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Abstract

In present study the effect of additives on the morphology and particle size of calcium carbonate
were examined. The existent work used wet chemical method for the preparation of calcium
carbonate nano particles from the egg shell as natural source. The CTAB, Urea, sulphuric acid
and SDS were used as additives.

The processed and un-processed egg shell calcium carbonate nano particles are
characterized by different characterization techniques including Energy dispersive X-ray
analyzer (EDX), X-ray diffraction (XRD), Scanning electron microscopy (SEM), Fourier
transmission infrared spectroscopy (FTIR) and all these techniques showed different aspects of
synthesized product.

The results are compared for un-processed and processed egg shell calcium carbonate in the
presence of CTAB, Urea, sulphuric acid and SDS. The XRD pattemns determine the that caleium
carbonate nano particle are well crystalline and particte size reduces in the presence of Urea and
the sized is found to be less then 20nm where as in bulk it is 20nm..The SEM images reveals that
the un processed egg shell has the cubic like morphology and the processed egg shell in the
presence of HSO; showed that it has changed to rod like shape. FTIR results also confirmed the

formation of calcium carbonate nano particles.
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Chapter No.1

Introduction

1.1 Namnotechnology

Nanotechnology is a versatile field. It involves many disciplines like applied physics, interface
and collide science, device physics, chemistry, biology, material science, mechanical and
electrical engineering etc [1]. Nanotechnology clings to all other sciences at nanoscale. This
newly emerging discipline utilized laws and rules from all other sciences yet there is a operating

boundary between them at atomic scale [2].

*
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Figure 1.1: Multidisciplinary Fields of Nanotechnology [2]
Nanotechnology includes the major physical properties and phenomena of nanostructures which
make it different from bulk material. Nanotechnology is feasible to increase both qualitatively
and quantitatively. Nanotechnology exhibit high surface reactivity due to large surface to volume
ratio [3).

1.1.1 Nanoscale

It is hard to imagine the infinitesimal of nanotechnology, but this technology has the ability to

bring revolution in field of science [4]. Nanotechnology is a technology on an atomic or

1
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molecular scale that has potential to manipulate, exploit and control the properties of material at
atomic scale .The scale of atom and molecules are of the range of nano scale [5]. The nanometer

scale range from 1nm to 100nm in at least one dimension [6].
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Figure 1.2: Comparison of nanomaterial sizes [7]

1.2  Nanomaterials
Nanomaterials are the foundation of nanotechnology [8, 9]. Some Nanomaterials occur naturally
but some can be fabricated according to requirement. When the material is brought from bulk to
atornic level there is drastic change in its properties .This change is majorly due to increase in
surface area as compared to volume [10, 11].

There is a famous quote from Wolfgang Pauli that was expressed long ago, it says:

“God made the bulk, the surface was invented by the Devil”.

1.2.1 Categories Of Nanomaterials
To understand the importance and diversity of nanomaterials it is essential to classify them. The
classification is on the basis of dimensions [12]
i.  Odimensional (0-D)
ii, 1 dimensional (1-D)
iii. 2 dimensional (2-D)
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1.3.1 Nanomaterials V/S Bulk Material:

Nanomaterials Bulk Materials

i . Small surface effect
High surface-volume ratio

More number of defects
Less number of defects

Range= Greater than 10°nm(very large)
Range=1nm-100nm(very small}

Size dependent properties )
Constant Properties

Table 1.1: Difference between Nanomaterials and Bulk material [20]

1.4 Calcium Carbonate

Calcium carbonate is composed of calcium, oxygen and carbon [7]. Calcium carbonate is a
chemical compound with formula CaCO; [21]. Calcium carbonate is one of the most naturally
occurring mineral on the earth [22-24]. 71% of calcium carbonate on the earth crust exists as
marble or limestone [25].In nature calcium carbonate accumulates as the major element of the
rocks as the minerals in the form of stalactites and of stalagmites. It also exists in the form of
skeleton of shell of plants and animals [26].

The connection between these natural resources is calcium carbonate cycle. Calcium carbonate is

among most versatile material that is introduced to the mankind [27].
1.5 Polymorphs of Calcium Carbonate

Calcium Carbonate has three polymorphs. They are named as follow:
e Calcite
+ Vaterite

* Aragonite
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The three polymorphs are different from each other due to their morphologies. The morphology
can be controlled thermodynamically and kinetically [28-301.The chemical propertics of three
forms are same but the other properties like homogeneity, thickness, color are different in calcite,
vaterite and aragonite [27].

1.5.1 Calcite

The most stable form of calcium Carbonate is calcite .It is configure at an ambient atmospheric

pressure And temperature [31].Calcite has a rhombohedral shape [32].
1.5.2 Vaterite

The least stable form of calcium carbonate is vaterite. It is expected that vaterite can be used in
different purposes because it has a certain feature like high surface area, high dispersion, high
solubility, and low specific gravity compared to the other two polymorphs of calcium carbonate
[31, 33, 34]. Vaterite is a Strong candidate for a drug delivery system due to its, large surface
area, large porosity, and it can decompose fastly under relatively mild conditions (35,
36].Vaterite shows the hexagonal structures [32].

1.5.3 Aragonite

Aragonite is stable at high temperature. High temperature basically favors the fabrication of the
aragonite [37]. Tt is the least occurring form of calcium carbonate created artificially or in
laboratory. As aragonite is less dense than calcite so this property makes it very useful in
biomedical materials and it can be resolved and replaced by the bones [38, 39]. Aragonite has

both needle like and octagonal structures[32].

Figure 1.4: SEM images of Calcite and Aragonite [37]

5
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At higher temperature the aragonite was formed and this attributed to decrease in super

saturation conditions [37].

1.6 Availability of Calcium Carbonate Crystals

Polymorphs Biological Non-Biological
Calcite Very Common | Very Common
Aragonite Very Common | Rare

Vaterite Rare Very Rare

Non Crystalline CaCO; | Rare Non-Existent

Table 1.2: The availability of three polymorphs of CaCO; [40]

1.7 Sources of Calcium carbonate

Nature has pure Calcium Carbonate resources like carbonate rocks that has a high percentage of
calcium carbonate; Corals Pearls and Cockle shell etc [41-44].Calcium carbonate has a special
position among the biological minerals as it is the major element of bones and shells. In both
materials inorganic minerals linked with biopolymers [45]. Some natural biological and
geological calcium carbonate resources are as follow:

1.7.1 Marble

Marble is the largest ore body for carbonate minerals in the world which contains dolomite and

calcite as major rock forming minerals.
1.7.2 Egg Shells

Eggshell is in category of natural bio-ceramic composite which has combination of both
inorganic and organic that has the extraordinary characteristics. Calcium carbonate in the form of
calcite is the main constituent of eggshell about 94% by weight. The other components of the
eggshell are magnesium carbonate, calcium Phosphate and proteins. The interactions between
the inorganic and organic components within the structure of the eggshell occur at the nanometer
scale, affecting the mechanical performance of the eggshell. The unique properties of eggshell

make it very useful in the bone tissu¢ engineering.
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The eggshells have variety of applications. It has been observed that eggshells are used in paper
printing.

