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Abstract
The effect of the adsorption capacity of Pb (II) on the shell of Opuntia ficus (tuna) was evaluated as a function of the adsorbent
dose and initial contaminant concentration, in a batch system. The biomaterial was characterized by a nitrogen adsorption-
desorption isotherm applying the BET equation, obtaining a surface area of 2.105 m2/g. FTIR reported the presence of hydroxyl,
carbonyl, alcohol and methoxy groups. SEM analysis showed that the surface of the tuna shell has the presence of mesopores
and that after adsorption Pb (II) forms micro-complexes and precipitations in the exposed area due to ion exchange with the
functional groups. EDS analysis after adsorption confirmed a high content of the metal in the tuna shell. 0.1 g of adsorbent
and 90 mg/L were determined as the best conditions for adsorption, reporting a maximum removal capacity of 40.97 mg/g. The
pseudo-second order and Elovich models adjusted the experimental data on kinetics; the isotherm was described by the Langmuir
equation, determining that the process is controlled by chemisorption and occurs in a monolayer. The results found have potential
application in the treatment of wastewater from some industries and mining.
Keywords: adsorption, bio-adsorbent, chemisorption, Langmuir model.

Resumen
Se evaluó el efecto de la capacidad de adsorción de Pb (II) sobre la cáscara de Opuntia ficus (tuna) en función de la dosis de
adsorbente y la concentración inicial de contaminante, en un sistema por lotes. El biomaterial se caracterizó por una isoterma
de adsorción-desorción de nitrógeno aplicando la ecuación BET, obteniendo una superficie de 2,105 m2/g. El FTIR informó la
presencia de grupos hidroxilo, carbonilo, alcohol y metoxi. El análisis SEM mostró que la superficie de la cáscara de tuna tiene
presencia de mesoporos y que luego de la adsorción, el Pb (II) forma micro complejos y precipitaciones en el área expuesta
debido al intercambio iónico con los grupos funcionales. El análisis de EDS después de la adsorción confirmó un alto contenido
de metal en la concha de atún. Se determinaron 0,1 g de adsorbente y 90 mg/L como las mejores condiciones para la adsorción,
reportando una capacidad máxima de remoción de 40,97 mg/g. Los modelos de pseudo segundo orden y Elovich ajustaron
los datos experimentales en cinética; la isoterma fue descrita por la ecuación de Langmuir, determinando que el proceso está
controlado por quimisorción y ocurre en una monocapa. Los resultados encontrados tienen potencial aplicación en el tratamiento
de aguas residuales de algunas industrias y minería.
Palabras clave: adsorción, bio adsorbente, quimisorción, modelo de Langmuir.
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1 Introduction

The contamination of water sources by the discharge
of effluents resulting from anthropogenic activities is
one of the most significant environmental problems
facing man today(Afroze & Sen, 2018). Among the
most dangerous wastes are those containing heavy
metals such as lead, nickel, chrome, cadmium, and
mercury, among others, which harm aquatic life
and human health, even at low concentrations, since
they cause multiple pathologies and even death
(Manirethan, Gupta, Balakrishnan, & Raval, 2019;
Tran et al., 2019). Lead is a metal highly resistant
to the attack of corrosive acids such as sulphuric
and hydrochloric, so it is widely used in different
industrial sectors including mining, electroplating,
battery, ceramics, electronics manufacturing, textiles,
automotive, dyeing, among others (Allahdin,
Mabingui, Wartel, & Boughriet, 2017; Basu, Guha,
& Ray, 2017b; Rasmey, Aboseidah, & Youssef,
2018). Due to this, its annual consumption is around
three millions of tons, of which 40% is used in the
manufacture of electric accumulators and batteries,
12% in construction elements, 6% in the manufacture
of cable sheaths, among other uses (Pan, Geng, Dong,
Ali, & Xiao, 2019).

