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ABSTRACT

The liable application of solid egg shell waste obtained from food processing industry into biocompatible
calcium ferrite nano materials will put in significance to the waste generated.Million tons of egg shell waste are
produced every day which has contributed to environmental pollution.In this framework blending of
nanotechnology with science, ensuing green chemistry moralities has led to arrival of innovative and improved
technologies in the field of material science. Our present work aims at synthesis of calcium ferrite nanoparticles
by solution combustion method using waste egg shells as source of calcium, ferric nitrate as Fe precursor in
presence of urea as fuel at 500°c. Obtained calcium ferrites nanoparticles were annealed 900°c and
characterized by X-ray diffraction, Fourier transform infrared spectroscope, Scanning electron microscope,
BET, and Vibrating sample magnetometer. XRD results for the sample annealed at 900°c show the formation of
calcium ferrites with octahedral structure of crystallite size 10nm and exhibit mixed spherical and capsule
morphology. BET surface area of 6.93m2/g with total pore volume of 0.00381 cm®g and average pore diameter
of 2.19nm is obtained. M-H curve for calcium ferrites annealed at 900°c shows hardly hysteresis behavior under
applied magnetic field. Magnetic saturation and Coercive magnetic field strength found to be low which implies
that material acts as soft ferrites. Thus their magnetization can easily be reversed without dissipating much
energy. Hence the process of transforming eggshell waste into nanocrystaline calcium ferrite is an ecofriendly
process, besides; the present work may lead to generation of high valuable ferrite which is applicable in various

fields of engineering.
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1. INTRODUCTION

Eggs are the nutritious dietary supplement for healthy life but egg shells form a huge waste. Eggshell
waste has largely reflected as unusable and is castoff mostly because it pays to pollution. Food
processing industries depend on eggs as major ingredient which leads to massive assembly of egg
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shell waste. Industries are spending vast sum for disposal of waste egg shells in landfills, and the fills
are reaching maximum capacity. Main drawback of land fillings is organic layer adhering to the shell
attracts rats and other vermin.Thereby, resulting in high environmental impact. Egg shells contain 96%
of calcite, with other constituents like magnesium, phosphates, and organic substances [1]. Murakami
et al investigate the physical-chemical and thermal behaviour of calcium carbonate obtained from egg
shell and comparing to industrial calcium carbonate [2]. Literature work on waste egg shells gives a
clear insight of exploiting solid waste egg shells in fabricating value added biomaterials like
hydroxyapatite [3], bioactive wollastonite [4]. Catalysis is an energetic part of organic synthesis which
is emerging at the boundary of chemistry, physics, biology and mathematics. From past few years
chemists have been concentrating on design and use of ecologically caring catalysts. In current ages
magnetic nano materials mainly ferrites, due to their easy separation by bid of external magnetic
field, have arisen as a beneficial class for catalyst support [6]. Meanwhile Calcium ferrites are also
used as catalytic material [5]. Accordingly ferrites an important ceramic material, has been a central
part of research studies. As reported in literature, CaFe,04 has been synthesized by various methods
such as solution combustion [7], sol gel [8], polymeric precursor method [9]. L.Khanna, N.K. Verma
reported synthesis of calcium ferrite nano- particles and their magnetic properties at different
calcination temperatures [10]. Egg shell waste has potentially been applied in generating calcium
ferrites a major component found in magnetic devices, semiconductors, optical memory devises [11],
as electrode material especially in lithium ion batteries [12], and effectively utilized as adsorbent of
hydrogen sulphide [13]. Recently CaFe,04 nano particles prepared by co-precipitation method is been
used in grounding of electrode for electrochemical investigation thus finding excessive application in
the field of biosensors [14]. In the present work magnetically separable calcium ferrite was
successfully synthesized by solution combustion method using waste egg shell as Ca precursor and
ferric nitrate as Fe precursor in presence of urea as fuel. Utilizing waste egg shells as Ca source for
calcium ferrite synthesis has an added advantage over various other ferrites to use these materials for
biological applications owing to its bio-compatibility, thermal stability, and eco-friendly [15].N.H.
Sulaiman et al synthesised calcium ferrite nano-particles using sol-gel method for their drug delivery
application [16]. The use of eggshell to generate such biocompatible calcium ferrites in medical
application will not only lessen the pollution effect but also reduce the economic cost involved for
medical expenses thereby resulting in effective waste utilization. This approach has positively

revolved untransformed wastes into high value products resulting in wealth from waste.
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2. EXPERIMENTAL