1.7.3  Cockle Shells

Cockle Shells commonly known as Anadara Granosa is considered to be most important source
of calcium carbonate .Due to its low cost and easy availability it fulfills the increasing demand of

biomaterials [27].

1.8 Effect of Process Conditions on Physiochemical Properties of

Calcium carbonate

The technological importance of polymorphism is due to dependence of properties of material
like solubility, density, optical properties and morphology on the structure. For many years the
focus arca of researchers is the controllable polymorphism of calcium carbonate nanoparticles
but the parameters like particle size and particle size distribution remain the key challenges.
Synthesis of CaCO; in aqueous solution can be plate like or cube like crystals of calcite,
aragonite of needle like vaterite can be of spherical shape, but the shape of synthesized particles
depends upon reaction condition.

1.8.1 Super saturation

At higher super saturation, there will be the formation of calcite [46, 47]. Low super saturation
favors aragonite formation [48].

1.8.2 Temperature

It has been observed that low temperature is suitable for calcite formation on other hand
aragonite dominate at higher temperatures [49].

1.8.3 Aging Time

One of the essential factors in the polymorphism of calcium carbonate is aging time. Long aging
increases the size of the particle re-crystallization of aragonite to calcite [50]

1.8.4 pH

pH is one of the important factor in morphosynthesis of calcium carbonate. There will be the
formation of aragonite when the pH is between 10 to 12 [25,50]. At low temperature 7°Cand pH
less than 11, calcite was formed and pure aragonite was obtained at high temperature 58°Cand
pH less than 10 [25].
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1.9 Effect of Additives On Morphology And Surface Of Calcium

carbonate

The presence of the additives is often critical for fabricating the crystals with different and
unusual morphologies[51]. Synthesis of different polymorphs of CaCOsand Nano-CaCQ; have
been carried out by the use of additives and by presence of different agents such as lyzozyme,
alcohols(ethanol, isopropanol, and diethylencglycol), Polyacrylamide [52].From industrial point
of view the presence of additives affect the morphologies of the CaCo; and also transforming

from one polymorph to ancther [30].
1.10 Utilization of Calcium Carbonate Nano Particles

Calcium carbonate is not only important from natural process perspective it is equally important
system in industry [35]. Calcium Carbonate is considered as a striking model mineral in the
laboratory, because its morphology and characterization of its crystals has been subjected to

control in biomineralizaion process [53].
1.10.1 Filler Materials

It has been observed that as filler material calcium carbonate can contribute extremely useful
properties like pigments, coatings, paper, plastics lubricants and paints [54]. In paper industry
calcium carbonate is used as filler to improve certain things like brightness, water resistance

and the ink retention. The two properties surface area and porosity of nano calcium carbonate
particles absorbs more oil in inks and prevents print rub from occurring [55]. Maximum
brightness of paper by ideal light scattering was attained with a blend Aluminum magnesium
silicate compound and precipitated calcium carbonate (PCC) [56]. Water resistance is increases
by the presence of surface modified calcium carbonate {57].

The theological and mechanical properties of many plastics such as poly L-Lactic acid
(PLLA) [58],Polypropylene (PP) [59]), polyvinylchloride(PVC)[60,61] and high density
polyethylene(HDPE) enhances in the presence of calcium carbonate [62]. The performance of
nanoparticles was found to be better than micronized particles because of better dispersion inside
a matrix. It has been observe that nanosized calcium carbonate is suitable for outdoors

insulators due to low value of dielectric constant i-¢ 8.19 [63].
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1.10.2 Biomedical

Calcium carbonate is non-toxic and compatible towards human body and that makes it useful for
drug delivery purposes. This effect is studied in numerous studies. The preferred particles for
such applications are of porous spherical shaped particles [54]. Polymeric shells can be
synthesized by using calcium carbonate particles as templates which can encapsulate drugs. The
drug consisting of CaCO; templates can be dissolved at ordinary conditions such as pH of 2-3 or
complexing agent. As a result, the capsules could be designed to provide sustained release of
drugs such as daunorubicin (DNR) and Dox {64].

The calcium carbonate particles in biomedicine are used for bone substitution and in the
treatment of by using the material that is based on the aragonite [65]. ACC may be used as drug
carrier in the pharmaceutical industry due to its high solubility [66]. Calcium alienate beads
could be fabricated by calcium carbonate and it is used for the immobilization of cells like
bacteria, fungi and yeast in fermentation process [67, 68].

1.10.3 Food Industry

Calcium carbonate has wide range of uses in food industry such as enzyme supports, biosensors
and catalysis [54]. CaCO; nanoparticles have been used as an enzyme immobilization matrix for
the construction of xanthine biosensors [69]. The fish freshness can be estimated by Xanthine.
The Biosensor provided a rapid response, high sensitivity, good stability and was successful in
avoiding interference of coexisting substances.

1.10.4 Environmental

A Calcium carbonate particle becomes an attractive candidate for the low cost and reliable
biosensors and other environmental application due to high porosity and surface area [34]. In

flue-gas desulfurization applications CaCO, is the most common reagent, it prevents harmful
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SO, emissions from coal and other fossil fuel exhausts [70].

Chemical

industry

IV-Iéte.rf.aI
filler

Environ- modification
mental

industry

——

Figure 1.5: Application of Calcium carbonate [54]

1.11 Properties of Calcium carbonate
Some of the properties of calcium carbonate are as follow:

1.11.1 Odor

Calcium carbonate is odorless.

1.11.2 Color
The color of calcite crystal or powder is white, an aragonite crystal appears to be white and

vatetite is colorless.

10
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1.11.3 Solubility

Practically it is insoluble in water, but it is soluble in acids.

1.11.4 Density

The density of calcium carbonate is found to be 2.8 gfem*

1.11.5 Decomposition

It decomposes into the calcium oxide and carbon dioxide at 825°C.When it decomposes it emits
irritating vapors.

1.11.6 Corrosivity

It is non corrosive.

1.11.7 Molecular Weight

The molecular weight for calcium carbonate is 100.0869 g/mol [21].

11



OBJECTIVES

The particular objectives of this study are to:

To determine the formation of calcium carbonate nanoparticles by applying different

chemical routes.

To determine the effect of different additives on the morphology and particle size of

calcium carbonate experimentally.

Egg shell is used as natural calcium carbonate source.

To compare the results of synthesized nanoparticles with the standard calcium carbonate

Following techniques were used to study the synthesized product:

XRD: To determine the crystallanity and confirmation of calcium carbonate

FTIR: To determine the vibration mode of formed calcium carbonate.