As a reactive metal, lead is rarely found
in its elemental state. It is found in the form
of salts, oxides, and organometallic compounds
such as galena (PbS), lead ores associated with
galena, complex sulphides such as anglesite (PbSO4),

cerussite (PbCO3), and crocoite (PbCrO4) (Morosanu,
Teodosiu, Paduraru, Ibanescu, & Tofan, 2017). Due
to its chemical load, it has been found that lead
induces oxidative stress, by the excessive production
of free radicals and causes damage to the cell
membrane, through lipid peroxidation, since they
are related by the thiol (SH), oxo (=O) and
phosphate (PO3−

4 ) groups found in some enzymes.
Also, ligands and biomolecules of the organism affect
the permeability of the organ membrane and the
synthesis of haemoglobin (Boskabady et al., 2018;
Morosanu et al., 2017; Candelaria; Tejada-Tovar,
Bonilla-Mancilla, Del Pino-Moreyra, Ortega-Toro, &
Villabona-Ortíz, 2020). Due to its high toxicity,
different physicochemical methods have been tested in
the removal of Pb (II) ions present in aqueous solution,
including membrane processes, electrochemistry,
ultrafiltration, reduction, photocatalysis, among others
(Azimi, Azari, Rezakazemi, & Ansarpour, 2017;
Bhanvase, Ugwekar, & Mankar, 2017). However,
these technologies have drawbacks such as the use of
reagents, high operating costs, and sludge generation.
For this reason, the use of low-cost bio-adsorbents
is an alternative to conventionally used technologies
and includes the use of agricultural residues as bio-
adsorbents which are efficient and reusable (Peng
et al., 2018; Raikar, Correa, & Ghorpade, 2015).
Bio-adsorption takes advantage of the presence of
functional groups in the structure of the residues such
as carboxylic acids, alcohols, phenols, unsaturated
hydrocarbons, and amines, due to their lignocellulosic
origin (Obike, Igwe, Emeruwa, & Uwakwe, 2018;
Villabona-Ortíz, Tejada-Tovar, & Ortega-Toro, 2020).

Fig. 1. Metal ion adsorption mechanism onto lignocellulosic biomass.
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Table 1. Kinetic adsorption models.

Model Equation Parameter

Pseudo-first order
qt = qe(1− e−k1t

qe (mg/g): Adsorption capacity at equilibrium
qt (mg/g): Adsorption capacity in a time t
k1 (min−1): Lagergren’s constant

Pseudo-Second order qe =
t

1
k2q2

e
+

t
qe

k1 (g−1 min−1): Pseudo-second order constant

Elovich qt =
1
β

ln(αβ)+
1
β

ln(t)
α (mg g−1 min−1): adsorption rate
β (g/mg): Elovich’s constant related to the extent
of surface coverage and activation energy in
chemisorption

Intraparticle diffusion qt = k3t1/2 qt (mg/g): amount of metal ion adsorbed per unit
mass of adsorbent in a time
t (min): time
k3 (mg/g.min1/2): intraparticle diffusion constant

Second-order rate Ct =
1

k2t +
1

C0

Ct (mg/L): concentration of solute at time t
Co (mg/L): concentration of solute at equilibrium
t (min): time
k2 (L/mg.min): second order rate constant

Liquid film diffusion qt = qe(1− e−Rt) qe (mg/g): Adsorption capacity at equilibrium

R =
3D1

e

ro∆rok′

qt (mg/g): Adsorption capacity in a time t
R (min−1): liquid film diffusion constant
D1

e (cm2/min): effective liquid film diffusion
coefficient
ro (cm): radius of adsorbent beads
∆ro (cm): thickness of liquid film
k′: equilibrium constant of adsorption

Double-exponential qt = qe −
D1

m
e−K1t − qe −

D2

m
e−K2t D1 (mmol/L): adsorption rate parameter of the

rapid step
K1 (min−1): adsorption diffusion parameters of the
rapid step
D2 (mmol/L): adsorption rate parameter of the
rapid step
K2 (min−1): adsorption diffusion parameters of the
rapid step
m (g): adsorbent dose
qe (mmol/g): Adsorption capacity at equilibrium

Adapted from: Qiu et al., (2009).

