next step is characterization. The phase structure and its
purity of the catalyst are investigated by XRD (Bruker/D8 model). Thermal analysis of the
oxalate precursor was carried out on an (S11 6300 EXSTAR) thermal analyzer in air atmosphere.
Morphology of the sample was investigated by FESEM (Carl Zeiss (Zamini-300)). TEM (FEI
Tecnai G2 20 S-Twin) was used for microstructure analysis. The surface area of the Co3Oa4
powder was calculated by Brunauer-Emmett-Teller (BET). Chemical analysis of the sample was
done with the help of FTIR. The absorbance of the sample done with UV-vis-spectrophotometer.
The hydrodynamic size was calculated by Dynamic Light Scattering (DLS).

The total mineralization for pyridine can be represented as:

C,H,N+14.5 H,0, -5 CO,+17 H,0+NO_ (i)

For the complete mineralization of pyridine, we calculated the amount of 30% H20> solution
which will be required. For one mole of pyridine, we require 493.14 g of H,O,. This means that
1643.8 g of H202 will be required. Thus the volume of H2O; solution required for the complete

mineralization is calculated to be 1.8 mL for 1 L of 100 mg pyridine solution.

5.1. CATALYST CHARACTERISATION
5.1.1. Thermal analysis

Thermal analysis experiment of the prepared CoEt of oxalate precursor CoC204.2H>0
(Fig. 4) is performed (air atmosphere) to take a look into the phase transformation with
temperature change. This experiment is performed between a temperature range of 30 °C to 700
°C. First weight loss is observed between 134-208 °C in the TG curve, which is attributed to the
conversion of CoC204.2H,0 to CoC,04. In DTA curve this can confirm by an endothermic peak.
Weight loss in the first process is 19.02 %. Second phase transformation process observed from
283-310 °C, which corresponds to a strong exothermic peak in the DTA curve. This can be
attributed to the transformation of CoC204to C0304. In second phase36.78 % weight loss is seen.

Thermal analysis for CoDd (Fig. 5) reveals that the first transformation process occurs
between 137-201 °C corresponding a small endothermic peak in the DTA curve. The second
phase occurs from 269-300 °C corresponding a strong peak in the DTA curve.

21



The samples of oxalate precursors were calcined at 500 °C to obtain good crystallinity of
final powder (C0304).

280 280
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Fig. 4 & Fig. 5 TG and DTA curve of cobalt oxalate

5.1.2 Structural analysis

The phase structure and purity of oxalate precursor (CoC204.2H,0) (Fig. 6) and cobalt
oxide (Co304) were investigated by XRD pattern of samples. Diffraction peaks of oxalate
precursor obtained from CoEt confirm the synthesis of the almost pure phase of CoC204.2H>0.
XRD diffraction patterns of the obtained product after calcination at 500 °C, confirms the
formation of pure CozOasphase. All the diffraction peaks can be indexed to the cubic structure of
Co0304, no other characteristic peak is obtained hence no impurity is present in the final sample
after calcination.

Phase structure and purity of prepared oxalate precursor and cobalt oxide were
investigated by XRD diffraction peaks. Fig. 7 confirms the formation of the almost pure phase of
C0C204.2H20 and Fig. 3d confirms the formation of pure Co304. Final product CosO4 is pure
because no characteristic peak of any impurity is obtained.

22



440
(b) (220) ‘\(222) (400) (‘22()5'11) ¢ 4 )
aiy | | ) i
— A M-JLWJ'JMJWMJL—-«
=: |/
S| oy
E=3
w
=
D
=
R

‘ (004) (114)

f/), LMll /‘ (116) (513)

a1 CoSO‘

CoC04.2H,0

(533)

e

20 30 40 50 60 70
206(degree)

80

(3L) Co. O

34

(d) 320 (440)
(220) 1
am ez GO gy (533
*‘J f il o L
p—
=. 202
< | e
=
[at]
Nt
=
w
<|=a a14) CoC04.2H,0
et
=
-

(004) f‘ (116) 13
()| !