SEM: To study the morphological structure of synthesized calcium carbonate.

EDS: To study the composition

12
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CHAPTER No.2

Literature Review

Calcium carbonate and their modified surface has been the focus area of research in science and
engincering to execute in different fields of life. Also at the present time under experimental
study of nanoscale particles, a number of researches on calcium carbonate nanoparticles has been
accomplished and also has been published in various literature of scientific world.

Calcium carbonate with different morphologies, particle sizes and forms were successfully
fabricated by Q. Zhang at el. (2010) using p-amino benzene sulphonic acid and -Lysine (L.
Lys).The p-amino benzene sulphonic acid was used for the purpose of controlled morphology of
the calcium carbonate nanoparticles. The method adopted by the author for synthesis of the
Calcium carbonate particles with controlled morphology was Gas Diffusion method.

The author observed that concentration of p-amino benzene sulphonic acid strongly effect the
shape .The author showed that shape could be like spherical lens type or pancake etc [71].

T. A. Hassan et al. (2011) carried out a experiment for size reduction of particles. The main aim
of his study was to reduce the size of the particle by mechano chemical method followed by
sonochemical method. The eggshells were crushed by wet ball mill. The grounded particles were
then irradiated by sonication. An energy dispersive X-ray analyzer (EDX), X-ray diffraction
(XRD), Scanning electron microscope (SEM) and transmission electron microscope (TEM) were
used to analyze the final product. They determined that there was a change in shape and size of
the synthesized calcium carbonate particles. The author reported that the particles size was
visibly reduced and the BET result showed high surface area. They revealed that these prepared
nanoparticles could be used in many advanced application [72].

A. Tavangar et al. (2011) formed the calcium carbonate nanofibrous from eggshell that were in
3D.The adopted the method of femtosecond laser ablation. The formed product was analyzed by
using), X-ray diffraction (XRD), Scanning electron microscope (SEM) and transmission electron
microscope (TEM).The results showed that by the use of controlled laser pulse repetition,
nanostructures can be made with different densities of nanofibrous and author revealed that 3D

nanofibrous can be used in different medical application [73].

13
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The presence of surface modifier agents, organic and inorganic additives will have visible effect
on the morphology and shape of nanoparticles. The same work is done is by K. Nurul Islam et
al. (2011) compared the calcium carbonate from cockle shell and commercial calcium
carbonate.CaCQ, from cockle shell were grounded by pestle to reduced the size of the particles.
The grounded particles were dried for 7 days at 50°C to remove any moisture,

Author then compared both the powder that is Commercial CaCO; and the from the cockle
shell. Both powders were analyzed by variable pressure scanning electron microscope (VPSEM),
an energy dispersive X-ray analyzer (EDX), and Fourier transmission infrared spectroscopy (FT-
IR).The results showed that cockle shell calcium carbonate contained more carbon and calcium
where as commercial calcium carbonate contained more oxygen.

The analysis also showed that cockle shell had aragonite structure and commercial calcium
carbonate had calcite or cubic like structure [74].

M. E. Hoque et al. (2013) reported the experimental condition to prepared calcium carbonate
particles from cockle shell using Chemical Wet Method. They took dilute sulphuric acid (H;S04)
for washing of cockle shells. These washed calcium carbonate based shells were dried in an oven
for 3 days. The dried shells were then crushed by rotor mill which was operated at 100W, 230V
and 50/60Hz.

Author analyzed the final product by using an energy dispersive X-ray analyzer (EDX), X-ray
diffraction (XRD), Scanning electron microscope (SEM) and Fourier transmission infrared
spectroscopy (FT-IR).They revealed that the synthesized sample of calcium carbonate from
cockle shell had a rod like crystals which is the shape of aragonite, So the calcium carbonate
present in cockle shell is of aragonite form. The Fourier transmission infrared spectroscopy
(FT-IR) results showed that characteristics peaks are at 861.93em™ [27].
Cetyltrimethylammonium bromide (CTAB) is a surface-active agent .It has ability to dissolve in
water. Cetyltrimethylammonium bromide (CTAB) is usually used because it is important for the
pore formation, Scattering and self assembly [75].

N. Wang at el. (2013) studied that the morphology and particle size of calcium carbonate
nanoparticles can be controlled by controlling the ratio of water to surfactant content.

Author found that size of calcium carbonate particle was sensitive to surfactant content. The
decreased value of water to surfactant content reduced the size of particle very rapidly and it
reduced from 75-15 nm [76].

14
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The particles were studied in detail by X-ray diffraction (XRD), Scanning electron microscope

(SEM) and transmission electron microscope(TEM).The results revealed that spherical calcium
carbonate nanoparticles was obtained by choosing the ratio of water to surfactant from 3.40 to
22.63 [76].

Calcium carbonate nanoparticles have been synthesized in various shapes each with unique
propertics and each published in different literatures of Science and Technology.

E. Altay at el. (2007) performed the Sol Precipitated technique to form the calcium carbonate at
different ranges of mixing and aging temperatures. They used polydiallyldimethylammonium
chloride (PDDA), Cetyltrimethylammonium bromide (CTAB), ethylenediaminetetraacetic
(ETDA) as additives .PDDA is among the polycationic electrolyte. It has ability to interact with
solid surface and ions in solution. Before this the effect of PDDA on the polymorphs of calcium
carbonate has not been studied. At lower temperature CTAB does not affect the morphisim of
calcium carbonate [30].EDTA presences reduces the amount of fee ions and it retards the
nucleation.

Author observed the morphology of calcium carbonate particles in the presence of these
additives, He showed that these additives degrade the aragonite formation. X-ray diffraction
(XRD), Scanning electron microscope (SEM) was used for the analysis of calcium carbonate
particles. The results showed that only EDTA had the most prominent effect on the morphology
of calcium carbonate [77].

By the mean of wet chemical method the calcium carbonate particles were made by Z. Sadowski
at el. (2010) they studied the influence of chemical and physical properties on the size of
particles, They did so by dissolving calcium chloride (CaCly) with polyethylene glycol (PEG)
solution. The mixture was then added in potassium carbonate solution (K2Co3) water solution in
four different molar ratios. Calcium carbonate precipitates was filtered off, washed with water
and finally dried in vacuum. Their conclusion was stirring speed and mixing time had a great
effect on precipitated calcium carbonate.

They also observed that the concentration of the PEG influences the size of particle. Size of
particles appeared to increase when there is interaction between bio-surfactants and precipitated

particles [59].

15
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The presences of additives in different concentrations have a crucial effect on the morphology
and size of the particles of calcium carbonate. The same effort was done by E. M. Flaten et al.
(2009) by wet chemical method using mono ethylene glycol (MEG).

