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Abstract: Nanocrystalline ceria (CeO,) was prepared by solution combustion method using cerium nitrate as
oxidizer and citric acid as fuel. The as-formed CeO, nanopowder was characterized by Powder X-ray
diffraction, Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). The
nanopatrticles were found to be agglomerated, fluffy and porous with a mean crystallite size of about 20 nm. The
as-formed ceria nanopowder was used for the removal of chemical oxygen demand (COD) of an industrial
effluent. The effect of various factors such as pH, dosage of nanopowder, stirring time and sedimentation time
was studied. It was found that more than 89% removal of COD could be achieved at a pH of 4, for a catalyst
dosage of 0.8g of the nanopowder per liter of the industrial effluent with a sedimentation time of about 80
minutes.
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l. Introduction

The development of modern industries over the last few decades has resulted in an an increase in the
production of industrial wastewater containing large amounts of complex organic molecules which play a major
role in environmental pollution. Accordingly, chemical, biochemical and solidification methods have been
employed to treat industrial wastewaters. But these processes have some obvious drawbacks such as high costs
and production of secondary pollutants. Therefore, development of an economical and convenient method for
the treatment of industrial wastewater is necessary. It has been reported that nanoparticles exert good catalytic
activities towards various chemicals. There are more than 3000 organic pollutants in water, which are difficult
to be degraded by conventional methods. Many of these pollutants can be broken down by treatment with
nanocrystalline metal oxides such as TiO,, ZnO etc. when induced by ultraviolet light [1-4]. This method is
especially effective when it is used to treat effluents that contain high levels of organic pollutants that are not
easily degraded by other processes. As a result it is believed that the application of nanotechnology and
nanomaterials to water treatment will provide solutions to many environmental problems [5-7].

Waste water generated by different production steps of industrial effluents have wide range of pH,
detergents, oils, suspended and dissolved solids, toxic and non-biodegradable matter, color and alkalinity [8-9].
Nanocrystalline ceria is used in gas sensors, electrode material for solid oxide fuel cells and as catalyst for
petroleum cracking. Several methods such as sol-gel, hydrothermal, co-precipitation etc. have been employed
for the preparation of nanocrystalline ceria [10-13]. In the present study, nanocrystalline ceria was prepared by
solution combustion method as this method is simple and the product is formed in a short period of time [14]. It
was characterized by PXRD, FTIR and SEM. The as-formed nanocrystalline ceria was used for the COD
removal of an industrial effluent. Results indicated that nanocrystalline ceria can be efficiently used for the COD
removal from industrial effluents under UV light.

1. Materials and Methods

2.1 Preparation of nanocrystalline ceria

All the chemicals were of analytical grade and were used without further purification. Distilled water
used throughout the experiment. Cerium nitrate hexahydrate Ce(NO3z)3.6H,O was used as oxidizer and citric
acid, CgHgO; was used as fuel. A petridish of 300 ml capacity containing an aqueous solution of the oxidizer
and fuel was placed on a hot plate until the excess water was evaporated. It was then introduced into a muffle
furnace maintained at 350°C. It was observed that the reaction mixture first undergoes thermal dehydration and
ignites instantaneously producing large amounts of gases. The flame temperature as measured by a
thermocouple placed inside the muffle furnace and not touching the solution was found to be around 1200°C.
The combustion reaction was completed in just 10 minutes and finally nanocrystalline was formed as a light
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yellow and fluffy powder. Since the time taken for autoignition is very small, to remove the undecomposed
nitrate, fuel and their decomposition products, the powder was calcined at 500°C for about 1 hour to obtain pure,
well-crystallized powder.

2.2 Characterization techniques

The phase purity and crystal structure of the as-formed nanopowder was determined by PXRD with
help of Scintag X-ray diffractometer using Cu Ka radiation (A = 1.5418A°) with a nickel filter.

The various stretching and bending vibrations of the as-formed nanopowder were determined by FTIR.
The FTIR spectrum was determined by using Perkin — Elmer spectrometer (spectrum 1000) with KBr as
reference.

The surface morphology of the as-formed nanopowder was determined by SEM. The SEM micrograph
was recorded using JEOL (JSM — 840A) scanning electron microscope.

2.3 Determination of COD of the industrial effluent without CeO, hanopowder

The chemical oxygen demand value of the industrial effluent was determined by open reflux method
number 5220B [15]. In case of sample titration, a known volume of the industrial effluent was mixed with
acidified potassium dichromate solution. Calculated amounts of silver sulfate and mercuric sulfate were added
and the mixture was refluxed at around 160°C for 2 hours. It was then cooled, diluted by adding 40 ml of
distilled water and the unreacted potassium dichromate solution was titrated against standard ferrous ammonium
sulfate (FAS) solution using ferroin as indicator. A blank titration was carried out in a similar way except that in
place of industrial effluent, same volume of distilled water was used. The COD value of the industrial effluent

was calculated using Equation 1:
cop = M .......... )
N = Normality of FAS solution
b = Volume of FAS solution consumed in case of blank titration
a = Volume of FAS solution consumed in case of sample titration

