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a b s t r a c t
Minimizing wastes and making the most of natural resources are the aims of the circular economy. 
Natural wastes were employed as abundant and inexpensive materials for wastewater treatment. 
In this context, snail shell powder (SSP) and pine cone powder (PCP) were studied for their ability 
to remove pollutants from wastewater, especially heavy metals. For the characterization of adsor-
bents, scanning electron microscope (SEM), Fourier transform infrared spectroscopy (FTIR), X-ray 
diffraction (XRD) analysis and measurement of point of zero charge (PZC) were carried out. The 
PCP crystallinity index was evaluated by the peak height and deconvolution method. The appar-
ent crystallite size was estimated using the Scherrer equation. The SEM micrographs showed the 
irregular morphology of their particles and the roughness of their surfaces. FTIR analysis allowed 
the identification of functional groups present on the surface of both adsorbents, mainly related to 
their abatement capacity. XRD analysis showed that SSP was a calcium carbonate compound in the 
aragonite mineralogical form. PCP was mainly constituted of cellulose in amorphous and crystalline 
phase. The PCP deconvolution results indicate that the crystalline peak (200) was directly related 
to crystallite size. The PZC results were used to explain general connections among points of zero 
charges and cation exchange capacity of the adsorbents. The PZC values were 7.97 and 5.62 for SSP 
and PCP, respectively. This work highlights the applicability of the SSP and PCP as available and 
low-cost natural wastes that can be involved in an efficient and economically appealing wastewater 
treatment process.

Keywords: Circular economy; Snail shell; Pine cone; Waste management; Wastewater treatment; Heavy 
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1. Introduction

The growth of industrial activity has caused the dis-
charge of large quantities of wastewater containing different 
inorganic and organic compounds. These pollutants include 
dyes, phenols, oil, toxic salts and heavy metals [1]. Their 
release in the environment constitutes a serious threat for 
human health and the entire biological system due to their 
toxic nature [2]. The treatment of polluted wastewater hence 
remains a topic of scientific interest that requires intensive 
efforts to be solved. Therefore, the development of new 
efficient technologies, easy to implement deserves special 
attention. 

A scrutiny of literature indicates a growing interest in the 
employment of low-cost adsorbents [3]. Indeed, these avail-
able and cheap materials can be involved in an efficient and 
economically appealing process of decontamination. Owing 
to their numerous advantages, they have been extensively 
used as a promising alternative to traditional physicochemi-
cal methods for wastewater treatment. 

Various materials have been investigated as adsorbents 
to remove different types of pollutants from aqueous solu-
tions. It includes mineral materials, synthetic organic mate-
rials, agriculture wastes, industrial by-products and natural 
residues [4–6]. Among the used materials, snail shell is an 
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abundant, low-cost and natural waste material that can be 
used in polluted effluents treatments. The snail is relished as 
gourmet food in a number of countries such as Morocco. It 
provides an easily harvested source of protein for the local 
communities, discarding the shells as wastes [7]. The use of 
these shells as adsorbents transforms a waste material into a 
potential useful resource. On the other hand, large quanti-
ties of pine cones are produced as agricultural by-products 
throughout the world [8]. The cones are the reproductive 
organs of the pines and other conifers. Each cone is com-
posed of a large number of scales carrying seeds. They are 
easily available waste that can be used as a potent decontam-
ination tool [9].

In analogy with the incessant search for cheaper, feasi-
ble and proficient products for the removal of various pol-
lutants from wastewater, snail shell powder (SSP) and pine 
cone powder (PCP) have been studied. Our investigation 
aims to assess their potential application in wastewater treat-
ment. In this regard, the physicochemical characterization of 
these natural wastes was explored by using scanning elec-
tron microscope (SEM), Fourier transform infrared spectros-
copy (FTIR) and X-ray diffraction (XRD) analysis. The point 
of zero charge (PZC) of both adsorbents was studied. The 
PCP crystallinity index was evaluated by the peak height and 
deconvolution method. The crystallite size was estimated 
using the Scherrer equation. The characterization results 
would contribute to a better understanding of the potential 
use of SSP and PCP for the removal of pollutants, such as 
heavy metals, from wastewater.