Mono ethylene glycol (MEG) was found to influence the morphology, polymorphism and
transformation from one form to another. The characterization of the synthesized particles was
done by scanning clectron microscope (SEM).Author presented that high amount of MEG
produced the Vaterite polymorph of Calcium Carbonate. At different temperatures, the two step
transformation occurred. Firstly the structure would change from cube to calcite and then to
spherical. The size of the particles reduced by the higher concentration of mono ethylene glycol
(MEG]) [56).

H. Tang ¢t al. (2009) prepared the peanut shape calcium carbonate aggregates via facile
precipitation reaction. The reaction was between Na,CO; and CaCly in the presence of ethanol as
solvent and magnesium ions. The solution was stirred for 1 minute and then it was place under
static condition for 24 hours at room temperature. The final product was filtered off, washed with
distilled water and then dried.

The prepared product was evaluated by X-ray diffraction (XRD), Scanning electron microscope
(SEM) and induced couple plasma atomic emission spectroscopy(ICP-AES).Author found that
there would be phase transition and it occurred in two steps From amorphous calcium carbonate
(ACC) to calcite and then from calcite to aragonite. The author revealed that proper
concentration of magnesium ions and ethanol solvent produced the unusual peanut like aggregate
calcium carbonate [24].

Amorphous calcium carbonate were made by H. S. Lee et al. (2005).They did so by mixing
ethanolic CaCl, and ammonium carbonate. Ethanol is one of the common industrial solvents
with negligible toxicity. Ammonium has ability to maintain the reaction medium in neutral or
weak basic condition. Author reported that ethanol prevents the dissolution of amorphous
calcium carbonate (ACC).The phase transition on was from ACC to vaterite or calcite. X-ray
diffraction {XRD), Fourier transmission infrared spectroscopy (FT-IR} and Raman spectroscopy
were used for the analysis of synthesized product. Particles obtained can be converted into
calcite by giving proper temperature [23].

Nanoparticles of amorphous calcium carbonate were prepared by M. M. M.G. P. G. Mantilaka et
al. (2014) by carbonation route in which poly (acrylic acid) PAA is mainly used. The source used
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to form amorphous calcium carbonate was impure marble. The author reported that temperature

for proposed method was 40°C and pH was4.5.The size of the synthesized amorphous calcium
carbonate patticles were in the range of 21-53nm.The author showed that concentration of PAA
greatly affect the morphology of particles. The vaterite shape particles were produced and the
prepared particles were sufficient to meet the industrial requirements [78].

Various researches have carried out to synthesize the nanoparticles of calcium carbonate from
eggshell,

The rescarchers used raw eggshells as the source of calcium carbonate and made them
compatible to the different application in industry and other field of science and technology.
Same work was done by T. A. Hassan et al (2013) who prepared nanoparticles of calcium
carbonate via Mechanochemical by and Sonochemical techniques.

S. Yoo et al. (2009) worked on the utilization of calcium carbonate from eggshells. For this
purpose they performed an experiment in which the calcium carbonate particles from eggshell
were prepared by using vinegar, yeast and high temperature treatments. The author used Fourier
transmission infrared spectroscopy (FT-IR) for the analysis of the synthesized product. They
revealed that calcium carbonate from eggshells were successfully used in various applications.
The author reported that the major use of eggshells calcium carbonate was in coating pigments
for inkjet printers. They also determined that eggshell calcium carbonate in pigments enhanced
its optical density [79].

A-X. Wang et al. (2014) prepared the calcium carbonate micro crystals. The calcium carbonate
was of vaterite type with unusual morphology. The author adopted simple precipitation route to
synthesize such particles. They used ethanol and sodium bicarbonate (NaHCOs) as the major
elements. They observed that the polymorph of final product could be controlled by the use of
ethanol and sodium bicarbonate. The particles were then studied by X-ray diffraction (XRD),
Scanning electron microscope (SEM) and transmission electron microscope(TEM) and Fourier
transmission infrared spectroscopy (FT-IR).The results showed that the shape of the synthesized
particles were of spica-like hierarchical[80].

The size and shape of resulting material depends upon the preparation method and the reaction
conditions. J. Wang et al, (2014) prepared calcium carbonate particles with different shapes and

morphologies. They synthesized the particles via precipitation in an octal amine/water self
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assembly bilayer system. The author reported that water to octal amine (R) molar ratio of the

bilayer system was responsible for the shape and crystal structure of calcium carbonate particles.
The prepared particles were characterized by X-ray diffraction (XRD), Scanning electron
microscope (SEM).The results revealed that the shape of the particle will be hopper like when
water to octal amine ratio(R) is 16.0.As the value of R was decreased to 7.2 the particles shifted
their morphology to vaterite tabular aggregates and the change in size of particles were also
observed [81].

G. Hongxia et al. (2011) prepared the aragonite calcium carbonate particles with multiple
morphologies. The adopted method for synthesis was homogeneous precipitation method. The
author studied the effect of urea and PVP on the calcium carbonate particles. These synthesized
particles were analyzed by X-ray diffraction (XRD), Scanning electron microscope (SEM) and
Fourier transmission infrared spectroscopy (FT-IR).The results showed that the presence of PVP
Affect the morphology of these particles. They found that the morphology of the synthesized
particles were complexed ,it might be bundle of rods, dumb bel} like structure and the prepared
particles were almost 100% aragonite[82].

Y. Boyjoo et al. (2014) gave a contribution in nano and micro sized particles of calcium
carbonate by CO; bubbling method and biomimetic method. They determined that the presence
of additives, temperature and agitation time effected the properties of synthesized calcium
carbonate particles. The author also showed the importance of the micro and nano sized calcium
carbonate particles in biomedical, environmental, and many other areas of daily life.

The author showed that biomimetic method changed the morphology and size of the particles as
compared to carbon dioxide bubbling method. The shape of the prepared particles might be rod,
like, spherical or flower like etc [54].

Ukrainczyk et al. (2007) performed an experiment to prepare the calcium carbonate particles
.They studied the effect of temperature, stirring rate and the mass concentration of Ca(OH); in a
semicontineous process. The particles synthesized by this process were characterized by
transmission electron microscope {TEM).The author showed that polymorphs did not change,
every time calcite was formed. They revealed that crystal shape and size of particles affected
significantly by temperature and conductivity [33].

S. Quhenia et al. (2008) prepared the calcium carbonate nanoparticles via simple wet chemical

method. The polyacrilic acid was used as additive. The author studied the effect of PAA on the
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morphology of calcium carbonate particles in co-operation of temperature. The prepared
particles were characterized by X-ray diffraction (XRD), Scanning electron microscope (SEM).
They showed that there were visible changes in the synthesized calcium carbonate particles. At
temperature 5°C the vaterite was formed. It is largely destabilized at higher temperature. The
particle size observed was of 10-12nm [84].