The adsorption process can occur by different
mechanisms of mass transfer of the adsorbate from the
solution to the surface of the adsorbent and from there
to its pores. Among these physicochemical transfer
and reaction mechanisms are the anionic interaction,
complexation, precipitation and cationic interaction
(Figure 1) (Allahdin et al., 2017).

In order to interpret the mechanisms that control
the adsorption processes, the kinetic study is carried
out. The kinetics is initially controlled by the diffusion
of the adsorbate from the solution to the exposed
area of the adsorbent, the diffusion from the adsorbent
surface into the pores. Also, the adsorption of
metals by complexation, physicochemical adsorption,
or ion exchange. (Basu, Guha, & Ray, 2017a). The
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experimental kinetic data are adjusted to different
theoretical models, and based on the adjustment of
the parameters, it is possible to estimate the stages
involved in the removal process. Table 1 lists some
of the models most used in the literature (Qiu et al.,
2009).

In the treatment of water contaminated with Pb
(II), different residues of agricultural origin have
been used as bio-adsorbents, among them: cocoa
(Obike et al., 2018), rice (Saad, Amer, Tayeb,
Nady, & Mohamed, 2020), lentils (Basu, Guha, &
Ray, 2019), peas (ul Haq et al., 2017), plantain
(Ibisi & Asoluka, 2018), dates seeds (Mahdi, Yu, &
El Hanandeh, 2019), sorghum (Silas, 2017), agave
fibres (Medellin-Castillo, 2017), yam shells and palm
residues (Candelaria; Tejada-Tovar, Herrera-Barros,
& Ruiz-Paternina, 2016). Finding those plant-based
biomaterials is an excellent alternative for the removal
of Pb(II) due to their chemical properties and physical
characteristics (Amro, Abhary, Shaikh, & Ali, 2019).
In this sense, the Opuntia ficus Indica, also known as
tuna, is a wild plant with xerophilic nature, succulent,
thorny, and arborescent representative of the regions of
the arid or semi-arid climate, native to the American
continent.

This plant has a significant amount of minerals
such as Ca+2, Mg+2, Na+, K+ and Fe+2, and
fibres like lignin, cellulose, hemicellulose, and
pectin. It would be a suitable adsorbent of heavy
metals since these components would propitiate
the ionic exchange between the active centres and
the Pb (II). Thus, the objective of the present
study was to determine the effect of the adsorbent
dose and the initial concentration on the removal
of Pb (II) using the Opuntia ficus shell. The
biomaterial was characterized by employing Scanning
Electron Microscopy (SEM), Energy Dispersive X-
Ray Spectroscopy (EDS), Fourier Transform Infrared
Spectroscopy (FTIR), and the quantification of
moisture, ash, and volatile content. The kinetics and
adsorption isotherm were determined.

2 Materials and methods

2.1 Preparation and characterization of the
bio-adsorbent

The tuna fruit was harvested from the Ayacucho
region, washed with a sodium hypochlorite solution,
dried at 60 °C for 72 hours to a constant mass, reduced

in size, and sieved using the 1.0 mm mesh. The
humidity, volatile matter, ash and fixed carbon content
was determined following the standard ASTM D2974-
14 (Cai et al., 2017). For this, the biomass was cut in
sizes of 5 to 7 mm and placed in a muffle at 700 °C
for 1h. Then, 5 g of dry material (M1) was taken and
placed at 110 °C for another hour and then weighed
(M2). The samples were placed at 700 °C; one sample
was left for 15 minutes to determine its dry weight
and the amount of volatile material (M3) and the other
one for 1 hour to determine the ash content (M4). The
percentages of moisture, volatile material and ash were
determined using the following equations 1, 2, 3 and
4.

