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1. Introduction

Bivalve shells are underutilized biological waste, available in large quantities with an estimated
mass of 1,147,000 tons [1]. They are inexpensive and non-toxic [2]. They are a solid multilayer
material, composed mainly of calcium carbonate in the form of calcite [3]. In addition to calcium
carbonate, they contain some metallic trace elements (Fe, Mn, Cu, Zn, Pb, Co, Cd, As, Sr, etc.) [4,5].
Calcium carbonate contained in bivalve shell powder is a naturally occurring inorganic biomaterial.
According to Widyastuti et al [6], bivalve shells is a potential biomass resource as a bone repair
material especially designed for cancer patients [7]. Calcium carbonate is also used in a wide variety
of products, including paper, plastics, rubber, pharmaceuticals, and in the treatment of polluted water
[8—11]. Recently, this material has received enormous attention from researchers due to its adsorption
capacity. It has been the subject of some research work for the removal in aqueous solution of thorium
[12], malachite green [13], methylene blue [3].
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The bivalve shells of Corbula trigona could be an alternative adsorbent, natural to be used in
the treatment of pollutants. The characterization of this one is therefore essential for a better
understanding of its properties and its use. The aim of this study is to characterize the shell powder of
Corbula trigona in order to evaluate its chemical properties and its performance in the treatment of
pollutants in aqueous solution. This could expand the list of non-toxic adsorbent materials for the
treatment of contaminated waters.

Corbula trigona shell powder was characterized using different analytical techniques such
as X-ray diffraction (XRD), Fourier transform infrared (FTIR), scanning electron microscopy (SEM)
and energy dispersive spectroscopy (EDS) the specific surface, using the Brunauer-Emmet-Teller
(BET) equation.

2. Methodology

2.1. Sourcing and preparation of Corbula trigona shells

Corbula trigona shells (CTS) were collected from the shore of the Aby lagoon (Ivory Coast). In
addition, they are characteristic species found on a variety of substrates ranging from sandy to muddy
sediments [1,14]. The bivalves of Corbula trigona are small species (21 mm maximum), with a color
that varies from white to light green, then to ferruginous brown (Figure 1).They live, also, in brackish
waters (for example, estuaries, lagoons and lakes) and in temperate and tropical areas. They are often
abundant in eutrophic waters and have an increased ability to survive in heavily polluted areas [15].
They are under-exploited wastes and available in large quantities. The use of these waste Corbula
trigona shells as adsorbent is a way to valorize them in the treatment of pollutants in aqueous solution.

Figure 1. Shells of Corbula trigona

In order to remove impurities, 100 g of Corbula trigona shells were immersed in 200 mL of
hydrogen peroxide (50 volumes or 15 % mass) for 24 hours. These shells were then washed several
times with distilled water before being dried in an oven at 105 °C for 24 hours. After cooling in a
desiccator, they were crushed and ground in a porcelain mortar. Two successive sieving operations
using 250 pm and 100 pm mesh sieves resulted in powdered materials with a particle size between 100
and 250 pm. The choice of the diameters of the shells of Corbula trigona were made according to the
work of Turner ef al [16]. Because according to them, the shells of granulometry included between 100
um and 250 um have a good capacity of adsorption.
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2.2 Product characterization

The pH of zero charge point (pHpzc) was determined with reference to the work of Lopez-
Ramon et al. [17]. Thus, six solutions of NaCl at 0.1 mol/L and pH between 2 and 10 were previously
prepared using NaOH or HCI solutions of concentration 0.1 mol/L). 0.1 g of CTSP was put in contact
with 20 mL of each of the six solutions under stirring with a magnet bar for 48 hours. These reaction
mixtures were then filtered using filter paper, Whatman of porosity = 0.45 um. The final pH is
measured using a pH/Ionometer XL250. pHzpc corresponds to the point where the curve of variation
ApH versus the initial pH crosses the x-axis. The elemental composition of Corbula trigona shell
powder (CTSP) was determined using an Agilent 5800 ICP-OES instrument. The Rigaku brand
diffractometer - Miniflex II, Japan (voltage 40 kV, current 200 mA, CuKo radiation (A = 1.5406 A),
scan rate 4min!) for 20 ranging from 0 to 90° allowed us to identify the crystalline phases present in
the CTSP. Brukers brand Alpha-p infrared spectrophotometer was used to identify functional groups
on the surface of CTSP in the range of 4000 to 400 cm™!. The surface properties of CTSP were
investigated using a multipoint BET surface. CTSP was characterized by N2 adsorption test at 77 K.
100 mL/min of dry nitrogen was introduced into the sample tube to avoid contamination of the clean
surface. The sample tube was then removed and the sample weighed.