A. S. Kamba et al. (2013) synthesized the calcium carbonate nanocrystals via micro emulsion
technique. In this technique high pressure homogenizer was used. In oil in water O/W micro
emulsion the particle size was reduced. The particles prepared by this method were analyzed by
different characterization techniques. The results revealed that synthesized product had a rod
shape morphology and the size of the particles were about 50nm .Author also determined that
there would be a change in polymorph at 300-373°C and at 600-700 °C i-e aragonite began to
transform into calcite. The results showed that at low temperature small particles decomposed
faster than larger sized particles [85].

W. M. Jung et al. (2000) investigated the size and morphology of calcium carbonate particles by
precipitation reaction that was carried out in Cocuetle —Taylor Reactor. Author concluded that
due to the presence of excessive reactant the particle size and morphology was noticeably
changed at stichiometric reaction conditions the particles were observed with cube like particle
and largest mean size. The results revealed that when the concentration of excess species
increases the morphology changed to spindle like shape and particle size decrcases [86].

B. Aziz et al. (2011) worked on the formation of calcium carbonate with complex shapes by
changing some parameters such as stirring rate or time, pH and temperature. Author observed
that with greater stirring time the vaterite transformation into caleite. They concluded that both
kinetic and equilibrium dependencies became important when energy difference was small

between different polymorphs of calcium carbonate [87].
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CHAPTER No.3

Synthesis and Experimental Techniques

3.1 Instrumentation

i.  Electronic balance
ii. DBeakers
iii.  Hot plate
iv.  Magnetic Stirrer
v.  Electric Stirrer
vi,  Petri Dishes
vii.  Centrifuging Machine

viii. Drying oven

3.2 Materials

Name of Chemicals Chemical formula
Sulphuric acid H,S04

Ethanol C;H;O

Sodium Dodycyl Sulphate NaC,,H;5504

Cetyltrimethylammonium bromide CoH4BrN

Urea CH4N;O

Table 3.1: List of Chemicals Used in the experiment
3.3 Synthesis of Nanoparticles

There are two main approaches for the synthesis of nanoparticles
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i.  Top down approach

ii. Bottom up approach
3.3.1 Top down Approach
It is 2 method in which bulk piece of material is carve into small pieces and that is in the range of
nm. Top down approach has four sub techniques i-¢ lithography, high energy ball milling, gas
condensation technique and sever plastic deformation [88].
3.3.2 Bottom up Approach
In Bottom up approach, the structure being built up atom by atom, molecule by molecule and
cluster by cluster through covalent bonding [89].These building blocks are naturally self
assembled and can be organized into composed morphology. Bottom up approach has five sub
techniques i-e physical deposition method, soft lithography, self assembly, sol gel method and
chemical vapor deposition. Sol gel method is preferred because it yields uniform particle size

distribution and is eas¢[88]

3.4 Synthesis of Calcium carbonate Nanoparticles

The entire chemicals used in synthesis were commercially available and were used without
further purification.

3.4.1 Preparation of Micron Sized Eggshell Powder

For the preparation of eggshell nanoparticles, firstly it was prepared in micron sized and then by
different methods it is made on nanoscale.500 grams of raw eggshells were first washed by
normal tap water to remove grime and dust from the outer surface of shells and inside of the
shells. Then shells were soaked in distilled water for 24 hours in a glass beaker. After that the
inner membrane were separated then eggshells were collected and dried for 24 hours at room
temperature.

After drying the eggshells (in white color) were crushed by using a mortar or pestle for 3-4 hours
to reduce the diameter of the particles. The particles size was in micron size. The powdered
calcium carbonate was packed in polyethylene plastic bag [27, 42, 72, 74,}.

3.42 Preparation of Nanosized Eggshell Powder

The nanosized calcium carbonate particles were prepared by the presence of different additives

by four different ways.
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3.4.2.1 In the presence of H,SO,

Five grams of micron sized egg shell powder was taken into a 250ml glass beaker. Slurry was
formed by adding 50ml distilled water. Now to prepared calcium carbonate nanoparticles Iml of
sulphuric acid (H50;) and 100ml of ethanol was added into a beaker. This was soaked for 48
hours. The soaked solution was vigorously stirred at 1000 rpm at room temperature for 8-10
hours using a magnetic stirrer bar and hot plate.

The ultrasound irradiation method was adopted to reduce the size of the particles to nanoscale
[90, 91]. Sonication is an effective tool for reducing the size of particles without disturbing the
crystalline structure [72].

The obtained particles were sonicated or irradiated in a sonication bath for 90 minutes with the
high intensity ultrasonic horn. After sonication the particles were collected and washed with
distilled water several times. The final product was centrifuged at 15000rpm to separate the
eggshell particles from solvents. The particles were then dried in oven at 50°C .These particles

were then characterized.

CaCQ- Powder

!

50m! distilled water+100ml ethanol+1ml sulphuric acid

/

Soaked for 48 hours Stir for 8-10

~

Sonicate for 1hr 30

min

Washed and dried

Figure 3.1: Schematic diagram for synthesis of CaCO; Nanoparticles In the presence of HaSO4
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3.4.2.2 In the presence of Urea

Five grams of calcium carbonate eggshell powder was taken into beaker. A 50ml ethanol was
added to the beaker and then stirs for 10-15 minutes. Another solution was made by five gram of
urea and 50m! of ethanol [82]. The solution was stir by using magnetic stirrer for 15 minutes.
Both the stirred solutions were then added up and the mixture was again vigotously stirrer for 30
minutes at the temperature of 90°C.The stirred solution was left for 2-3 days. The obtained
solution was washed with distilled water many times by centrifuge machine. The washed product

was dried in an oven and it was then used for further characterization.

Solution A Solution B

A

Sgm 50 ml
CaCO3 \  Ethanol

Stirring for 10 min Stirring for 10 min

Mix stirred solution A and solution B

Left for
2-3 davs

Calcium Carbonate Nanoparticles

Figure 3.2: Schematic diagram for synthesis of CaCo3 Nanoparticles In the presence of Urea
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3.4.2.3 In the presence of Cetyltrimethylammonium Bromide (CTAB)

5 grams of eggshell powder and Sgrams of Cetyltrimethylammonium bromide (CTAB) were
measured by electronic balance. CTAB was used as a surfactant [30].50m] ethanol and 50ml of
distilled water was measured by measuring flask. Eggshell powder and CTAB were added into a
ethanol and distilled water. The slurry was stir for 4-5 hours at 1500 rpm with the temperature of
50-70°C by the use of magnetic stirrer and hot plate. The solution was left for 48 hours. After
that washing was done for 2 hours by centrifuging machine. The obtained product was dried in

an oven for further use and purification.