»j l MJ o W“,,JWW‘J‘W e g Do et

20(degree)

Fig. 6 & Fig. 7 XRD patterns of (¢) CoC204 and (d) Co304

5.1.3. Textural analysis
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The surface area of the prepared CoEt was investigated by BET surface areaanalyzer.

The sample was dried in an oven overnight to remove moisture content and then a measured

quantity of sample was degassed by nitrogen gas at 150 °C for 5 hours. After degassing

remaining sample was put under the testing machine for 7 hours. Analysis of data obtained from

bet analyzer revealed that the surface area of CoEt (Fig 8) was 22.0348 m?/g.

The surface area of the prepared CoDd was investigated by BET surface area analyzer.

The sample was dried in an oven overnight to remove moisture content and then a measured

quantity of sample was degassed by nitrogen gas at 150 °C for 5 hours. After degassing

remaining sample was put under the testing machine for 7 hours. Analysis of data obtained from

bet analyzer revealed that the surface area of CoDd (Fig 9) was 15.7176 m?/g.
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Fig. 8 & Fig. 9 N2 adsorption-desorption isotherm of the Co3O4 nanoparticle

5.1.4. Morphology
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Morphology of the CosO4 powder (CoEt) was investigated by nondestructive technique
FESEM by Carl Zeiss Ultra Plus FE-SEM. FE-SEM use electrons for sample imaging. Results
are shown in Fig. 10 at three different scales 100 nm, 200 nm, and 1 um and 2 um. From Fig. 10.
it is clear that prepared powder is in the form of nanorods.

Morphology of the CosO4 powder (CoDd) was investigated by FESEM technique by Carl
Zeiss Ultra Plus FESEM. FESEM use electrons for sample imaging. Results are shown in Fig.11
at three different scales 100 nm, 200 nm, and 1 um and 2 pm. From Fig. 11. it is clear that

prepared powder is in the form of nanorods.

Fig. 10 FESEM images of prepared CosOs nanoparticles (solvent-ethanol) at a different

scale
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Fig. 11 FE-SEM images of prepared Co3O4 nanoparticles (solvent-ethanol) at a different
scale
5.1.5. FTIR analysis

FTIR analysis was done by Cary 630 FTIR Spectrometer. Fig. 12 shows an IR spectrum
of CoEt respectively. FTIR spectrum of CoEt shows two different absorption peaks at 563 (v1)
and 652 (v2) cm™* which generates due to stretching vibration of metal-oxygen bond and confirm
the synthesis of cobalt oxide. The (v1) band is attributed to vibration of the Co*‘in the octahedral
hole. (v2) the band is characteristics of Co?'vibration in a tetrahedral hole in the lattice.

FTIR analysis was done by Cary 630 FTIR Spectrometer. Fig. 13 shows an IR spectrum
of CoDd, respectively. FTIR spectrum of CoEt shows two different absorption peaks at 540 (v1)
and 652 (v2) cm™ which generates due to stretching vibration of metal-oxygen bond and confirm
the synthesis of cobalt oxide. The (v1) band is attributed to vibration of the Co®‘in the octahedral

hole. (v2) the band is characteristics of Co?'vibration in a tetrahedral hole in the lattice.
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Fig. 12 & Fig. 13 FTIR spectrum of Co3z04 nanoparticle

5.1.6. Dynamic light scattering (DLS)

The average hydrodynamic diameter of prepared CoEt and CoDd was determined by
Zetasizer nano zs. Fig. 14 and 15 showsAverage nanoparticle size was 3.96 nm with a
polydispersity index (PDI) of 0.406 for CoEt. Average nanoparticle size was 4.131 nm with a
polydispersity index (PDI) of 0.413 for CoDd. Average hydrodynamic size confirms the
synthesis of a particle in nano range.

