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Abstract– In recent decades, the growth of the aquaculture 

industry has produced an increase in the production of seashells 

whose residual shells currently generate an environmental problem. 

The objective of this research was to review the fundamentals of the 

thermal decomposition of seashell powder. The first part defines 

what they are, how they were formed, and identifies which are the 

most produced. Then, thermal decomposition, microstructure, and 

the effect of particle size on phase transformations were analyzed. 

Finally, the main applications of both calcined powder and  no n-  

calcined powder were reviewed. 
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I. INTRODUCTION 

In recent decades, the production of seashell waste has 
increased substantially, but the seashell waste is dumped into 
landfills, disposed of in the soil, or transferred to the ocean, 
causing great environmental pollution. Seashells are not 

biodegradable, their residues take a long time to degrade due to  
their properties, resulting in an increase in discharge areas and 

mussels, and 13% scallops and pectin [5]. Actually, oysters and 
scallops become the most cultivated shellfish in the world [6]. 
For every 1 kg of oysters or scallops consumed, about 370-700 
g of waste shells are produced [7], [8]. For this reason, the  

researchers' efforts are focused on transforming this shell waste 
into a useful material for the development of products that are  

in accordance with a cleaner environment. 

 
II. SEASHELL IN ORIGINAL CONDITION 

A.  Composition 
All the shells are composed mainly of calcium carbonate  

(CaCO3) in 95% to 98% by weight and other oxides in small 
proportions (potassium,  silicon,  iron,  etc.) [5], [8]. Table  I 

shows the chemical composition after being calcined of the two 
most-produced seashells in the world: Oyster shell [9]–[15] and  
Scallop shell  [16]. 

 
TABLE I 

CHEMICAL COMPOSITION OF SEASHELLS (% WEIGHT) [3] 

causing soil and water pollution [1]. Over time, seashells suffer    

microbial   decomposition,   producing   compounds   such   as 
hydrogen sulfide, ammonia, and amines, and generating 

unpleasant odors [2], [3]. Figure 1 shows a quarry where shell 
waste has been dumped after removing the edible part, 
generating air and soil pollution due to intensive odor emissions 

during microbial decomposition. 
 

 
 
 

 
 
 

Oyster shells have the most calcium carbonate (up to 98%) 
[5]. The basic composition of mollusks shells is similar 

regardless of the species and they have a percentage of calcium 
carbonate greater than 95% [5], [8]. 

 

 

 
 

 

Fig. 1 Seashells dumped in a quarry in Huarmey (Peru). 

 

The aquaculture industry produces some 6 million to  8 
million tons of waste annually worldwide [2], [4]. ´The 
production of these large amounts of seashells represents an  

important economic activity for many countries. By species, 
bivalve mollusks production via aquaculture in 2015 consisted 

of  38%  clams,  cockles,  and  ark  shells,  35%  oysters,  14% 

Calcium carbonate (CaCO3) has three natural anhydrous 

crystalline phases: calcite, which is thermodynamically stable  
under ambient conditions; aragonite, a high-pressure and low- 
temperature polymorph less stable than calcite; and vaterite, the  
least stable among the polymorphs [17]. 

 

B.  Biomineralization 
The biomineralization of mollusks is a phenomenon by 

which these organisms produce inorganic compounds in a 
controlled manner. Seashells are mainly composed of calcium 
carbonate that crystallizes by biochemical processes with 

alternate deposition of aragonite, calcite, or mother-of-pearl 
crystals embedded in an organic matrix made up of proteins, 

OXIDE 

CONTENT 
OYSTER SHELL SCALLOP SHELL 

CaO 48.0 – 77.81 53.70 

SiO2 0.64 – 13.28 0.10 

Al2O3 0.05 – 0.64 0.10 

MgO 0.01 – 0.94 0.18 

Fe2O3 0.03 – 0.20 0.03 
Na2O 0.23 – 0.93 0.50 

K2O 0.01 – 0.51 0.01 

SO3 0.60 – 1.09 0.32 

P2O5 0.01 – 0.18 - 

TiO2 0.02 – 0.11 - 

SO4
2- 0.43 0.01 

Cl-
 0.01 – 2.92 0.01 

LOI 42.83 - 51 44.40 
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(a) 

chitin,  and  polysaccharides,  which  do  not  exceed  1%  by 
volume[18]. 