3. Results and Discussion
3.1 pH of zero charge point (pHpzc) of CTSP

The pHpzc is defined as the pH of the aqueous solution in which the solid exists under a neutral
electrical potential. CTSP has a pHpzc of 8.2 (Figure 2). This parameter plays an important role in the
adsorption mechanism. Thus, when the pH of the solution is below 8.2, the surface of the adsorbent
becomes positively charged. On the other hand, for a pH of the solution higher than pHpcn, the surface
of the adsorbent is negatively charged.
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Figure 2. pHpzc of Corbula trigona shell powder

3.2 Mineral composition

The elemental composition of Corbula trigona shell powder (CTSP) is presented in Table 1. It shows
that this material consists of 97.8 % calcium carbonate, 0.46 % chromium, 0.3 % mercury and lead as
well as other metallic trace elements (As, Cd, Ni, Sb, Se). This CTSP has a composition close to that

Yapo et al., J. Mater. Environ. Sci., 2022, 13(9), pp. 1047-1055 1049



determined by Jacob et al.[5] in bivalve shell powder. The CaCOs present in the bivalve shell is calcite,
which is very stable and less soluble in water at standard temperature and pressure. Previous studies
have revealed the presence of CaCOs3 and trace metal elements such as Fe, Mn, Cu and Ca increases
the adsorption capacity in the treatment of polluants in aqueous solution [18,19]. The presence of trace
metals, particularly mercury in Corbula trigona shells (0.3%) is below the toxicity threshold (=2 pg/L),
which suggests that its presence does not constitute a hazard in water treatment [20].

Table 1. Chemical composition of the shell of Corbula trigona

Chemical compounds Pourcentage (%)
CaCOs; 97.8
Cr 0.46
Hg 0.3
Pb 0.3
As 0.26
Cd 0.25
Ni 0.23
H:O 0.23
Sb <0.1
Se <0.1
Insoluble matter <0.1

3.4 X-ray analysis

X-ray diffraction was used to identify the crystalline phases in the CTSP material. Figure 3
shows the diffractogram of CTSP obtained with the different phases identified from the Joint
Committee on Powder Diffraction Standards (JCPDS) databases. The composition of the microspheres
of this adsorbent indicates two crystalline polymorphs, namely calcite and aragonite. The characteristic
peaks obtained at 29.5°, 26.9, 39.5°, 42.9°, 48.5° and 62.3° correspond to reflections (104), (101),
(113), (202), (116) and (124), respectively. These are attributed to calcite (CaCOs), while aragonite
(CaCO3) peaks are observed at 27.5° (021), 33.4° (012) and 37.9° (112).
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Figure 4. XRD of raw CTSP
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3.3 FTIR analysis

Examination of the spectrum in Figure 3 allowed the association of characteristic peaks with
functional groups. The main peaks obtained were located at 1385 c¢cm!, 871 cm™ and 710 cm’!
respectively. Thus, the low intensity peak obtained at 1776 cm™! could be attributed to the C = O bond
of the carbonate while the peaks located at 1385 cm!, 871 cm™ and 710 cm™! are associated with the
C- O bond. The functional groups obtained are in agreement with the structure of bivalve shells studied
by Elwakeel et al [3]. For example, the absorption bands at 1776 cm™!, 1385 ¢cm™!, 871 cm™! and 710
cm! are also consistent with calcite and the band at 710 cm™! is a common peak for both calcite and
aragonite [21-24].
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Figure 3. FTIR spectrum of CTSP

3.5 Surface morphology of CTSP

Scanning electron microscopy (SEM) was used to illustrate the different surface morphologies
and characteristics of CTSP. Figure 5 shows the scanning electron microscopy (SEM) snapshot of the
studied adsorbent. The SEM photographs of the CTSP were recorded at 300 x, 500 x and 1000 x
magnifications to highlight the perceived nuances in the topography of the adsorbent. These pictures
clearly indicate that the CTSP surface is flaky and coarse. In addition, we observe the appearance of
numerous gaps that could facilitate the adsorption mechanisms.

3.6 Spectrum analysis and EDS mapping

The spectrum (Figure 6a) and EDS mapping (Figure 6b) were performed to know the
elemental chemical composition of CTSP. It appears that this material consists mainly of calcium
(51.23 %), oxygen (40.29 %) and carbon (8.37 %). This composition is close to that determined by
Elwakeel et al [3] in bivalve shells (47.6% Ca, 41.1 % C and 11.1 % O) from beaches located on the
coast of Port Said in Egypt.
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Figure 5. SEM photograph of the CTSP
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Figure 6. EDS spectrum (a) and mapping images (b) of chemical elements in the CTSP
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3.7 BET analysis

Specific surface area is one of the characteristics that plays the main role in the adsorption
capacity. The shells of Corbula trigona have a relatively low specific surface area [25]. The value
found in our study is 4.85 m?/g. Despite the low value of the specific surface, they represent a potential
source for the removal of certain pollutants in solution such as fluoride by precipitation [26]. Their
activation could also increase their specific surface and make them good adsorbents in the treatment of
pollutants in aqueous solution. It is one of the characteristics that plays the main role in adsorption
capacity [9,27,28].
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Figure 7. Adsorption-desorption profiles of CTSP

Conclusion

This study showed that the crude Corbula trigona shell powder can be used in various scientific
fields. ICP-MS analysis showed that CTSP was predominantly CaCOs (97.8%) with a specific surface
area of 4.85 m?/g. The DRX analysis showed that it was constituted by two crystalline polymorphs,
calcite and aragonite, recognized by their capacity of adsorption of pollutants in aqueous solution.
Moreover, the characterization of the surface allowed to highlight the presence of functional groups
such as C- 0 and C = O. Therefore, the valorization of these shells of Corbula trigona is necessary by
transforming them into other products with high added value. In this perspective, the use of Corbula
trigona shell powder in the treatment of contaminated water could be an effective solution given its
comparative advantages due to its chemical composition rich in CaCOs.
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