%Humidity =

(
M1 −M2

M1

)
× 100 (1)

%Volatile =

(
M2 −M3

M1

)
× 100 (2)

%Ashes =

(
M4

M1

)
× 100 (3)

%Humidity + %Volatile + %Ashes+
%fixed carbon = 100%

(4)

The bio-adsorbent was characterized by Fourier
Transform Infrared Spectroscopy analysis using
an FTIR spectrophotometer (Perkin, Elmer FT-
IR MIR/NIR Frontier) to identify the functional
groups involved in the Pb (II) adsorption process
(Azimi et al., 2017). Scanning Electronic Microscopy
(SEM Hitachi SU8230) and X-Ray Emission
Spectroscopy (EDS AnalytJena Nova Pro 400)
using gold as the conducting agent to study the
morphology and interaction mechanisms of Pb (II)
with the active centres located on the surface of
the bio-adsorbent(Peng et al., 2018). Also, nitrogen
adsorption curve analysis was done by the Brunauer-
Emmett-Teller (BET) method at -196.15 °C with a
relative pressure range (P0) between 0.005 and 1 to
calculate the contact surface area, porosity and type of
pores present on the prickly pear surface (Candelaria;
Tejada-Tovar et al., 2020).

2.2 Adsorption test

Pb (II) removal tests were performed in triplicate
using 50 mL of solution, at 150 rpm, 18 °C,
pH 5, and following a 2k factorial experimental
design with three levels of variation for two factors:

558 www.rmiq.org



Tejada-Tovar et al./ Revista Mexicana de Ingeniería Química Vol. 20, No. 2 (2021) 555-568

adsorbent dose (0.1, 0.2, 0.3 g) and initial contaminant
concentration (30, 60, 90 ppm). The synthetic solution
was prepared using Analytical Grade Lead Nitrate
(Pb(NO3)2) 99.5% pure Merk Millipore brand. The
pH was adjusted using Sodium Hydroxide (NaOH)
and analytical grade Nitric Acid (HNO3) LOBA-
Chemie brand to 99.0%. The final concentration of
metal remaining in the solution was determined by
atomic absorption at 217 nm (Osińska, 2017).

2.3 Kinetics and adsorption isotherm

The kinetic and equilibrium study was performed
at the best conditions of adsorbent dose and initial
concentration of contaminants found in the adsorption
tests, to establish the saturation time of the biomass
and the adsorbent removal capacity when equilibrium
is reached. For the kinetics, aliquots were taken
every 10 min during the first hour. This fact is
due to the adsorption process occurs rapidly at the
beginning because the bio-adsorbent is unsaturated.
Subsequently, samples were taken every 20 min until
completing 2h. The experimental data were adjusted
to the kinetic models (pseudo-first order, pseudo-
second order, Elovich, and Intraparticle Diffusion)
using the OriginPro 8® software, calculating the
adjustment parameters and the correlation coefficient
(R2). The isotherms were performed during 24 h
varying the initial concentration of contaminant (50,
80, 90, 100, 150, and 200 ppm) at 150 rpm, 100 mL,
and 18 °C. The Langmuir, Freundlich, and Dubinin-
Radushkevich models were selected to adjust the
experimental data(Yu & He, 2018).

3 Results and discussion

3.1 Characterization of the bio-adsorbent

Tuna is a fruit belonging to the cactus family with a
characteristic taste and many attributes and is mostly
consumed fresh. The humidity content of 80.42%
was determined, which is characteristic of this plant
because it is a cactus with high water content.
However, its life span is long, with a prolonged time of
ageing (Kan, Strezov, & Evans, 2016). The ash content
of 1.05% indicates that the biomass does not contain
inorganic compounds such as heavy metals and is due
to the presence of silica, aluminium, iron, calcium,
titanium, magnesium, sodium, and potassium oxides.
The volatile content of 12.77% implies a higher
amount of bio-oil production through pyrolysis23. The
fixed carbon content in tuna is 5.76%, due to the
high content of carbohydrate polymers present in the
structure of the biomaterial due to its lignocellulosic
nature (Singh, Mahanta, & Bora, 2017).

The Fourier Transform Infrared Spectroscopy
(FTIR) allowed to know the surface chemistry of the
biomass and to obtain information about the functional
groups present on the surface of the biomass. This
information is decisive in the process of Pb (II)
adsorption and provides hydrophilic properties to the
biomass since they increase the specific ion-active
centre interaction (Saravanan, Kumar, Carolin, &
Sivanesan, 2017).