5gm CaCOy+5gm CTAB

h

50ml Ethanol+50ml Distilled water

h
Stir for 4-5 hours

Washed

Dried

L

Calcium carbonate Nanoparticles

Figure 3.3: Schematic diagram for synthesis of CaCO4 Nanoparticles In the presence of CTAB

3.42.4 In the presence of Sodium Dodycyl Sulphate (SDS)
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Different methods were adopted for the synthesis and modified the surface of calcium carbonate

nanoparticles. In present method 5 grams of egg shell powder were added to 1 gram of sodium
Dodycyl sulphate and the mixed to the solvents athanol and water. Both ethanol and distilled
water was taken 50 ml. The mixture was left for vigorously stirring for 90 minutes. Then the
obtained solution was washed many times with distilled water. The particles were dried in oven

.The dried product was used for characterization and analysis.

5gm CaCO;+1gm SDS

L 4
50ml Ethanol+50m! Distilled water

h

Stir for 4-5 hours

Washed

Dried

¥
Calcium Carbonate Nanoparticles

Figure 3.4: Schematic diagram for synthesis of CaCQ; Nanoparticles In the presence of SDS

3.5 Characterization Techniques
The most significant part of materials exploration is the characterization of the created materials

that we utilize or examine with a specific end goal to procure more learning about them. The
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prepared samples were analyzed by using different characterization techniques as described in
section 3.5.1-3.5.4.

3.5.1 X-Ray Diffraction

X-Ray diffraction is an instrument which is utilized to examine the fine matter structure. In 1912,
Von Laue's found that crystal diffracts x-ray which reveals the crystal structure, At earlier times,
it was utilized for the investigation of crystal structure yet with improvement of technology, now
it is conceivable to get the data about crystal geometry e.g. cross section constant, measurement

of molecule size, chemical analysis and orientation of crystals planes [92].
44
/ /

/ /

Figure3.5: Diffraction of X-rays from crystal planes [93]

A collimated light emission beam with wavelength of 0.7 to 2A%is fallen on to the specimen.

Fig 3.5 shows the diffraction of X-rays from erystalline planes of specimen.

3.5.1.1 Bragg’s Law

Bragg’s law is given as
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2dSinf=n) 3.1)

Where n has integral values
d=Spacing between atomic planes
A=Wavelength of X-rays [94]

Spots created by Spot created by

Crystalline d'ﬁ'ac"e x-rays x-ray beamn

material

. -
-
g'tf;- T
Y

X-ray Collimator to

source focus beam
Photographic
film
(a) X-ray diffraction {b) X-ray diffraction pattern captured

on photographic film

Figure 3.6: X-ray diffraction secheme [95]

X-tays generated by ionization of electrons from K-shell are utilized for the diffraction
investigation because of its shorter wavelength when contrasted with those X-ray from L-M
shells.The most basic target materials are copper and Molybdenum used to create X-rays with
wavelength 1.54 to 0.8 A°[96,97).The Crystalline size "D" can be ascertained from Scherrer's
formula

D=0.9 2/pcos@ (3.2)

Where D=particle size

A=Wavelength of X-rays

0 =Bragg’s angle

p=full width at half maximum (FWHM) [98]

3.5.2 Scanning Electron Microscopy

3.5.2.1 Basic Principles:
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Scanning electron microscope is most extensively useful tool for the study of the surface of the
sample since it offers a superior determination than the optical microscope. It uses electrons
radiated from tungsten or Lanthanum hex boride (LaB¢) thermionic emitters for the
representation of surface of the specimen. A temperature between 2000-2700 K is accomplished
by heating the filament by the use of current. This results in a discharge of thermionic electrons
from the tip more over an area around 100 um x 150 p. The electrons produced by the electron
gun are accelerated toward the sample within the energy range of 0.1-30 keV [99].

An arrangement of lenses centers the electron beam on to the sample where it interfaces with the
specimen to a depth of nearly 1 pm. Figure 3.8 shows the components of a scanning electron

microscope [100].

Electron SOUCE ; ;
Limiting aperture
& ﬂ Condensef lens

& Secondary
Objecuve lens

\

Secondary electrons

Sample

Figure 3.7: Schematic diagram of an SEM set-up [100]

When the electron beam falls on the sample, numerous sorts of signals are generated and any of
these can be displayed as an image, numerous sorts of signs are created and any of these can be
displayed as an image. The two signals usually used to create SEM images are backscattered

electrons (BSE) and secondary electrons (SE).When the electrons interact with the positively
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charged nucleus, most of the electrons are scattered at large angles (from0° to 180°% .These
elastically scattered electrons usually called 'backscattered electrons' (BSE) are used for SEM
imaging. A few electrons are scattered in-elastically because of the loss in kinetic encrgy upon
their cooperation with orbital shell electrons. The electrons which are incident on sample can
knock out loosely bound conduction electrons from the sample. These are secondary electrons
(SE) and along with backscattered clectrons are widely used for SEM topographical imaging.
When a positive voltage is applied to the collector screen in front of detector both SE and BSE
Signals are collected. Only BSE signal is captured because SEs has a low energy and is being
repelied when a negative voltage is applied on the collector screen. Electrons captured by the
scintillator/ photomultiplier are then amplified and used to form an image in the SEM [101].
3.8.3 Fourier Transforms Infrared (FTIR) Spectroscopy:

All the method of spectroscope are based on interaction of electromagnetic radiation with a
medium or the specifications related to radiations emitted from medium[102].In electromagnetic
radiations, radiations which cover the wave number between13300cm™ and 3.3cm™ are called
infrared radiations. Fourier transforms infrared spectroscopy (FTIR) is a technique which is used
to detect atomic vibrations [103].

3.5.3.1 Basic Principle

The FTIR basically works according to Michelson interferometer. It is the major part of Fourier
transform infrared spectroscopy [104].FTIR is type of vibrational spectroscopy [105].The FTIR
is composed of laser light source and detector, moving mirrors and the several fixed mirrors.
FTIR spectrometers belong to third generation infrared spectrometer. FTIR spectrometers have
various dominates advantages:

(1) The signal-to-noise ratio of spectrum is significantly higher than the previous generation
infrared spectrometers.

(2) The accuracy of wave number is high. The errot is within the range of £ 0.01 cm’,

(3) The scan time of all frequencies is short (approximately 1 s).

(4) The resolution is extremely high (0.1 ~ 0.005 cm™).

(5) The scan range is wide (1000 ~ 10 em™).

(6) The interference from stray light is reduced. Due to these advantages, FTIR Spectrometers

have replaced dispersive IR spectrometers.
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The FTIR schematic setup is shown in fig,

Fixed mirror
——

Beam splitter Moving mirror

Source H|Collimator // H I

Sample
compartment

Detector

Figure 3.8: Schematic setup of FTIR Spectroscopy [106]

In Michelson interferometer the infrared light is divided into two parts and both waves cover
different path differences and that path is referred as optical path difference. The beam splitter is
the key part of Michelson interferometer. The beam splitter is often made up of getmanium plate
coated with KBr. The germanium splitters reflects 50% incident light and at the same time 50%
light is transmitted. One splitted part travels toward moving mirror and other part toward the
stationary mirror. At this stage both beams reflects from mirror and recombine at beam splitter.
When they recombine interference pattern is produced. As the moving mirror moves back and
forth, beam brightness changes .The change in intensity of light versus optical path difference is
called interferogram [107].

