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ABSTRACT 
Background: Mollusks are the highly resourceful marine species which not only provide food but also valuable biowastes, namely 
their shell to human existence and their material characterization in nano scale is essential Objective: The shells which are the 
products of the process of cellular biomineralization are rich resources of calcium carbonate and other minerals. The present study 
focussed on the identification of the shells of ecologically and commercially important mollusks namely, Anadara granosa, and 
Crassostreao virginica available in the coast of South India and assessed the quality of their major component, Calcium carbonate 
in terms of chemical composition, phase purity, crystallite size,  thermal stability and surface morphology. Results: The results of 
the analytical study using Fourier Transformed Infra red spectra, Powder X-ray Diffraction patterns, Thermo gravimetric curves, 
Scanning Microscopic images, provided valuable information about the nature of calcium carbonate (in particular) present in the 
seashells. The presence of nano scale crystalline calcium carbonate (less than 100nm) with  high thermal stability, near spherical 
morphology along with elemental composition of P,S,Sr,Al at the micro level were identified by the study. Conclusion: The study 
ultimately provided cues on the wide availability of the valuable mollusks in South of India, constitution of their shells and hence 
tapping the mineral sea waste (Calcium carbonate) for further applications in  lime and ceramic industry, bio medical fabrications, 
catalysis. 
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INTRODUCTION 

 

In today’s context of challenging biodiversity, research on the ecological effects of marine species, their waste 

is significant as it provides a strong foundation for a sustainable ecology and economy for mankind. Marine 

mollusks found along the coasts are indispensable resources to human existence as they play many roles as 

provider of food, minerals, pearls, and medicines [1]. Their biowaste, namely shells exist for millions of years and 

offer cues for the early climatology, geological age, archaeology and sociology of human habitation [2].Such 

shells are  also used as a catalyst in the production of biodiesel and found to be the main source of raw material 

for production of calcium oxide [3].Shells are the products of biomineralization and according to Mount et al.,[4], 
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the shell formation by the mollusks is due to the matrix mediated crystal (calcium carbonate) formation system 

by the cells. 

Calcium carbonate is a promising mineral with potential application as a anticancer drug carrier, catalyst, 

filler in the separation techniques, coating agent, pharmaceutical and fertilizer The structural features like 

crystallinity, size, (nano scale range), phase homogeneity are important in deciding their applications. Many 

synthetic routes have been reported with different structural parameters [5]. The present study is undertaken as a 

search for a purely natural source (especially a bio-waste) of the calcite mineral CaCO3.A simple method of 

tapping the mineral and recycling it into a modern nano material is crucial in conserving the economy and 

environment. 

The present study focuses on quality assessment of the Calcium carbonate (CaCO3) of the shells of two 

important mollusks, Anadara granosa (ark clam shell), and Crassostreao virginica shell (eastern oyster shell) 

identified in the coastal area of south India. The steps involved in the cleaning of the shells, drying, and 

programmed grinding was aimed in bringing down the size of the mineral to the nano scale. The analytical 

techniques were used in the determination of crystallinity, size, thermal stability and surface morphology with 

elemental composition of the biomineral. The results of the study are very essential for the fabrication of the bio 

mineral into sophisticated materials. 

 

ANADARA GRANOSA Seashell: 

These shells are abundant in the Indo Pacific region and not widely available in India. For the present study, 

the shells were collected from the Coast of India in Thanjavur district in Tamil Nadu State, India, bound by a part 

of the Bay of Bengal and Palk Strait. These shells are found to be composed of pure calcium carbonate, usually 

both in the form of calcite and aragonite. According to [6], among the three polymorphs, the vaterite form is less 

stable and has the ability to transform into one of the other two polymorphs. The allotropic form of Aragonite has 

got huge applications in research consideration because of its biocompatible properties. Aragonite has got some 

mechanical properties like higher density and hardness which make it very suitable material in plastic, paper, 

glass, fiber and other industry. Manjusha et al., 2014 [7] reported that Anadara granosa seashells are naturally 

purified source of aragonite polymorphs of calcium carbonate. 

 

CRASSOSTERO VIRGINICA Seashell: 

Also called as the Eastern Oyster, it is a very important species in terms of providing a balance of ecology 

and environment. According to the reports of [8], the species are more located naturally along the Atlantic coast 

of the United States to the Gulf of Mexico, West Indies and coast of Brazil. These species are not frequently found 

in India but particularly available in the seashores of Gulf of Mannar namely, Rameshwaram which were taken 

up for the present study. 

 

MATERIALS AND METHODS 

 

2.1. Materials Required: 

Calcium oxy chloride (SDH), Hydrochloric acid, Mortar and pestle, Nickel spatula, the ark clam shell and 

eastern oyster shells collected from the respective seashores as mentioned above. 

The raw seashells collected from the sea were put inside bleaching powder solution (30mg/lit) for up to ten 

days which removed the smell and the meat part of the shell. After ten days, the seashells were further cleaned by 

using dilute hydrochloric acid. After completing the above process, the seashells were washed with distilled water 

and dried in sunlight, then ground using mortar and pestle to obtain the powder form of the shell. The obtained 

shell powder was characterized by various analytical techniques to study the chemical composition, physico-

chemical properties and surface morphology. 

