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PHASE STUDY OF RAPANA VENOSA SHELLS FROM THE BLACK SEA

Janna Mateeva, Albena Yoleva, Stoyan Djambazov

ABSTRACT

Sea shells contribute to large amounts of waste. Reuse and recycling of such waste can be an excellent alterna-
tive to disposal. Recycling sea shells waste offers many benefits and has potential applications in various fields. 
Some applications are up-to-date, well-established, widely used, large-scale and sustainable. On the other hand, 
there are many more strategies that have not yet been fully explored or commercialized. Growing global research 
shows significant potential for the use of sea shells such as regulators of soil acidity, catalysts for biodiesel produc-
tion, adsorbents to remove toxic metals from wastewater, building materials, calcium supplements, biomaterials, 
antibacterial protection, bone implants, etc. The present study represents a phase investigation of Black Sea Rapana 
venosa shells with a view to their possible application.
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INTRODUCTION

Sea shells are often dumped on beaches, which leads 
to their pollution. Reuse and recycling of such waste can 
be an excellent alternative to disposal. The material of 
the sea shell attracts attention due to its high content of 
calcium carbonate, low price and availability provided 
by the rapidly growing seafood industry. Numerous 
articles on shell valorization have been published in 
recent decades, citing a number of potential applications 
that could alleviate the burden of shellfish on aquaculture 
and food producers, and in some cases provide economic 
as well as environmental benefits [1 - 8]. Alternative 
materials, such as sea shells, are increasingly believed 
to reduce the exploitation of natural limestone reserves, 
one of the most exploited resources on the planet. In 
this sense, the recovery of marine shell waste is a useful 
strategy for both sustainable resource management and 
reduced waste storage. So far, the use of sea shells has 
been limited to a few well-established and sustainable 
applications (soil balms, cheap adsorbents, calcium 
supplements, building materials, etc.) [9 - 16]. Sea 

shells are functional biomaterials and some studies have 
investigated their use as fillers. Also, CaCO3 in rapan 
shells can be converted into a source of CaO which 
exhibits strong antibacterial activity. The antibacterial 
activity of calcined shells is mainly due to the alkaline 
effect caused by the hydration of CaO. The most widely 
discussed biomedical use for them is in bone and tissue 
reconstruction [16 - 21]. The CaCO3 powder coating 
has been shown to have osteogenic properties and to 
act as a substrate on which new osteoblasts can grow 
and release bone [8]. Researchers have suggested that 
the CaCO3 shell may be converted to calcium phosphate 
(hydroxyapatite, Ca10(PO4)6(OH)2), which is a major 
mineral component and component of human bones [22]. 

The purpose of this paper is a phase study of Black 
Sea shells Rapana venosa (Neogastropoda, Muricidae).

EXPERIMENTAL

The Black Sea Rapana venosa used for our study 
are shown in Fig. 1. Rapan shells were ground in 
a ball mill to determine their chemical and mineral 
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composition using the following methods of analysis: 
Chemical analysis (ICP-AES after alkaline melting 
and acid dissolution), X-ray diffraction (DRON 3M 
diffractometer) with Cu Kα radiation (wavelength 
1.7903 Å), 28 mA current and 40 kV voltage), Infrared 
spectroscopy (IR) (apparatus “Perkin-Elmer Spectrum 
1000” in the area 4000 cm-1 - 400 cm-1). For monitoring 
the changes that occur when heating the shells, in 
porcelain crucibles were placed 20 grams of powdered 
shells and heated at different temperatures from 500oC 
to 1000oC for 1 hour at maximum temperature. The 
samples were examined by using XRD.

RESULTS AND DISCUSSION

The chemical composition of rapan shells is given 
in Table 1. The chemical composition of rapan shells 
shows that they are composed of 98 % CaCO3.  Fig. 2 
shows the X-ray diffraction pattern of powdered rapan 
shells. The predominant crystalline phase is calcite. 
The other phase that is detected is aragonite. In Fig. 3 is 

Oxides, mass % Al2O3 CaO MgO Fe2O3 K2O Na2O SiO2 TiO2 LOI
Rapan shell from 
Black Sea

0.28 54.75 0.24 0.13 0.05 0.05 1.20 0.02 42.76
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given IR spectrum of rapan shells. IR analysis proves the 
presence of CaCO3. The infrared absorption of CaCO3 is 
associated with the following bands 2874 cm-1 (C = O), 
1795 cm-1 (C = O), 1474 cm-1 (CO3

2-), 875 cm-1 (CO3
2-), 

and 712 cm-1 (CO3
2-). 

Thermal treatment of rapan shells at different 
temperatures from 500oC to 1000oC shows that 

Table 1. Chemical composition of rapan shells.

Fig. 1. Rapan shells from the Black Sea.

Fig. 2. XRD of powdered rapan shells.



Journal of Chemical Technology and Metallurgy, 58, 1, 2023

40

3584.351

3442.611
3418.587

2981.816
2874.440

2517.258

1794.601

1474.474

1082.406

875.180

712.123

P smes

 3500  3000  2500  2000  1500  1000   500

    70

    60

    50

    40

    30

    20

    10

0

Wavenumber

%
Tr

an
sm

itt
an

ce

10 20 30 40 50 60

0

1000

2000

3000

4000

CaO ~ 85 wt.%

In
ten

sit
y

2θ CuKα

Portlandite ~ 10 wt. %
Calcite < 5 wt.%

decarbonization of calcium carbonate begins after 
800°C. The diffraction patterns of the calcined shells at 
900°C and 1000°C are given in Figs. 4 and 5. It can be 
seen that at 900°C most of the carbonate is decarbonized 
to CaO, and at 1000°C there is almost complete 
decarbonization of calcium carbonate. The diffractograms 
also show small amounts of portlandite Ca(OH)2. 

It was visually established that the rapan shells are 
made up of two different phases. One phase is white in 
color and the other phase is orange. The two phases are 

shown in Fig. 6. The next step of the study was to part 
these phases by crushing and separating. Then the two 
phases were ground separately in a ball mill. The orange 
phase is more difficult to mill due to its higher hardness. 
Their phase composition was determined by using X-ray 
diffraction. Figs. 7 and 8 show the diffractograms of 
the white and the orange phases. They contain calcium 
carbonate, but in different polymorph modifications. 
The white phase is composed of calcite and the orange 
phase of aragonite.

Fig. 3. IR spectroscopy of powdered rapan shells.

Fig. 4. XRD of powdered rapan shells calcined at 900oC, 1 hour.
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Fig. 5. XRD of powdered rapan shells calcined at 1000oC, 1 hour.

Fig. 6. White phase and orange phase in the rapan shell.

Fig. 7. XRD of the white phase in the rapan shell.
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CONCLUSIONS

Rapana venosa shells from Black Sea have been 
shown to contain 98 % CaCO3. They contain two 
separate phases, one outer white phase of calcite (hard 
but brittle material) and the other inner orange phase with 
higher hardness containing aragonite. It was proved that 
the CaCO3 from which the rapan shells are made begins 
to decarbonizes after 800°C and has been completely 
decarbonizes at 1000°C to CaO. One of the possible 
applications of rapan shells from Black Sea can be as 
an alternative source of biogenic calcite and bio calcium 
oxide for use in medicine, pharmacy and food industries.
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