2. Materials and methods

2.1. Adsorbent preparation

The snail shells (Helix aspersa) were collected from street 
hawker in Fez, Morocco. They were washed several times 
with tap water and then oven-dried at 80°C for 2 h. The mate-
rials were crushed in an agate mortar; impurities such as flesh 
were removed and then washed several times with distilled 
water. Finally, the product was oven-dried at 100°C for 12 h.

Pine cones (Pinus halepensis) were collected from the 
peri-urban forests in Fez, Morocco. The cone scales were 
removed and extensively rinsed with distilled water to 
remove impurities. The materials were then oven-dried at 
60°C for 48 h. 

The dried natural wastes were ground to a fine pow-
der using a food-processing blender. The resulting PCP and 
SSP were sieved through a range of sieves between 20 and 
800 μm. The different resulting powders were collected for 
further experimental use.

2.2. Physicochemical characterization

The FTIR analysis was recorded using Bruker (Germany) 
FTIR spectrophotometer model Vertex 70, in the range of 
400–4,000 cm–1, using ATR mode, 16 scans were accumulated 
at a resolution of 4 cm–1.

The scanning electron microscopy is a powerful tech-
nique that can be used to investigate the surface morphol-
ogy of adsorbents. The SEM analysis was carried out by an 
environmental scanning electron microscopy equipped with 

an EDAX probe, model QUANTA 200 coupled with energy 
dispersive spectroscopy (EDS) under a vacuum of 90 Pa.

The X-ray diffraction (XRD) pattern of the powdered 
samples was obtained using a PAN-Critical X’Pert Pro X-ray 
diffractometer equipped with a Cu-Kα monochromatic 
source (1.54 Å). Operating at a voltage of 40 kV, a step size of 
2θ = 0.071° and a filament current of 40 mA. The diffraction 
pattern was recorded with continuous scanning from 10° to 
90° at a scan step time of 45.08 s for SSP and from 5° to 40° at 
a scan step time of 90.17 s for PCP.

The solid addition method was used to determine the 
PZC of the adsorbent [10,11]. A mass of 0.5 g of the material 
was brought into contact with a volume of 45 mL of the KNO3 
(0.01 N) solution. The initial pH (pHi) values of the solutions 
were adjusted ranging from 2 to 10 using KOH (0.1 N) and 
HNO3 (0.1 N) solutions. Afterwards, the total volume of the 
solution was made to 50 mL by adding KNO3 solutions. The 
mixtures were shook at 200 rpm for 24 h in an orbital shaker, 
and the final pH (pHf) values of the supernatant liquid were 
recorded. The difference between the initial and final pH val-
ues (ΔpH = pHi–pHf) was plotted against the pHi. The point 
of intersection of the resulting curve at ΔpH = 0 was consid-
ered as the PZC.

The particle size analysis was conducted using an AS 200 
RETSCH (Germany) analytical sieving machine, through a 
series of sieves in accordance with ISO3310-1. A sample of 
200 g of the material was sieved for 40 min at an amplitude 
of 1.8 mm; the resulting refusal is collected and weighed.

3. Results

3.1. FTIR analysis

FTIR analysis of the SSP was realized in order to deter-
minate the functional groups on the material surface. The 
infrared spectrum in Fig. 1a reveals the presence of the 
characteristic fundamental vibration modes of the car-
bonate ions (CO3

2–), identified by the main absorption 
bonds 3 = 1,447.40 cm–1, n1 = 1,082.62 cm−1, n2 = 854.19 cm–1 and 
n4 = 712.33 cm–1. Indeed, carbonate ions molecules are known 
to present four normal modes of vibration peaks: n1, sym-
metric stretching; n2, out of plane bending; n3, doubly degen-
erate planar asymmetric stretching; and n4, doubly degener-
ate planar bending [12].