Fig. 2. FTIR spectrum of tuna before and after Pb (II) adsorption.
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Fig. 3. N2 adsorption isotherm.

The IR spectrum is shown in Figure 2, a prominent
peak of 3438 cm−1 was found indicating the stretching
of the hydroxyl group, 3273 - 3504.4 cm−1 belong
to the stretching of the cellulose, hemicellulose,
lignin, water (Rinaldi, Yasdi, & Hutagalung, 2018).
The stretch around 1735.8 cm−1 corresponds to the
carbonyl group C=O, which represents the active
sites of the carboxyl group of pectin, hemicellulose,
and lignin (Joshi, Singh, & Rajput, 2018). The peak
at 1407.9 cm−1 shows the presence of C-H groups,
representing aliphatic and aromatic groups such as
methyl and methoxy groups, and the band from
1359.7 cm−1 to 1056.9 cm−1 corresponds to the C-
O group of alcohols, esters, and aldehydes (Zhou et
al., 2017). The absorption peaks in the region of 3540
to 3200 cm−1 are due to the extension of the OH-NH
(Gola, Malik, Namburath, & Ahammad, 2018). After
Pb (II) adsorption, the bands present a slight stretching
due to the entrance of the metal, a masking of the

carboxylic and hydroxyl groups were observed in the
presence of Pb (II) (Abdolali et al., 2017).

The porosity of the prepared adsorbent is an
important variable that affects the performance
of the adsorption process. Nitrogen adsorption
measurements for tuna are presented in Figure 3 and
represent a picture on the readily available surface
area. According to the shape of the isotherm, it
is identified as type IV, according to the IUPAC
classification. After filling the micropores, multilayer
adsorption occurs, which is expected in biological
samples that have micro and mesopores. The pore
size distribution, another essential feature, exemplifies
the physical heterogeneity of the adsorbing surface
(El-Azazy et al., 2019). The surface area of biomass
by the BET model was 2.1050 m2/g, with pore
volume of 0.08179 cm3/g. Pore volume was low,
this was attributed to the structure of lignocellulosic
carbohydrates polymers, such as cellulose and lignin,
which are characterized by reduced quantities of
pores and blocked pores (Candelaria Tejada-Tovar,
Gonzalez-Delgado, & Villabona-Ortiz, 2019).

The surface morphology before and after the
deposition of lead ions on tuna surface was determined
by SEM analysis. The micrographs are shown in
Figure 4. The surface of the Opuntia ficus shell has
the presence of pores that appear as dark cavities,
which infers the ability of BPP to absorb metal
ions (Feizi & Jalali, 2015). After the Pb (II) bio-
adsorption, the deposition of the ions is observed on
the irregular adsorbent surface, as evidenced by the
bright precipitations of more than 3µm in Figure 3b,
which suggests that the adsorption process occurs in
monolayer (Kaur, Kumari, & Sharma, 2020).

Fig. 4. SEM micrographs of tuna (a) before and (b) after Pb (II) adsorption.
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Fig. 5. EDS spectrum of tuna after removal of Pb (II).

Figure 5 shows the EDS spectrum for tuna after
Pb (II) removal; carbon was identified as the element
with the highest proportion (41.61%), followed by
oxygen (39.01%). The presence of these two elements
is due to the content of lignin, hemicellulose, cellulose
and pectin in its structure, which makes it a suitable
adsorbent material as confirmed by the presence of
Pb with 12.53%w in the characteristic peak of Pb
in 2.3 keV. Also, the presence of Fe (0.75%w), Al
(0.16%w), and Ca (5.07%w) were shown. The change
in the structure of the material after Pb(II) adsorption
(Figure 2) and the appearance of precipitated particles
on the surface (Figure 4b) could be attributed to
the mechanism of ion binding in the active centres.
This process is controlled by the formation of micro-
complexes and precipitates on the tuna surface. Pb(II)
is retained at the contact sites by ion exchange between
the metal and the active centres of the adsorbent
(Malik, Dahiya, & lata, 2017).