Egg shells were collected from local bakeries in Bangalore. Waste egg shells were washed under
running water to remove impurities and soaked in hot water for one hour so that egg shell can be
separated from egg membrane. Obtained egg shells were repeatedly washed under running water and
dried in hot air oven at 120° for 24 hrs. Egg shell was then finely powdered by ball milling for 18hrs at
50 rpm.

CaFe,O4 nano particles were prepared by solution combustion method. Based on oxidizing and
reducing valency, stoichiometry of the redox mixture for combustion was calculated. Fine powdered
egg shells were used to prepare Calcium nitrate solution by treating egg shells with nitric acid which
resulted in clear yellow solution. To the yellow solution of Calcium nitrate stochiometric amount of
Ferric nitrate and urea was added and stirred for half an hour to obtain clear homogenous solution. The
complete redox mixture was magnetically stirred for half an hour to obtain clear solution. The resulted
homogenous mixture was introduced in a pre heated muffle furnace at 500°c for one hour.CaFe;Oy,
obtained as reddish brown powder was then annealed at 900°. The overall balanced chemical reaction

is represented as

CaCO3; + 2HNO3 E— C&(NOg)z
(Waste Egg shells) (Yellow solution)

3Ca(NOs), + 6Fe (NO3)3 9H,0 +20 CO(NH,), ———* 3 CaFe,04+ 20 CO; +94 H,0 + 32 N,

2.1 CaFe,0, characterization

CaFe,04 prepared by solution combustion method was characterized by techniques such as X-Ray
diffraction (XRD), recorded in bruker AXS, model : D8discover diffractometer using Cu-Ka radiation
at 20 rage of 0- 90° at scan speed of 5°/min. FTIR spectra was recorded in Carry 630 FT-IR , Agilent
instrument KBr pellets from range of 400 to 4000 cm™ . Morphology and chemical composition of the
catalyst was analyzed by Scanning electron microscope (Leica, model- S4401) studies. Surface area
and total pore volume was analyzed using Quta chrome autosorb 1Q instrument. Nitrogen adsorption
and desorption studies were carried out and BET (Brunauen-Emmett-Teller) method was applied to

adsorption data to obtain surface area measurements, total pore volume was analyzed from liquid
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nitrogen temperature.. Magnetic measurements on calcium ferrites annealed at 900°c were carried out
by Quantum Design SQUID VSM magnetometer.

3. RESULTS AND DISCUSSION
3.1 XRD Analysis

Powder X-Ray diffraction is one of the primary techniques used to determine the material under study.
XRD pattern of CaFe,O, obtained from chicken egg shells were studied as observed in the figure.
CaFe,04as prepared shows amorphous nature as no diffraction pattern was observed which depict lack
of crystalinity. XRD pattern of sample annealed at 900° clearly shows crystalinity and average
crystallite size is found to be around 10nm. The synthesized calcium ferrite from egg shells has
orthorhombic structure, whose space group is Pnam (62), being identified by the JCPDS file number
320168.
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Figure 1(a-b): XRD spectra of a) CaFe,0, as prepared at 500°c, b) CaFe,O4annealed at 900°c

3.2 FTIR studies

FT-IR studies for the synthesized calcium ferrites annealed at 900° as shown in figure no.2 was
recorded which helps to figure out the nature of chemical bonding. The broad bands at 3454 cm—1 and
1634 cm—1 are assigned to the O—H stretching vibrations. The band at 1064cm—1 corresponds to
metal-alloy (Fe—Ca) and bands at 624 and 567 cm—1 are attributed to Fe—O bonds due to the presence
of ferrite skeleton. The bands at 875, 712cm—1 are attributed to O—-Fe-O, Fe—-OH and bands at
451cm—1 correspond to Fe—O bonds. The bands at 526 cm—1 and 495 cm—1 correspond to the

stretching vibrations of the metal oxygen bonds (Ca-0).
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FT-IR spectra of CaFe204

Figure 2: FT-IR spectra of CaFe,Osannealed at 900°c.
3.3 SEM measurements

SEM results reveal both morphology and particle sizes of the samples. SEM images of CaFe,04
samples annealed at 900°% are shown in Fig 3 a-b. It can be observed that SEM images of CaFe,0,
show mixed morphology of spherical and capsule like. Particles are agglomerated with the average
particle size in the range of 290nm to 480nm. Agglomeration may be due to magnetic property of the
material. Similar type of results can be observed in the literature.