 

2.2. Analysis of the Seashells by Instrumental Methods: 

The presence of functional groups was identified from FT-IR spectra using FT-IR (SHIMADZU) spectrometer. 

The spectra were collected in the frequency range of 400-4000cm-1 and recorded against the the background of 

KBr. The thermal stability of samples was evaluated from the thermo gravimetric analysis data using thermo 

gravimetric analyzers (Netzsch Sta449f3 Jupiter) The analysis was carried out by heating the sample around 200 

C /min in the temperature range from room temperature to 10000C in nitrogen atmosphere.  

The nature of crystallinity, crystal size, of the seashell samples were determined from the Powder X-ray 

Diffraction patterns (PXRD).  They were recorded using CuKα radiation with the diffraction angle between 20° and 

80°. PXRD analysis was performed using a PANalytical model Xpert pro instrument. The average crystallite size 

‘D’ of the sample was calculated using the Scherrer equation,  

D=K𝝀/βcosӨ 

D- Crystallite size of the sample, K-Scherer constant (0.9), β-full width half maximum, ϴ- diffraction angle. 
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The surface morphology and composition of the seashell samples were studied from the Scanning 

Microscopic (SEM) images. It was carried out using F E IQUANTA FEG 200.The relative percentage of elements at 

the surface of the images was determined from the Energy dispersive X-Ray analysis data (EDAX). 

 

RESULTS AND DISCUSSIONS 

 

3.1. Fourier Transformed Infrared Spectroscopy: 

3.1.1. FT-IR Spectrum of Anadara granosa Shell powder 

 

 

 
Fig. 1: FT-IR Spectrum of Anadara granosa Shell 

 

In the FT-IR spectrum of Anadara granosa seashell powder as shown in the figure 1, a peak observed at 

1080cm-1 was due to symmetric stretching C-O (ν1) of calcium carbonate which correlated with the report [9].The 

sharp peak observed at 861 cm-1 (ν2) was due to in plane of bending mode in C-O bond which confirmed the 

presence of calcium carbonate in the shell. A peak was observed at 705cm-1 (ν4) due to doubly degenerate planar 

bending out of the plane correlated well with the report of [7].The peak was observed at 1471cm-1(ν3) which is 

due to doubly degenerate asymmetric stretching which is prominent peak of C-O in calcium carbonate [10], [11]. 

The absence of prominent peaks due to any other impurity indicated the dominance of calcium carbonate in the 

shell. 

 

3.1.2. FT-IR Spectrum of Crassostreao virginica Shell Powder: 

 
Fig. 2: FT-IR Spectrum of Crassostreao virginica shell 

 

In the FT-IR spectrum of Crassostreao virginica shell powder as shown in the figure 2, a peak was observed 

at 1426cm-1(ν3) due to doubly degenerate asymmetric stretching of C-O in calcium carbonate. The sharp peak 

observed at 875cm-1 (ν2) was due to out of plane of bending in C-O bond confirmed the presence of calcium 

carbonate in the shell. A peak was observed at 708cm-1 (ν4) due to doubly degenerate planar bending mode which 

correlated well with the report [12]. A peak was observed at 1029cm-1 due to symmetric stretching C-O (ν1) of 
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calcium carbonate as reported by [9],[11] and established the presence of highest percentage of calcium carbonate 

in the sample. 

 

3.2. Thermo Gravimetric Analysis/ Differential Scanning Calorimetry: 

TGA/DSC analysis of Anadara granosa shell and Crassostreao virginica shell as shown in the figure 3 .It 

showed weight loss at temperature between 1000C to 2000C which may be due to the physisorption of water from 

both the seashells, and the broadness of the peak well correlated with FT-IR spectrum. 

 

 

 
 

Fig. 3: TGA/DSC Curve of Andara granosa Shell and Crassostreao virginica Seashell 

 

The weight loss around 775.80C from Anadara granosa shell indicated the decomposition of CaCO3      CaO+ 

CO2 These results agreed with the report of [14].The weight loss around709.80Cfrom Crassostreao virginica shell 

indicated the decomposition CaCO3          CaO + CO2 which is well correlated with [15]. It also confirmed the 

presence of the purest form of calcium carbonate in the seashell under study. The decrease in the decomposition 

temperature is also suggestive of the crystallite size in the nano scale range. The weight loss in temperature range 

from 5200C to 6600C, may be due to the decomposition of other metal oxide if any and some combustion of 

hydrocarbon observed from both the seashells [13]. 

 

3.3. Powder X-Ray Diffraction Studies: 

The average crystallite size and crystal phase of calcium carbonate obtained from seashells were determined 

using X -ray diffraction analysis. The results are important as it determined the phase purity and phase 

homogeneity of the major constituent of the sea shell powder for further applications. 