3.5.4 Energy Dispersive X-Ray Analysis (EDX):

The characterization technique which is usually used to identify the elemental composition of the
specimen is known as EDX(Energy Dispersive X-Ray Analysis). The EDX technique is basically

the integrated part of scanning electron microscope(SEM)[108].To affirm the composition of
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Sample, EDX was used because it is genuinely simple and surely understood technique. In EDX

electrons having high energy are move towards the atoms and knock out the electrons orbiting in
the inner core shells of atoms, the incident electron takes its place. In this way electron loses its
energy which is emitted as x-ray radiations. The energy of the radiated photons depends upon
atornic species.

L3O out,
SeoTo

Figure 3.9: EDX specirum, transfer of electron from high energy shell to low energy shell [7]

The perhaps greatest disadvantage of EDX is that the electronic configuration of elements are
quite similar ,due to this the energy of emitted x rays are quite same .The second major drawback
is that lighter material such as hydrogen is invisible in EDX spectra[7]

An EDX spectrum normally manifests the relation of energy level and peaks and also reveals the
type of X-ray. K-Alpha peaks are formed if electron transition is occurred from L-Shell to K-
Shell. Similarly if the transition of an electron is between M-Shell to K-Shell then its peak is
identified as K-Beta peak [108].
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Chapter No 4

Results and Discussion

4.1 X-Ray Diffraction (XRD)
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Figure 4.1 {a): XRD scan of unprocessed egg shell

32



Chapter4

Resul | Di :

Intensity

Intensity

00 |-
{904)
T |-
600 -
so0 |-
400 |
205 |-
200 |- oy ne)
i {1202

100 (11

[
4@ [ [ i 1 i N 1 " i i 1 i 1

10 20 20 20 50 «w 70 20

Figure 4.1 (b): XRD scan of egg shell in the presence of CTAB
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Figure 4.1 (¢): XRD scan of egg shell in the presence of Urea
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Figure 4.1 (d): XRD scan of egg shell in the presence of SDS
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Figure 4.1 (e): XRD scan of egg shell in the presence of H;So,
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Figure 4.2: XRD scan of egg shell bulk (Un-processed), In the presence of CTAB, H2S04, SDS
and Urea

X-ray diffraction measurements were carried out using X-ray diffractometer to study the crystal

structure, possible phase changes and other impurities presented in the processed and un-

processed egg shell {72). XRD scan of processed and unprocessed eggshell are displayed in
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figure 4.1 (a), (b), (c), (d), (e). The X- ray diffraction pattern lies in the limit of 0 — 80 degrees
with several peaks. There were few unidentified peaks noticed in the scans [27].As seen from all
XRD patterns for figure 4.1 (a) unprocessed sheli (b) In the presence of CTAB (¢c) In the
presence of Urea (d) In the presence of SDS (e) In the presence of Hz2S0, are comprised of peaks
at 20 values of 29.5936,40,43.148.5,56.5 with the corresponding  planes of
104,110,113,202,116,211 (PDS No. 83-1762) which is for caleite calcium carbonate [78).The
sharp and strongest peak in figure 4.1(a, b, ¢, d) showed that egg shell calcium carbonate powder
was very well crystalline. The results clearly showed that the characteristic peaks of calcite
calcium carbonate there is no change in phase or peak angle but the morphology was changed by
the presence of (a) CTAB (b) Urea (c) SDS but did not cause any structural changes to their
chemical composition XRD scans clearly suggest that high level of inorganic calcium carbonate
is present in eggshell and no other impurities were observed in figure 4.1 (a, b, ¢, d) but in figure
4.1 (e) clearly suggest that in which egg shell was processed in the presence of sulphuric acid
showed that there wete some other peaks which showed that another material is formed along
with calcium carbonate but in that the intensity is reduced and peaks broadens which showed that
particle size is reduced and found to be 25 nm. The particle size found in bulk calcium carbonate
is 30nm,in the presence of CTAB it is 30nm, in the presence of SDS itis 28 nm [72].

Figure 4.2 shows the comparative study of calcium carbonate in the presence of different
additives. It can be observed that intensity of the XRD peaks has been decreased for calcium
carbonate in the presence of Urea which indicates the reduction of calcite crystal size {73].The
particle size is found to be less than 20 nm.

The obtained XRD pattern of calcite calcium carbonate was also compared with the standard
calcite XRD pattern and it is concluded that peaks are exactly in accordance with the standard

XRD pattern.

4.2 Fourier Transforms Infrared (FTIR) Spectroscopy:
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Figure 4.3: FTIR spectra of {a) Egg shell buik (Un-processed) (b) In the presence of CTAB(c) In

the presence of H,So4 (d) In the presence of SDS {e) In the presence of Urea

The phase of the eggshell calcium carbonate was further confirmed by FTIR spectroscopy. The

FTIR spectrum was produced by the absorption of radiation in the range of 400-4000cm™'[109].

The FTIR spectra of prepared calcium carbonate nanoparticles by different methods are shown if

Fig 4.2. The FTIR spectrum of the calcium carbonate nanoparticles indicated the presence of

different organic compounds such as alkynes, alkanes and carboxylic acid [110].
The Fig 4.2 (a), (b), (¢), (d), (e) showed that the absorption peak of calcite at 885 cm™ of

carbonate group (CO™3) and exactly in accordance with commercial caleium carbonate [74].

The Fig 4.2 showed the vibrational band at 1450,8385 and 712 indicate the plane bending of

carbonate .The FTIR analysis affirmed the calcium carbonate nanoparticles got from egg shell
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had a characteristic peak of carbonate groups. A sharp peak in FTIR scans displayed in Fig (a),
(b), (d), (e) was calcite [109].
The band at 712 cm™ is due to bending of O-C-O, band at 885 cm’ is due to external plane

bending vibrational of CO”; and anti symmetric stretching vibration of C-O is at 1412 cm™.

External plane | Internal plane | anti symmetric
phase bending of vibration | bending_of vibration stretching  vibration
of 0-C-O of CO?, of C-O
Calcite 885 712 1421

Table 4.1; Wave numbers of functional groups [27]

In Fig 4.2 (b) in which eggshell is processed in the presence of sulphuric acid shoed the deviation
from calcite and had different vibrational bonds. So we conclude that all methods (a), (¢), (d), (¢)
carried out for the preparation calcium carbonate nanoparticles confirmed the presence of calcite

and is well matched with XRD results.