Furthermore, the existence of FTIR bonds from 1,600 to 
1,400 cm−1, from 1,081 to 1,083 cm−1 and at 854 cm−1 indicates 
the aragonite phase of calcium carbonate. Compared with 
the infrared spectrum of calcite showing a simple bond, 
aragonite presents a double peak at 699.60 and 712.33 cm–1. 
The bonds at 1,786.70 cm–1 are assigned to the combination 
of symmetric stretching n1 and doubly degenerate planar 
bending n4. 

The obtained FTIR spectral data were in accordance with 
the common characteristics of carbonate groups generally 
found in calcium carbonate compounds as confirmed by 
other studies [13–16]. Moreover, the carbonyl (C=O) group 
present in SSP is expected to act as an active group for the 
fixation of toxic metal ions [17]. 

FTIR analysis also concluded the predominant aragonite 
phase of calcium carbonate in the SSP. These findings were 
further justified through XRD analysis shown in Fig. 3.
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The FTIR spectra of PCP given in Fig. 1b show a bond 
at 3,301.17 cm−1 corresponding to O–H stretching vibration. 
This bond is probably attributed to hydrogen bending of the 
hydroxyl and carboxyl group linked in cellulose, lignin and 
adsorbed water. 

The double peaks observed at 2,932.9 and 2,879.47 cm−1 
are possibly related to the symmetric and asymmetric 
stretching of aliphatic chains C–H, respectively, particularly 
due to methyl (CH3

–) and methylene (–CH2
–) groups of side 

chains. The peaks at 1,718.42 and 1,607.41 cm–1 could be 
attributed to C=O vibration due to the carboxylic and car-
boxylate form, respectively. The peak at 1,512.06 cm–1 may 
be ascribed to the presence of aromatic rings with C=C bonds 
and can be assigned to lignin. The peak at 1,259.40 cm−1 cor-
responds to C–O vibration bond from the carboxylic acids or 
stretching vibration of O–H from phenols. The peak present 
at 1,025.44 cm–1 may be assigned to C–O ether and alcohol, 
especially in cellulosic compounds. 

Peaks in 900–800 cm–1 area would be attributed to C–H 
aliphatic or aromatic bonds. The infrared spectrum reveals 
the presence of the characteristic functional groups reported 
in other studies [18–24].

The performed investigations on PCP showed that they 
are generally composed of cellulose, hemicellulose, lignin 
and extractives as it was reported in previous study [25–27]. 
PCP contains functional groups such as ketones, hydroxyl, 
carboxyl and phenol. These functional groups are strongly 
involved in the pollutant particles binding. Their presence 
would provide to this material a great adsorptive potential 
for the treatment of heavy metal from aqueous solutions. 
Their involvement in heavy metals adsorption was reported 
in various research works [21,28,29].

3.2. SEM analysis

The surface morphology of the samples was observed 
using SEM at 15 kV accelerating voltage. The SEM images 
are shown in Fig. 2a. The surface of SSP consists of condensed 
agglomerates made up of small particles and many spaces. 

Furthermore, the visible rough and irregular surface of the 
material revealed the porous characteristic. This surface 
property could be considered as a factor favoring the adsorp-
tion of pollutants by an ion exchange phenomenon leading to 
the fixation of cationic or anionic particles for example. These 
results are in accordance with those found in previous stud-
ies [30,31].

The SEM of PCP shown in Fig. 2b presents irregular par-
ticles with medium outline relief and containing varieties of 
interstice. The particles of PCP seem to have rough texture 
and a porous surface. This surface nature offers a high sur-
face area and could strongly contribute to the adherence of 
the pollutant as previously reported [21].

3.3. XRD analysis

The crystalline structure of the SSP can be observed by 
analyzing the XRD patterns as shown in Fig. 3. The main 
diffraction peaks are identified in the range of 2θ = 25°–55°. 
The most representative peaks were located at 2θ = 26.23°, 
27.22°, 33.14°, 36.17°, 37.90°, 45.88°, 48.42° and 52.47°. These 
peaks were assigned to the aragonite crystal form as deduced 
from the comparison with the data file ICDD reference code 
96-901-5426. The XRD patterns of the SSP were in accordance 
with previous results reporting based calcium carbonate ara-
gonite materials [10,14,32].