 

3.3.1. Powder X Ray Diffraction Study of Anadara granosa Shell: 

 
Fig. 4: PXRD Spectrum of Anadara granosa Shell 

 

 

The PXRD of calcium carbonate obtained from Anadara granosa shell is given in the figure 4. The presence 

of calcium carbonate was identified in the calcite form of calcium carbonate belong to trigonal phase (JCPDS: 86-

2334). The presence of less intense unknown peak could not be specified which may be due to other elemental 

components present as carbonate in the sample. The average crystallite size for the calcium carbonate from 

Anadara granosa was found to be 68.42nm. This clearly indicated that natural biowaste is in the nano scale and 

hence can be a very effective precursor for the synthesis of other calcium based materials. This correlated with 
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the report of [16], where in rhombohedral (trigonal) structure was exhibited by the calcium carbonate obtained 

from the sample. 

3.3.2. Powder X-Ray diffraction study of Crassostreao virginica Seashell: 

 

 
 

Fig. 5: PXRD Spectrum of Crassostreao virginica shell 

 

The PXRD of calcium carbonate obtained from crassostreao virginica shell is given in the figure 5. In the 

shell, the presence of calcium carbonate in two crystallographic aragonite and calcite phase was identified, which 

is found to be sharp. The results are confirmed with JCPDS values for aragonite form of calcium carbonate (card 

no: 75-9987) and calcite form of calcium carbonate (card no: 78-3262) [16]. The presence of less intense unknown 

peak could be due to the other elemental components present as carbonates in the sample. The calcium carbonate 

was found to be trigonal phase from this shell. The average crystallite size of calcium carbonate moiety as 

determined using Scherer’s relation was found to be 46.12nm indicating the nano scale nature of calcium 

carbonate present in the shell. Also, the lower decarbonation temperature of 709 ̊ C as observed in the TGA results 

supported the nano scale range of crystallite size. 

 

3.4. Field Emission Scanning Electron Microscopy (FE-SEM): 

SEM images of Anadara granosa shell and Crassostreao virginica shell powder are shown in the figure 6 

and figure 7 respectively. 

The SEM image of Anadara granosa shell powder, was indicative of the presence of near spherical(rod) 

crystallites due to the presence of calcium carbonate as  observed by[6].The other spherical crystallites observed 

in the images may be due to the oxides of other impurity metals present in the seashell powder. 

 

 
Fig. 6: SEM Image of Anadara granosa shell 

 

The surface morphology of oyster shell powder was shown in the figure 7 which shows that the near spherical 

shape which indicates that the presence of calcium carbonate in this shell. The crystalline layers also suggested 

the programmed building of very good quality of calcium carbonate by the mollusks. The spherical shape in the 

SEM image indicates the applicability of Scherer equation in the determination of the average crystallite size of 

calcium carbonate obtained using PXRD.  
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Fig. 7: SEM Image of Crassosteao virginica shell 

 

3.5. Energy Dispersive X-Ray Analysis (EDAX): 

The results of EDAX analysis done for both Anadara granosa and Crassostreao virginica seashells are 

tabulated in the Table (1). 

 
Table 1: Elements Present In the Anadara granosa seashell And Crassostreao virginica Seashell: 

ELEMENT WEIGHT PERCENTAGE in  

Anadara granosa 

  WEIGHT PERCENTAGE in  

Crassostreao virginica 

Ca 34.90 43.39 

O 30.66 39.70 

C 28.96 11.11 

Al 3.14 0.05 

Sr 0.97 4.19 

Mg 0.63 0.30 

Mn 0.35 0.42 

Zn 0.13 0.57 

Si 0.10 0.01 

P 0.09 - 

S 0.06 0.15 

Na 0.02 0.03 

 

The EDAX results gave the elemental percentage of elements associated with the SEM images. The calcium 

content found in both the seashells was high when compared to other metals present in these shells which 

accounted for the carbonate form of calcium in these seashells. The weight percentage of aluminum is 

comparatively high apart from calcium in Anadara granosa seashell. There is also some small percentage of 

phosphorous present in shell which correlated with the report of [17]. The presence of Strontium is comparatively 

higher in Crassostreao virginica shell. This is well correlated with the reports of [18]. The results also suggest 

that the shells are relatively rich source of valuable element of Strontium.  

The analytical results of PXRD and EDAX studies have clearly identified nano crystallites of homogenous 

phase of calcium carbonate which are essential for its application in the field of catalysis and energy sources [19], 

[20]. 

 

                                                                           CONCLUSION 

The study provided the identification of the two ecologically important mollusks in the southern part of India, 

and the assessment of the quality of their waste (shell) in terms of the major commercially important chemical, 

Calcium carbonate. The presence of nano crystalline phase of calcium carbonate in the homogenous phase of 

aragonite as the major constituent in both the shells indicated the programmed bio mineralization process taking 

place in the marine life. The presence of other precious elements like P, S, Mg, Mn, Zn, Sr, Al and high thermal 

stability, add more value to its application as a raw material for the synthesis of lime stone, ceramics, biodiesel, 

and delicate bio medical materials like Hydroxyapatites. Further research can be carried out with modification of 

the mineral into precursors for nano scale synthesis. Finally the study indicated the crucial importance of 

protecting the marine species in the ecological and economical perspective of mankind.  
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