Figure 2(a-b): SEM images of CaFe,Oannealed at 900°c

3.4 BET surface area analysis
BET surface area of synthesized calcium ferrite annealed at 900°c from solid waste egg shells was
evaluated. Practically higher surface area of 6.93 m?/g was observed with total pore volume

0.00381cc/g and average pore diameter of 2.19nm when compared with the surface area of calcium
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ferrites reported in literature. N.Rezlescu et al has reported synthesis of nano sized calcium ferrites by
self-combustion method with BET surface area of about 2.83m?/g and total pore volume of 0.0049cc/g
with average agglomerate size of 440nm[17]. In the similar flow calcium ferrite catalyst (CaFe,0.) was
synthesized by the sol-gel method, which exhibited high catalytic activity for esterification of oleic
acid in which BET surface area, average pore diameter and specific pore volume, were 2.48 m?/g,
96.11 °A, and 0.0078 cc/g, respectively [18]. BET analysis of synthesized calcium ferrites using waste
egg shells as calcium source gives a higher surface area when compared with the calcium ferrites as
reported in literature.

P

Linearized DBET plot for Cale204

Figure 3: linearized BET plot for calcium ferrites obtained from solid waste egg shells.

3.5 Magnetic measurements study

Magnetic measurements on calcium ferrites annealed at 900°c were carried out by Quantum Design
SQUID VSM magnetometer using Quartz sample holder at room temperature. M-H curve is as shown
in Figure 5. It can be seen that the magnetization of calcium ferrites exhibits hysteretic behavior under
the applied magnetic field. Magnetization of calcium ferrite annealed at 900° exhibits hardly hysteretic
behavior under the applied magnetic field. The values of coercivity (H,) and saturation magnetization
(M) of calcium ferrites obtained from waste egg shells as calcium source are 317 and 0.0175
respectively. Similar behavior has been observed for PANI/NigsZn o sFe,O4 composites [19]. Observed
lower values of H, and M, for the calcium ferrites annealed at higher temperature may be due to
alteration in the structure of the calcium ferrites. Further, various anisotropy mechanisms such as
magneto-crystalline anisotropy, surface anisotropy and interparticles interactions also contribute to the
magnetic properties.
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Figure 5: MH plot of CaFe,;Osannealed at 900°c showing hysteresis loop

4. CONCLUSION

In this paper, we account for the preparation of CaFe,O4 nanoparticles by a solution combustion
synthesis using solid waste egg shells as the source of calcium. XRD results shows that obtained
calcium ferrites with orthorhombic type. The average crystallite sizes of the studied samples were about
10 nm. FTIR spectra festivities the configuration of chemical bonding in the obtained ferrites. SEM
results show the mixed morphology of spherical and capsules with agglomeration. BET outcome
depicts an higher surface area when compared with the calcium ferrites reported in literature The
magnetic measurements at room temperature of the synthesized CaFe,0, annealed at 900°c shows
hardly hysteresis with lower value of magnetic saturation and coercivity. Thus calcium ferrites from
solid waste egg shell acts as soft ferrites. Obtained Calcium ferrite from waste egg shells can find
potential application in microwave absorption area, biomedical application, for designing magneto
electronics devices and magnetic data storage. Extending the work, the synthesized calcium ferrites can
be used as catalyst in esterification of oleic acid with glycerol, a by-product from biodiesel industry to
obtain fine commodity chemicals. Accordingly renewal of solid waste egg shell from food processing
industry in synthesising valuable nanocrystaline calcium ferrites materials will add value in waste

exploitation thereby bringing about wealth from waste.
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