The calcium carbonate constituting the snail shell exhib-
its usually two mineralogical forms, calcite and aragonite. 
The calcite crystallizes in the rhomboidal system, while ara-
gonite crystallizes in the orthorhombic system where each 
calcium ion is coordinated with nine oxygen ions and each 
oxygen ion with three calcium ions. The calcium ions have 
an approximately hexagonal compact arrangement. Calcium 
in both forms can be partly replaced by other elements. In 
aragonite, Ca is replaced by strontium (Sr) and barium (Ba), 
while in calcite it is likely replaced by magnesium (Mg) and 
manganese (Mn). Indeed, we can assume that the strontium 
can naturally integrate the aragonite lattice since this atom 
is divalent, and has an ionic radius close to calcium. These 

Fig. 1. FTIR spectra: (a) SSP; (b) PCP.
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findings are in agreement with results reported in previous 
studies [16,30,33]. It is noteworthy that no additional peak 
was observed in the XRD patterns. This demonstrates the 
high purity of aragonite polymorph of calcium carbonate in 
the SSP. 

The X-ray diffractogram of PCP is shown in Fig. 4a. The 
four peaks located at 2θ angles of 15.09°, 16.25°, 22.21° and 
34.47° are characteristic of cellulose I [34], and are used for 
the structural analysis and comparison. Native cellulose 
is known to be a mixture of two distinct crystalline forms, 
namely celluloses Iα (triclinic) and Iβ (monoclinic), whose 
fractions vary depending on the origin of the cellulose sam-
ple [35,36]. XRD spectrum of PCP is similar to that of cellu-
lose Iβ characterized by two main peaks and a broad amor-
phous background bond. The peak intensities and the peak 
broadening are species dependent. Peaks at 2θ = 15.09° and 
16.25° merged into a broad bond, which is consistent with 
the literature [24,26]. The most prominent peak observed 
at 2θ = 22.21° was assigned to the (200) plane from the cel-
lulose crystalline phase. Besides this phase, an amorphous 
phase is located at 2θ = 18.28° area and mainly corresponds 
to lignin, associated to the cellular wall; this compound 
confers mechanical strength to the wood. The decrease 
of its concentration leads to the increase of the crystalline 
fraction [25].

The empirical crystallinity index (CrI) = 51.32 % was esti-
mated using the Segal equation (Eq. (1)) [37], that is, the ratio 
of crystalline cellulose intensity (Ic–Iam) to total intensity (Ic) 
at 2θ = 22.21°, where Iam is the intensity of the amorphous 

cellulose phase at 2θ = 18.28° which corresponds to the min-
imum position of the diffraction profile. Fig. 4a shows an 
example of the crystalline and amorphous peaks used in this 
equation.

CrI % am( ) = −
×

I I
I

c

c

100  (1)

Fig. 3. X-ray diffractogram of the SSP.

Fig. 2. SEM images SEM: (a) SSP; (b) PCP.
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The deconvolution method was used for the separation 
of the crystalline phase from the amorphous background. As 
shown in Fig. 4b individual peaks were fitted by Gaussian 
functions. For this purpose, Peak Analyzer with program 
Origin was used and interactions continued until the fit con-
vergence, which corresponds to an R2 = 0.99. The fitting curve 
matches the experimental curve very well; therefore, the use 
of this function is a good approach.

After deconvolution, five bonds have been assumed 
(Table 1). This result was reported in many other cases 
[26,38–40]. The crystallinity (Xc = 36.65%) was calculated by 
Eq. (2) [24]:

X
S

S Sc
c

c

=
+

×
am

100  (2)

where Sam is the amorphous integrated area, and Sc is the 
sum of the integrated areas of the crystalline adjusted peaks 
designated as (1–10), (110), (200) and (004) in Fig. 4b.