3.2 Removal of Pb(II)

The adsorbent dose is a determining variable in
the adsorption processes since it has an intrinsic
relationship with the availability of active sites in the
adsorbent (Amro et al., 2019). On the other hand, the
initial concentration is one of the driving forces of
the mass transfer and intra-particle diffusion that occur
during adsorption, since they establish the availability
of metal ions (Malik et al., 2017). Figure 6 shows the
average results of these two variables concerning the
adsorption capacity of Pb (II) on the shell of tuna,
finding the highest at 0.1 g of adsorbent and initial
concentration of 90 mg/L. Table 2 shows the results of
the analysis of variance with 95% confidence for the
adsorption capacity with a 95% confidence level. The
two variables evaluated have a significant effect on the
process of Pb(II) removal.

Table 2. ANOVA of Pb (II) adsorption capacity on tuna.

Fuente Suma de Cuadrados Gl Razón-F P-Value

A:Adsorbent dose 1623.27 1 1730.15 0.0000
B:Initial concentration 1142.97 1 1218.22 0.0000
AA 129.896 1 138.45 0.0000
AB 236.071 1 251.61 0.0000
BB 0.112044 1 0.12 0.7335
bloques 0.169896 2 0.09 0.9138
Error total 17.8264 19
Total (corr.) 3150.32 26
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Fig. 6. Adsorption capacity of Pb (II) on tuna shells at different doses of adsorbent and initial concentration.

Fig. 7. Effect of the adsorbent dose (a) and initial concentration (b) on the adsorption capacity of Pb (II).

Table 3. Adjustment parameters of isothermal models
for Pb (II) adsorption equilibrium on tuna.

Model Parameters Lead

Langmuir qmax (mg/g) 58.8432
b (L/mg) 0.6088

R2 0.9851

Freundlich K f (L/g) 30.6593
1/n 0.1448
n 6.0908

R2 0.9679
Dubinin-Radushkevic qDR (mg/g) 51.6427

kDR (mol2/kJ2) 2.4374E-7
E (kJ/mol) 45.2920

R2 0.9046

Figure 7a reflects the adverse effect of increasing
the amount of adsorbent on the adsorption capacity of
Pb(II), which is attributed to a higher dose of adsorbent
providing more active adsorption sites which even
after the removal process remain unsaturated (Osińska,
2017). According to the ANOVA (Table 2), the
interactions at initial concentration-dose of adsorbent
also have a significant effect on the adsorption capacity
of the bio-adsorbent. This fact could be promoted
by a decrease in the total contact surface area. The
length increase of the diffusion path as a result of
the overlapping or aggregation of adsorption sites
provokes a decrease in the removal capacity of the tuna
(Akpomie, Eluke, Ajiwe, & Alisa, 2018). Although
the number of adsorption sites per unit mass of an
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adsorbent must be constant independent of the total
adsorbent mass, increasing the mass of the adsorbent
in a fixed volume of the solution decreases the
effective surface area. As a result, available sites
decrease promotes a reduction of metal adsorbed in
the adsorbent (Silas, 2017).

On the other hand, the adsorption capacity shows
a linear increase with the increase of the initial
concentration of Pb (II), which is due to the expansion
of the adsorption driving forces so that mass transfer
and diffusion from the solution sine to the exposed
surface of the adsorbent occurs (Feizi & Jalali, 2015).
An increase in the initial concentration improves the
interaction between the metal ions and the active
sites as a result of the increased collision. This event
increases the ions fixed on the surface of the adsorbent
(Silas, 2017).

3.3 Adsorption kinetics

Adsorption kinetics describes the trapping rate of the
adsorbate as well as the lifetime of the adsorbent
before saturation (Kaur et al., 2020). The fit of Pb (II)
adsorption kinetics to the pseudo-first order, pseudo-
second order, Elovich and intraparticle diffusion
models is shown in Figure 8. The setting parameters
are summarized in Table 3. Based on Figure 8, a fast
adsorption rate is observed during the first 40 min,
reaching equilibrium at about 80 min, which implies
a high selectivity of the active sites by the metal ions
(Gorimbo, Taenzana, Muleja, Kuvarega, & Jewell,
2018; Taşar, Kaya, & Ozer, 2014).

