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ABSTRACT 

The calcium carbonate (CaCO3) was extracted from Pomacea Canaliculata Lamarck (Cherry 

shell) by using hydrothermal method. Cherry shell was washed and crushed by DI water and mortar. 

The powder size was analyzed by particle (aperture size 63 μm). HCl and Na2CO3 were mixed with 

CaCO3 powder from Cherry shell, autoclave was used for controlled temperature and pressure, filtering 

and annealing at 373.15 K for 20 h. The crystal structure was characterized by the x-ray diffraction 
patterns analysis. Fourier transform infrared spectroscopy (FTIR) analysis revealed the presence of 

aragonite and calcite. The morphological of Cherry shell and CaCO3 powders were observed by using 

the scanning electron microscope (SEM) and energy dispersive spectroscopy (EDS). It found that the 

CaCO3 showed the single phase of CaCO3 crystal structure, and crystallite size about 0.4 μm. The 

methods adopted used in the synthesis of calcium carbonate are small crystals nearby the nanoscale  
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INTRODUCTION 
 

Calcium carbonate (CaCO3) is a common 

substance which was found in rocks in all parts of 

the world, and it the main component of shells of 

marine organisms, snails, coal balls, pearls, and 
eggshells. The vast majority of CaCO3 used in 

industry is extracted by mining or quarrying. The 

two crystalline forms are calcite and aragonite 

[1,2]. In the part, synthesis of CaCO3 was followed 

by two basic synthetic routes: (1) the solution 

route, through a double decomposition reaction, 

where in aqueous CaCl2 and Na2CO3, or CaCl2 and 

(NH4)2CO3, or Ca(NO3)2 and Na2CO3 are 

combined in an equal molar ratio; and (2) the 

carbonation method, in which CO2 gas is bubbled 

through an aqueous slurry of Ca(OH)2 [3,4]. 

In this paper, we are focused on the repeated 
extraction from CaCO3 by hydrothermal method. 

The extracted powder CaCO3 was analyzed for 

crystal structure, and crystallite size. The phase 

transformation of CaCO3 was analyzed by Fourier 

transform infrared spectroscopy (FTIR). The 

morphology of Cherry shell and CaCO3 powders 

were observed by using scanning electron 

microscope (SEM). 

 

MATERIALS AND METHODS 

 

The CaCO3 was extracted from Cherry shell 

by using the hydrothermal method. Cherry shell 

was washed with DI water, and crushed to 

powder. The powder was reduced to smaller size 

with sieve (aperture size 63 μm). The Cherry 

shells powder was drying in an oven at 378.15 K 

for 2 h. The powder for 10 g was digested in   

100 ml hydrochloric acid concentration 2 M        

which was CaCl2 solution, filtered CaCl2, and 
100 ml sodium carbonate was mixed, obtained 

CaCO3 solution, and then took into an autoclave 
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under controlled temperature and pressure. The 

crystalline CaCO3 was rinsed with distilled water 

until nonionic residue by measuring the pH value 

of about 7, and then dried at 378.15 K for 12 h in 

an oven, we get the CaCO3 powder. Eventually, 

the powder was extracted by once upper 
processes 

 

The overall reactions for the CaCO3 extracted 

step can be summarized from Eq. 

 
CaCO3(s) + 2HCl(aq) CaCl2(aq) + CO2(g) + H2O(l) 

CaCl2(aq) + Na2CO3(aq)  CaCO3(s) + 2NaCl(aq) 

   

The crystalline phase of the synthesized 
CaCO3 was characterized by X-ray diffraction 

with CuKα,  = 0.15 nm (XRD-6100 Shimadzu, 
Japan). After thoroughly cleaning the sample 

holder, the CaCO3 powder obtained from Cherry 

shells was spread on the sample holder. The 

sample was then placed inside the XRD machine 

and the sample was investigated to understand the 

phase(s) and size of the CaCO3 micro powder.  

The average crystallite size of the CaCO3 was 

calculated using Scherrer’s equation [5]. 

 

0.9

cos
D



 
  

 

 D  = shape factor,    = X-ray wavelength,    = 

FWHM of diffraction peak,    = Bragg angle. 

The samples were measured by using FTIR 

spectroscopy analysis (FTIR-8900 Shimadzu, 

Japan) by the potassium bromide (KBr) pellet 

method. The sample pellets were prepared as 

follows: KBr and CaCO3 were drying in an oven 

at 378.15 K and were stored in a desiccator. The 
CaCO3 powder was mixed with KBr at the ratio 

of 1:100. The mortar and pestle was thoroughly 

cleaned with acetone, the mixture of CaCO3 

powder and KBr was crushed. The CaCO3 

powder and KBr mixture was then put into the 

disc which was placed on a holder placed inside 

the FTIR machine to investigate the unknown 

materials present in the sample.  