The calculated value of CrI is greater than the value 
obtained for Xc. It is most likely because the CrI calcu-
lated using the Segal method is a rough approximation of 
the percentage of crystalline part in whole cellulose mass. 
Indeed, this approach only considers the crystallinity part 
present in the (200) plane, neglecting the contributions of 
the other crystalline planes. The crystallinity index Segal’s 
method is not able to reflect the degree of biomass crys-
tallinity; however, it provides a comparison parameter. 
Similar results have been reported by Poletto et al. [26] 
and Ornaghi Júnior et al. [40].

The average size of crystallite was calculated from the 
Scherrer equation (Eq. (3)) [41]. The method is based on 
width at half height of the diffraction patterns obtained in 
the X-ray reflected crystalline region. The crystalline size 
(Lhkl) was determined using the diffraction pattern obtained 
from deconvolution approach.

L k
hkl =

λ
β θcos

 (3)

where k is a dimensionless number known as the Scherrer 
constant with a value of 0.94, λ is the X-ray wavelength 
(0.154 nm for Cu Kα radiation), β in radians is the full width 
half maximum of the diffraction peak (FWHM) and θ is the 
corresponding Bragg angle.

Information about average crystallite size was calcu-
lated from this method using the Scherrer formula. Among 
the five reflections, the crystalline peak (200) is the clearest 
and the best able to determine the lateral dimension of the 
crystallite. The crystalline peak (200) was directly related 
to crystallite size and calculated to be 2.97 nm in this 
investigation. The value of the crystalline size was similar 
to that found by Poletto et al. [26] for Eucalyptus grandis, 
Mezilaurus itauba and Pinus elliottii.

3.4. PZC determination

The PZC is an important feature that determines the 
pH at which the surface of the adsorbent has a net electrical 
neutrality [42]. At this value, the acidic or basic functional 

Fig. 4. XRD patterns of PCP for calculating CrI: (a) by the intensity method; (b) by the area method.

Table 1
Peak list of PCP after deconvolution

Peak index Peak area β (°) β (rada) Height 2θ Lhkl (nm) Xc (%) CrI (%)

1 (1–10) 2,403.022 3.869 0.068 583.435 14.960 2.164

36.65 51.32
2 (110) 127.825 1.495 0.026 80.301 16.644 5.608
3 (amorphous phase)b 9,458.347 10.054 0.175 883.901 20.634 0.839
4 (200) 2,738.012 2.852 0.050 901.793 22.152 2.969
5 (004) 203.969 1.566 0.027 122.383 34.496 5.555

a1° × π/180 = 0.01745 rad. 
bBand assigned to amorphous phase.
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groups no longer contribute to the pH of the solution. The 
adsorption of the cations will be more favorable at pH higher 
than PZC.

The PZC of SSP was determined to be 7.97 as presented 
in Fig. 5a. The PZC value of this adsorbent was similar to 
that obtained in previous works, such as 8.20 for natural 
calcite and 7.9 for snail shell [10,43].

At pH = 7.97 the quantity of negative charges on the 
SSP surface sites is equal to the quantity of positive charges. 
Therefore, at solution pH lower than 7.97, the SSP surface is 
predominated by positive charges and could interact with 
negative species. 

At pH higher than 7.97, the SSP surface is predominated 
by negative charges and could interact with metal positive 
species as shown in Fig. 6. 

The hydrolysis reaction of calcite (CaCO3) could be used 
to elucidate the surface reaction of the SSP at different pH 
values. The reaction leads to the production of the follow-
ing chemical species, CO3

2−, HCO3
−, CaOH+, Ca2+, CaHCO3

+. 
Some reactions for the cationic and anionic species are as 
follows [44]:

CaCO3 ↔ Ca2+ + CO3
2−

CO3
2− + H2O ↔ HCO3

− + OH−

Ca2+ + HCO3
− ↔ CaHCO3

+

Ca2+ + OH− ↔ CaOH+

Thus, considering the hydrolysis reaction of calcite 
and PZC of SSP, it seems that cationic species such as Ca2+, 
CaHCO3

+, and CaOH+ overcome at pH < 7.97 and offer hence 
a positive charge to the SSP surface. At pH > 7.97, the nega-
tive species such as CO3

2–, HCO3
– prevails. 