Although the matrix is quantitatively a minor constituent  
in the shell of mollusks (less than 5% w/w), it is, however, the  

major component that controls different aspects of the shell 
formation processes: synthesis of transient amorphous minerals 

and evolution to crystalline phases, choice of the calcium 
carbonate polymorph (calcite vs aragonite) and organization o f 
crystallites in complex shell textures (microstructures) [19]. 

 
C. Microstructure 

 

Bivalve shells can be divided into three layers: the 
outermost layer known as periostracum, a middle layer called  

the prismatic layer, and the inner layer designated as the nacre 
layer. The periostracum is secreted in the groove between the  
outer and middle layers of the mantle [5]. Figure 2 shows 

microphotographs obtained in a scanning electron microscope 
(SEM) of the structure of the external and internal part o f a  
mussel shell, in which we can observe its prismatic shape (a), 

and of the structure of the internal part of a scallop shell, in  
which it is observed that it is laminar in shape (b). 

 

 
 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

(b) 

Fig. 2 SEM micrographs of (a) Mussel shell structure [5]. (b) Scallop 
shell structure. 

 

The scanning electron microscope used was TESCAN 
Vega 3 XMU. 

Shell matrix proteins (SMPs) are synthesized in the 
epitaxial cells of different regions of the mantle of mollusks. 

SMPs that are synthesized in the outer part of the mantle have 
been associated with the formation of calcite, while the dorsal 

region is related to the formation of aragonite [20]. 
In most mollusks, the outer layer or periostracum is 

composed of organic compounds and is not calcified [21]. The 

inner layers are made up of polymorphs of aragonite and/or 
calcite [18]. In this way, different complex microstructures are  

formed that contribute to improving resistance by providing  
functions such as structural support and/or protection for the  
organism. 

 
The biomineralization process comprises four stages: 1) 

Assembly of the matrix (SMPs) 2) Formation phase of 

amorphous calcium carbonate (ACC) 3) Nucleation of 
individual aragonite plates and 4) Growth of the plates to fo rm 

a mature tissue (shell). Calcium carbonate polymorphs grow 
vertically until they meet a  chitin plate. Subsequently, the 
crystal begins to grow laterally. During this process, acidic  

matrix proteins are incorporated between each generated 
plaque. [18], [22] 

 

III. THERMAL DECOMPOSITION OF SEASHELL 
POWDER 

A.  Decomposition of calcium carbonate 
 

Equation 1 represents the thermal decomposition process 
of the seashell, which is denoted by the decomposit ion o f 

CaCO3 and is known as calcination. 
 

CaCO3 (s) CaO (s) +CO2 (g) (1) 
 

Lime is an inorganic material with predominant calcium 

oxide or calcium hydroxide compounds. Limestone, composed 
predominantly of calcite, is the most common carbonated rock 
from which calcitic lime is obtained [17]. 

 

Thermal analyses were performed to determine phase 
changes using a simultaneous thermal analyzer - Seteram 

Instrumentation - Setsys Evolution. 
 

Thermal gravimetric analysis (TGA) of scallop shell 
powder (Fig. 3a) shows that weight losses can be divided into 
two general steps. In the first stage, thermal stability is observed 
up to 650 °C. After this temperature in the second stage between  

650°C and 940°C, the loss of mass (42%) is evidenced as the  
temperature increases. As expected for calcium carbonate- 
based materials, the main weight loss that occurred in the las t 

stage is due to the release of CO2. 
 

Differential thermal analysis (DTA) of the scallop shell 

powder (Fig. 3b) shows small endothermic peaks at 125 °C and  
270 °C that can be first attributed to the release of residual 
absorbed moisture and the second to the release of residual 

absorbed moisture. of the organic matter present in the scallop 
shells. In addition, a large endothermic peak can be observed at 
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a temperature of 922 °C, which indicates a possible change in  
phase and characteristics of the study sample. Both thermal 

analyzes were done with a particle size of 325 mesh. 
 

 

 
(a) 

 
(b) 

Fig. 3 Thermal analysis of scallop shell powder (a) Gravimetric thermal 
analysis (TGA). (b) Differential thermal analysis (DTA). 

 
B.  X-ray diffraction analysis (XRD) 

 
X-ray analyses were performed for the identification of the 

mineralogical phases in the scallop shells at room temperature  

and after being heated to 1000°C. For this purpose, an X-Ray 
Diffractometer – MiniFlex, Rigaku – was used. 

 

Figure 4 shows the X-ray diffraction of the scallop shell 
powder at room temperature, in which 100% calcium carbonate 
(calcite, CaCO3) is displayed. 