The sample of CaCO3 powder was affixed 

to a metallic stub which is placed on the sample 

holder. The sample holder was then fixed on a 

rotatable disc inside the machine and the CaCO3 
powders were ready for SEM. The surface 

morphological of the powder sample was 

observed on SEM (SEM JSM6301F JEOL, 

Germany) operated under low vacuum to get the 

sharp image of the sample. All sample were Au-

coated prior to examination by SEM 

 

RESULTS AND DISCUSSION 

 

X-ray diffraction is a sensitive instrument 

used for the identification of crystalline phases of 

inorganic compounds. The data obtained from the 

X-ray diffraction patterns in Figures 1(a) and 1(b) 

demonstrates the crystalline nature and phase 

composition of both samples under analysis, The 

intensity of X-ray, 2 and (h, k, l) indices of 
CaCO3 powder show rhombohedral structure  and 

agree with ICUD PDF number 00-047-1743. The 

crystallite size of CaCO3 from extraction and 

CaCO3 from repeating extraction were calculated 

by the Scherrer’s equation yield of 0.54 μm and 
0.4 μm, respectively for crystallite size. 
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 (b) CaCO3 by repeated extraction

 

 (a) CaCO3 by extraction 

Fig. 1. X-ray diffraction patterns of Calcium 

carbonate powder for (a) CaCO3 by extraction, 

(b) CaCO3 by repeated extraction 

 

FTIR spectra of the CaCO3 are presented in 

Figures 2(a) and 2(b). FTIR spectroscopy is an 

important instrument used to identity different 

phases of organic and inorganic compounds and, 

specifically, CaCO3 phases due to the differences 

in their carbonate ions ( 2

3CO
). The spectral data 

obtained for the samples reveal a broad 

absorption peak of at ∼1788.07 cm−1, ∼1082.10 

cm
−1

, ∼875.71 cm
−1

, ∼862.21 cm
−1

, ∼713 cm
−1

, 

and ∼700 cm−1, which have been reported to be 

the common characteristic features of the 2

3CO
 in 

CaCO3 and are the fundamental modes of 
vibration for this molecule [1,2,6]. The 

characteristic peak of calcite is ∼1788.07 cm−1, 

∼875.71 cm−1, and ∼713 cm−1 and those of 

aragonite are ∼1082.10 cm−1, ∼862.21 cm−1 and 

∼700 cm−1 [7].  
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 (a) Cherry shell powder 

 

 

 (b) CaCO3 by extraction from Cherry shell

Fig. 2. FTIR spectra of (a) Cherry shell powder 

(b) Calcium carbonate has been extracted from 

Cherry shell 
 

The morphological characteristics of the 

calcium carbonate micro-crystals presented in 

Figures 3(a) and 3(b). The images are shown 

calcium carbonate possess different crystal 
patterns and crystal structure. It can be seen that 

the product displays a calcium carbonate is 

hexagonal or Cube-like crystals. SEM images 

confirmed that the extracted calcium carbonate 

powder from Cherry shells have particle sizes  

0.5 - 2 μm. The morphological analyzed by SEM 

of particle size was decreased with repeated 

extractions. 

 

 
 

Fig. 3. SEM photograph of calcium carbonate 

from extraction (a) CaCO3 by extracted, (b) 

CaCO3 by repeated extracted 
 

 

 
 

Fig. 4. EDS spectra and atomic (%) of the 

elemental contents of the CaCO3 by extraction (a) 
CaCO3 by extracted, (b) CaCO3 by repeated 

extracted 

 

The EDS analysis, an integrated feature of a 

SEM, has been conducted in order to evaluate the 

composition of CaCO3. Figure. 4 depicts the EDS 

analyses which compare the elemental 

composition of CaCO3 by extraction, CaCO3 by 

repeated extraction. All the elements presented 

the CaCO3 from extraction, Ca, Au, C, and O, can 

be recognized on the synthesized, the percentage 

of calcium has been increased significantly in the 
due to repeated extraction.  

 

CONCLUSION 

 

Calcium carbonate powder was extracted 

from shells by hydrothermal method. X-ray 
diffraction patterns of calcium carbonate showed 

a single phase and rhombohedral structure.      

The morphological analyses by SEM were 

confirmed have approximately with average size 

of 0.5 - 2 μm. Further experiments showed that 

by changing the repeated extraction repetition, 

different micro-crystals structure with different. 

The crystallite size by calculating from Scherrer’s 

equation, equates 0.54 μm and 0.4 μm, 

respectively. 

The methods adopted used in the synthesis 

of calcium carbonate are small crystals nearby the 
nanoscale. We applied this calcium carbonate 

with precursor powder such as cobalt oxide or 

manganese oxide to synthesis thermoelectric 

materials. 
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