The PZC of PCP was determined to be 5.62 as illustrated 
in Fig. 5b. Depending on the solution pH, the organic func-
tional groups on the PCP surface could acquire a negative or 
positive charge. At pH values lower than PZC, the sites will 
be associated with a proton to become positively charged, 
while at pH values greater than the PZC, the groups are 

mainly in dissociated form and acquire a negative charge. 
At pH equal to PZC, the amount of negative charge on the 
adsorbent surface equals the amount of positive charge as 
represented in Fig. 6.

The PCP surface contains carboxylic groups (–COOH) 
as revealed by the FTIR analysis. At pH > PZC, the carboxyl 
group turns into –COO– offering a negative charge to the 
PCP surface. This latter becomes attractive to cationic species 
such as heavy metals and cationic dye. The same phenome-
non occurs with –OH and –NH2 groups according to the fol-
lowing reactions:

S–COO– + Mn+ → S–COOM(n−1)

S–O– + Mn+ → S–COOM(n−1)

S–N2– + Mn+ → S–NM(n−2)

where S refers to the adsorbent surface and M to heavy 
metals.

Similar findings were obtained by Zou et al. [45] in a 
study dealing with the treatment of methylene blue bearing 
aqueous solutions by Pinus tabuliformis sawdust. Munagapati 
et al. [46] reported in a further work the applicability of acacia 
leucocephala bark powder as an alternative biosorbent mate-
rial for removal of Cu(II), Cd(II) and Pb(II) ions from aqueous 
solutions.

3.5. Particle size analysis

The particle size distribution is an important physical 
characteristic that needs to be analyzed. The milling of the 
solid is an initial pretreatment of the sample to obtain the 
best size for the further application. This process requires 
high-energy consumption. Thus, adequate particle size of the 
solid provides an economic advantage for its use in adsorp-
tion, for example. 

Particle size distribution curve obtained through the 
sieve analysis is presented in Fig. 7. It is noteworthy that 
approximately 39.5% and 44.5% of PCP and SSP particles, 
respectively, presented a size of 300 μm which represents the 

Fig. 5. Point of zero charge: (a) SSP; (b) PCP.
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largest proportion of the sample. The percentage of fine par-
ticles (≤300 μm) is more than 85% and 79% for PCP and SSP, 
respectively.

The coefficient of uniformity (Cu) and the coefficient of 
curvature (Cc) are calculated from Eqs. (4) and (5) [47].

C
D
Du =

60

10

 (4)

C
D

D Dc = ×
30
2

10 60

 (5)

where D60, D30 and D10 are the particle diameters, correspond-
ing to 60%, 30% and 10% finer on the cumulative particle size 
distribution curve, respectively.

The coefficient of uniformity (Cu) was used to classify 
the material as uniformly graded (Cu > 5) or poorly graded 
(Cu < 5). Hence, the coefficient of uniformity was 8.80 for SSP 
and 7.35 for PCP. Thus, the samples may be considered as uni-
formly graded. The coefficient of curvature (Cc) was 0.52 for 
SSP and 0.29 for PCP. The obtained results showed that these 
solids have a fine particle size distribution, which means that 
the particles may have a high porosity and surface area.

4. Conclusion

In order to predict their potential use in the adsorption 
process, the characterization of the materials is of extreme 
importance. In this work, the SSP and PCP were studied as 
promising candidates for heavy metals adsorption, highly 
available in Morocco and free of expense. XRD served to 
determinate the crystalline structure of the materials. FTIR 
analysis revealed the presence of carbonate ions in SSP and 
the functional groups (ketones, hydroxyl, carboxylic and 
phenolic) in PCP. The PZC was determined to be 7.97 and 
5.62 for SSP and PCP, respectively. SEM analysis revealed 
the micro-rough texture of the material’s surface. Their par-
ticle size analysis showed a fine particle size distribution. 

The obtained results from this study can be considered 
when in view of the uses of those materials in the pollutants 
removal from wastewater. The understanding of the involved 
mechanisms is of great importance for the development of 
adsorption processes and can be a promising field for future 
research.
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