 

Figure 5 shows the X-ray diffraction of the scallop shell 
powder heated to 1000ºC, in which an almost total of 100% of 

calcium hydroxide (Ca(OH)2) is displayed, with the exception 
of a slight small amount of less than 1% of calcium carbonate 
(CC); this shows a high reactivity of the fan shell powder, 
calcined at high temperature. 

 

 
Fig. 4 X-ray diffraction analysis of scallop shell powder at room 

temperature  CC: Calcite (CaCO3) 

 

 
Fig. 5 X-ray diffraction analysis of scallop shell powder heated to 

1000°C.  COH: Calcium hydroxide   CC: Calcite 

 

C. Energy dispersive spectroscopy (EDS) 
 

Energy dispersive spectroscopy analyses were performed 
to verify changes in chemical composition in scallop shells at  
room temperature and after heating to 1000°C. The detector fo r 

Energy Dispersive Spectroscopy (EDS) used was of the Oxford  
brand. 

 
Figure 6 shows the energy dispersive spectroscopy 

analyses of the scallop shell powder at room temperature, in  

which it is verified with elemental analysis that its chemical 
composition corresponds to calcium carbonate. 

 

Figure 7 shows the energy dispersive spectroscopy of the 
scallop shell powder heated to 1000ºC, in which it is verified  
with elemental analysis that its chemical composition 

corresponds to calcium oxide. 
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Fig. 6 Energy dispersive spectroscopy analyses of the scallop shell 

powder at room temperature. 

 

 

 
Fig. 7 Energy dispersive spectroscopy analyses of the scallop shell 

powder heated to 1000° C. 

 

With the analyses carried out, the thermal decomposition 
of calcium carbonate in scallop shells is demonstrated. 

 

D.  Microstructure 
 

A Tescan Vega 3 XMU scanning electron microscope was 
used to observe the morphology of scallop shell powder heated 
to 1000 °C. 

 
Figure 8 shows SEM micrographs of  the scallop shell 

powder heated to 1000ºC, in which you can see a particulate  

powder whose approximate particle size is 2 μm. 

 

 
Fig. 8 SEM micrographs of scallop shell powder heated to 1000 °C. 

 

E.  Effect of particle size 
 

Thermal analyses were performed to determine the effect  
of particle size on phase transformations using a simultaneous 
thermal analyzer - Setaram Instrumentation - Setsys Evolution. 

 

 
(a) 

 
(b) 

Fig. 3 Thermal analysis of scallop shell powder at different particle sizes 
(a)  Gravimetric thermal analysis (TGA). (b) Differential thermal analysis 

(DTA). 
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Thermal gravimetric (TGA) and differential thermal 
(DTA) analyses of scallop shell powder are presented in Figures 

9(a) and 9(b) respectively. These curves show that the particle  
size does influence the phase transformation process. With a  

smaller particle size, a higher decomposition rate is observed in  
a shorter time and at a lower temperature, compared to larger 
particle size. 

 
IV. APPLICATIONS 

For non-calcined powder, the construction industry is the 
major user of waste shells, particularly for concrete aggregate  

as either fine or coarse aggregate [3], [6]. It has also been used 
as cement clinkers [8], [23], as a soil stabilizer [7], as raw 

material for lime, and as an additive to ceramics [6]. 
 

The calcined powder has been used to remove heavy 

metals [24]–[32], for catalysis[33]–[38], as a bactericide [24]–  
[32], [39]–[49], as a coagulant [50], as an odor remover [51] 
and as a hygroscopic coating [52]. 

 
V. CONCLUSION 

Scallop shells containing calcium carbonate as calcite 
thermally decompose at the temperature of 1000°C and convert  

to calcium oxide as a particulate powder with a size o f 2 
micrometers. SEM photographs reveal that scallop shells have  
a brick-like microstructure held together by organic material 

(SMPs), and this hierarchical microstructure explains the 
superior strength and toughness of inorganic calcium carbonate. 
The powder of calcined scallop shells is very active, as 
confirmed by XRD, the calcium oxide quickly transforms to  

calcium hydroxide in a humid environment. 
Through thermogravimetric and differential thermal 

analysis, scallop shells begin to decompose at 650 °C and the  
temperature of calcination is 922 °C. The findings confirmed  
that particle size influenced the process. A sample with a 

smaller particle size demonstrates a higher decomposition rate  
in a shorter time and at a lower temperature compared to larger 
particle size. 
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