4,3 Scanning Electron Microscopy
4.3.1 SEM of un-processed Egg Shell

The surface morphology of egg shell calcium carbonate nanoparticles was analyzed by scanning
electron microscope (SEM).The nano particles of calcium carbonate was in the powdered form
and is non-conducting powder ,therefore the SEM scans were taken at low vaccum mode to get
sharp images. The images are displayed in fig 4.3 (a,b) which confirmed the presence of calcium
carbonate in egg shell and that the powder was finally grinded.

Figure 4.3(a) depicts the surface morphology of the egg shell calcium carbonate nano partricles.
The SEM micrographs of the egg shell calcium carbonate showed the cube-like crystals. This is
in accordance with the literature cubic like calcium carbonate was also observed in commercial
calcium carbonate. The SEM images shows the surface of particles is smooth and belongs to

calcite form of calcium carbonate[27,42].
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Figure 4.4(a): SEM images of un-processed egg shell

432 SEM of Egg Shell CaCo; in the presence of H,S0,

Fig 4.4 (b) delineates the effect of H,80, as additive on egg shell calcium carbonate nano
particles morphology. The Fig 4.4(b) clearly showed that the particle transform from cubic like
shape to rod like morphology .The literature showed that rod like crystals Are un stable as
compared to the cubic structure. The SEM result reveals that presence of additives has a great

effect on morphology.
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Figure 4.4(b): SEM of Egg Shell CaCO4 in the presence of H:SO4

43.3 SEM of Egg Shell CaCOs in the presence of SDS

The morphology of the calcium carbonate nano particles was examined using Scanning Electron
Microscopy (SEM).The SEM micrographs of the calcite CaCOs is shown in the Fig 4.4(c).The
SEM results revealed that in the presence of SDS the shape of calcium carbonate transforms. The
increasing concentration of SDS caused the particles to agglomerate [111]. The shape of the
particles resembled to the calcite .So the surface morphology of eggshell calcium carbonate in

the presence of SDS is exactly in accordance with XRD results.
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Figure 4.4(c): SEM of Egg Shell CaCO; in the presence of SDS
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4.3.4 SEM of Egg Shell CaCO; in the presence of CTAB

The SEM images in the presence of CTAB is shown in Fig 4.4 (d).The SEM results indicated
that presence of CTAB in the reaction medium causes the calcite crystals to agglomerate. The
results showed that it deformed the calcite to the plate like shape. At 30 °C, agglomerations of
rhombohedral and plate-like crystals are observed. The agglomerations decreased at 30 °C and
crystals possessing various surface and step defects dominated by plate-like and rhombohedral

shapes were observed[112].So presence of CTAB greatly affect the shape of particle.

SEM MAG: 100 kx w533 mm MIRA] TESCAN
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Figure 4.4(d): SEM of Egg Shell CaCoj in the presence of SDS

4.3.5 SEM of Egg Shell CaCOQs in the presence of Urea

Fig 4.4(e) illustrates the SEM photographs for the egg shell calcium carbonate processed in the
presence of urea at magnification of 50,000 kV and 25,000 kV. It is observed that particle shape
is changed from cube to plate like shape. From the images it can be clearly seen that urea has
highly change the shape of bulk egg shell calcium carbonate. It is observed that it does not

change poly of calcium carbonate but morphology has been changed.
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Figure 4.4(c): SEM of Egg Shell CaCO; in the presence of Urea
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4.4 Energy dispersive X-Ray Analysis

4.4.1 EDX of Egg Shell

Full Scale 1271 cis Curser: 0.900 eV

Figure 4.5: EDX spectrum for of un-processed egg shell

Element | Weight% Atomic%

CK 17.06 26.85
OK 47.82 56.51
MgK |[0.24 0.18

CakK 34.89 16.46

Totals | 100.00

Table 4.2: Integrative analysis of un processed egg shell
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Fig 4.5 indicates the EDX graph for unprocessed egg shell. It shows that the presence of Calcium
{Ca),Carbon (C),Oxygen (O) and some traces of magnesium was also present in un processed
egg sell powder and that are acceptable because eggshell composed of 94% of Calcium

carbonate and 6% of other organic and inorganic substances and magnesium is one of them.

4.42 EDX of Egg Shell in the presence of SDS

0 ) 10 15 20
Ful Scale 1271 cts Cursor: 0.000 keV

Figure 4.6: EDX spectrum for of egg shell in the presence of SDS

Element | Weight% Atomic%
CK 17.14 2691
OK 47 .82 56.51

CakK 35.05 16.58

Totals 100.00

Table 4.3: Integrative analysis of egg shell in the presence of SDS
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Figure 4.6 indicates the EDX graph for calcium carbonate nanoparticles. [t clearly reveals that
presence of Calcium (Ca), Carbon (C), Oxygen (O) in as prepared nanoparticles. It showed that

in raw egg shell magnesium was present whereas after process that in the presence of additives

the impurities has been removed.

4.4.3 EDX of Egg Shell in the presence of CTAB

| L LA B | . |’ ™ T T T
] g 10 1% 20
Full Scale 1271 cts Cursor 0.000 keV

Figure 4.7; EDX spectrum for of egg shell in the presence of CTAB

Element | Weight% Atomic%

CK 22.86 34.07
oK 46.55 52.19
CakK 30.59 13.73

Totals 100.00
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Table 4.4: Integrative analysis of egg shell in the presence of CTAB

Figure 4.7 delineate that the formed nanoparticles of calcium carbonate are well matched with
standard calcium carbonate No other peaks is appeared except Calcium (Ca), Carbon (C),

Oxygen (O).
4.4.4 EDX of Egg Shell in the presence of Urea

1} 5 10 15 20
Ful Scaie 1271 cis Cursor; .000 keV

Figure 4.8: EDX spectrum for of egg shell in the presence of Urea

Element | Weight%  Atomic%
CK 15.78 25.03
OK 48.65 58.02
Cak 35.55 16.95
Totals 100.00

Table 4.5: Integrative analysis of egg shell in the presence of Urea
EDX graph for calcium carbonate nanoparticles is shown in figure 4.8 indicate the presence of
Calcium (Ca),Carbon (C),Oxygen (0).The magnesium which was appeared in un processed egg

shell has been removed after its processing in the presence of Urea.
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CONCLUSION

The findings of this work showed that:

e The calcium carbonate nano particles are successfully synthesized by the mean of wet

chemical method.

o The particles size of egg shell calcium carbonate is reduced by the presence of additives.

e XRD results showed that particle size is up to 20nm whereas in bulk it is 30nm. .

e SEM micrographs revealed that cubic like morphology in egg shell calcium carbonate
and the rod like morphology in the presence of H2S04 as additive .The results delineate
that presence of additive effect the morphology.

e FTIR results affirm the presence of Ca and CO™y in calcium carbonate.

o EDX analysis show composition of calcium carbonate and it is composed of Ca, C and O

which confirmed the formed particles to be calcium carbonate particles.
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