Size (d.nm): % Intensity: St Dev (d.nm):

L-Average (d.nm): 3.960 Peak1: 5603 817 1.156
Pdl; 0406 Peak 2: 1469 183 fi58.4
Intercept: 0.719 Peak3:  0.000 0.0 0.000

Result quality : Refer to quality report
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Fig. 14 DLS spectrum of showing size distribution by volume
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Fig. 15 DLS spectrum of showing size distribution by volume

5.2. CATALYST PEROXIDATION STUDIES FOR OFLOXACIN AND PYRIDINE

The effect of time was studied on the peroxidation process using the as-synthesized nano-
rods. The results are shown in Fig. 16 and Fig. 17. In the case of mineralization of pyridine with
Co0304 nanorods and H2O., the percentage of degradation was 53% in a total of 5 hours, while in
the case of ofloxacin it was 64% in 5 hours. This shows that pyridine is a difficult heterocyclic
nitrogenous compound to breakdown rather than ofloxacin, despite a lower molecular weight.

This could be attributed to the fact that pyridine has an N atom present within the aromatic ring.

1.0 1.0
0.9 Pyridine 0.0 Ofloxacin
0.8 0.8 4
0.7 4 0.7 4
0.6 0.6
Q“ 0.5 — Q“ 0.5 4
S} o
0.4 0.4 —
I-—.___.
0.3 0.3 4
0.2 4 0.2
0.1 0.1+
0.0 T T T T T T 0.0 41— T T T T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Time (min.) Time (min.)
Fig. 16 & Fig. 17 Change in the concentration of ofloxacin during peroxidation with Co3O4

nano-rods
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CHAPTER 6

CONCLUSION AND RECOMMENDATION

6.1. CONCLUSION

The objective of this work was to prepare nanoparticles in two different solutions

(absolute ethanol and double distilled water). Properties of prepared samples were investigated

by different techniques. Following conclusions can be drawn from this work:

>

X-ray diffraction (XRD) analysis showed that the prepared final product is crystalline
in nature. Diffraction peaks of cobalt oxalate dihydrate confirmed the synthesis of the
almost pure phase of CoC204.2H,0. XRD diffraction peaks of the obtained product
after calcination confirms the formation of pure CozOs, no other characteristic peak
was obtained.

Brunauer-Emmet-Teller (BET) shows different values of surface area for CoEt and
CoDd. The surface area of CoEt was 22.0348 m?/g and for CoDd was 15.7176 m?/g.
Therefore, CoEt was more porous as compared to CoDd.

Field emission scanning electron microscopy (FESEM) was used to determine the
morphology of prepared samples. Images revealed that prepared samples were in
nano range and in rod-like shapes.

Thermo-gravimetric analysis (TGA) of the samples showed us that phase
transformation temperature for CoEt was 292 °C and for CoDd was 310 °C. same can
be confirmed from differential thermal analysis (DTA) curve.

Fourier transform infrared (FTIR) showed two sharp absorption peaks at 563 cmand
652 cm*confirms the synthesis of CozO4. Absorption peaks for CoDd observed at 540
cmtand 563cmtwith slight shift.

Dynamic light scattering (DLS) analysis of the solution of Coz04 in ethanol gives an
idea about the hydrodynamic diameter of particles. Size of particles of CoEt was 3.96
nm with a polydispersity index (PDI) of 0.406. size of CoDd was 4.131 nm with a
polydispersity index (PDI) of 0.413.

In the case of catalytic peroxidation of pyridine with Co3O4 nanorod activated H2O»,

the percentage of mineralization is 53% in 5 hours, while in the case of ofloxacin it is
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64% in 5 hours. This shows the potential use of Co-based nano-morphologies in the

activation of hydrogen peroxide-based peroxidation of heterocyclic compounds.

6.2. RECOMMENDATIONS
Following recommendations are suggested for further studies:
» To achieve higher removal percentage of ofloxacin and pyridine by using UV light.
» The same catalyst can be used in sunlight.

» Compare the removal efficiency of ofloxacin and pyridine using both samples.
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