V = Volume of industrial effluent

2.4 Determination of COD of the industrial effluent with CeO, nanopowder

A known volume of the industrial effluent was mixed with a known amount of the nanopowder and
stirred magnetically under ultraviolet (UV) light for 30 minutes before proceeding for the COD determination.
The degradable matter undergoes degradation by the CeO, nanoparticles in the presence of UV light. The
mixture was subjected to sedimentation. The supernatant liquid was carefully decanted and the COD was
determined as described earlier. The COD removal was calculated using Equation 2:

0 COD removal = w ......... 2)

where, P = COD of the industrial effluent without CeO, nanopowder
Q = COD of the industrial effluent with CeO, nanopowder

2.5 Effect of variables

The effects of variable facors such as pH, dosage of the nanopowder, irradiation time and
sedimentation time were studied as follows:

The effect of pH on the COD removal was studied by conducting the experiment at various pH values
ranging from pH 2 to 12. To study the effect of dosage of the nanopowder, the COD removal experiments were
carried out by mixing the industrial effluent with various amounts of the nanopowder ranging from 0.2to0 1.2 g
of the nanopowder per liter of the industrial effluent.

The effect of irradiation time was studied by exposing the mixture of industrial effluent and
nanopowder for various time intervals ranging from 10 minutes to 60 minutes with intervals of 10 minutes. The
effect of sedimentation time was determined after selecting the optimum dosage of the nanopowder. The
sedimentation time was varied from the 10 minutes to 120 minutes with intervals of 10 minutes.

1. Results and Discussions
3.1 Characterization techniques
Fig. 1 shows the PXRD profile of the as-formed CeO, nanopowder. All the peaks can be indexed to the
pure cubic (fluorite) phase of CeO,. The lattice constants are comparable to the ones reported in literature for
CeO, (JCPDS 34-394). No impurity peaks were observed indicating pure phase of CeO,. The mean crystallite
size of the nanoparticles was found to be about 20 nm as calculated by applying Scherer’s formula (Equation 3)
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to the full width at half maximum (FWHM) of the intense peak at (111). The Scherer’s formula can be written

as

LA
D= 3)

where D is the crystallite size, A is the wavelength of X-ray radiation (0.15405 nm for Cu Ka), 0 is the
Bragg’s angle and B is the full width at half maximum of the most intense diffraction peak and k is an
instrumental constant.

Fig. 2 shows the FTIR spectrum of the as-formed CeO, nanopowder. The band at 3412 cm™ can be
ascribed to the v (O-H) mode of hydrogen bonded water molecules whereas the band at 1585 cm™ is due &
(OH). It has been reported that residual water and hydroxyl groups are usually detected in the as-prepared ceria
samples irrespective of the method of synthesis employed. The peaks at 2361 and 1388 cm™ arise due to the
absorption of atmospheric CO, on the metallic cation. The intense peak at 384 cm™ is due to stretching
frequency of the Ce-O bond [16-18].

Fig. 3 shows the SEM micrograph of the as-formed CeO, nanopowder. The particles have irregular
shape with a wide distribution in size. A large number of voids can also be observed in the compound which can
be attributed to the large amount of gases evolved during the combustion process. During combustion synthesis,
the morphological characteristics of the nanoparticles are strongly dependent on the heat and gases generated
during the reaction. Large volumes of gases help in formation of tiny particles whereas the heat released is an
important factor in crystal growth. The particles are also agglomerated which is usually considered as a common
way in which the nanoparticles minimize their surface energies.

3.2 Effect of variables

Fig. 4 shows the effect of pH on the COD removal. It can be seen that maximum COD removal occurs
at a pH of 4. Hence pH 4 was considered as the optimum pH. Fig. 5 shows the effect of amount of nanopowder
on the rate of COD removal. From the figure it can be seen that maximum COD removal occurs for a dosage of
9.8 g of the nanopowder per liter of the industrial effluent. Hence the optimum dosage was considered as 0.8 gL

Fig. 6 shows the effect of irradiation time on the rate of COD removal. It was found that maximum
COD removal occurs for an irradiation time of 40 minutes. Hence optimum value of irradiation time was
considered as 40 minutes.

Fig. 7 shows the effect of sedimentation time the rate of COD removal. It was found that maximum
COD removal occurs for sedimentation time of 80 minutes. Hence optimum value of sedimentation time was
considered as 80 minutes.

V. Conclusions

Nanocrystalline ceria was successfully prepared by solution combustion method. The characterization
techniques reveal that the nanopowder is fluffy and porous with agglomeration of particles. A wide distribution
in size of the particles was also observed and the mean crystallite size was calculated to be about 20 nm. The
results indicate that by selecting optimum values of pH at 4, dosage of nanopowder at 0.8 gL, irradiation tine at
40 minutes and sedimentation time at 80 minutes about 89% removal of COD of the industrial effluent can be
achieved. It can be concluded that the variables such a pH, dosage of nanoparticles, stirring time and
sedimentation time have a greater influence on the rate of COD removal. By selecting optimum values of these
variables, maximum COD removal can be achieved.
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