Adsorption can occur through different types
of transfer mechanisms from the adsorbate to the
adsorbent. The kinetics is mainly controlled by several
factors such as diffusion of the adsorbate from
the solution to the adsorbent exposed area (mass
diffusion), diffusion from the adsorbent surface into
the pores, and adsorption of metals by complexation,
physicochemical adsorption, or ion exchange. This
process occurs in sequential stages/steps (Huang et al.,
2017; Taşar et al., 2014). From the parameters in Table
3 and Figure 8, it can be said that the pseudo-second
order and Elovich models describe the adsorption
mechanism of the process, which suggests that the
limiting step of Pb (II) adsorption on tuna is chemical
adsorption (Amro et al., 2019), as shown in Figure 1.
From the fit to the intraparticle Diffusion model and
the value of the adsorption speed constant, it can be
said that the adsorption is controlled in its initial stages
by the diffusion.

Fig. 8. Non-linear adjustment of experimental data on
the adsorption kinetics of Pb (II) on tuna.

This process is carried out through the liquid to
the adsorbent exposed surface, then diffusing into
the pores, which would explain the fast speed of
adsorption during the first minutes of the kinetics (Dai
et al., 2018).

3.4 Adsorption isotherm

Adsorption equilibrium isotherms are used to relate
the concentration of adsorbate in solution and the
amount in the equilibrium adsorbent, as they provide
information on the adsorption mechanism, surface
properties and affinity of the adsorbents, which helps
to determine the applicability of the process as a
unitary operation. Therefore, it is essential to establish
the most appropriate correlation of the equilibrium
curves to optimize the conditions for designing the
adsorption system (Silas, 2017). Figure 9 shows the fit
of the experimental data to the Langmuir, Freundlich,
and Dubninin-Radushkevich models.

Fig. 9. Non-linear adjustment of the Pb (II) adsorption
isotherm on tuna.
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According to Figure 9 and the adjustment
parameters (Table 4), it is established that the model
which best describes the adsorption equilibrium is
Langmuir, with a qmax of 58.54 mg/g close to the
experimental one. Assuming the process occurs with a
uniform distribution in the form of a monolayer on the
exposed surface of the adsorbent as shown in Figure
4b, caused by the diffusive phenomena which control
initial stages of Pb (II) removal (Asuquo, Martin,
Nzerem, Siperstein, & Fan, 2017). On the other hand,
according to the satisfactory fit of Freundlich’s model
and the value of n>1 is confirmed the heterogeneity
of tuna shell, according to Figure 1, and the high
value of K f implies a high rate of metal adsorption
in the contact area of the adsorbent (El-Moselhy,
Abdel Azzem, Amer, & Al-Prol, 2017; Kebede, Dube,
Mhuka, & Nindi, 2019).

Conclusions

(i) From the Pb (II) adsorption tests on tuna shells,
the maximum adsorption capacity of 40.97 mg/g
was reached using 0.1 g of adsorbent and 90 mg/L
of initial concentration. (ii) Both variables under
study presenting a significant effect on the process
with removal efficiencies above 87% in all cases.
(iii) The chemical-proximal analysis showed that the
biomaterial does not have inorganic compounds of
high molecular weight, with a long-life span and a high
content of hydrocarbon compounds in its structure.
(iv) A surface area of 2.105 m2/g was obtained for
the isotherm of nitrogen adsorption-desorption for the
tuna shell.

The SEM-EDS analysis suggests that the
mechanisms of adsorption in the bio-adsorbent are
given by the formation of micro-complexes and
precipitation in the exposed contact area of the tuna,
through cation exchange with the -COOH, -OH, -R-
OH groups confirmed in the FTIR. (v) A rapid rate of
adsorption during kinetics was presented, reaching
equilibrium at 80 min, with the PSO and Elovich
models being the best suited to the experimental
data suggesting that the limiting step is the chemical
reaction. (vi) Adsorption isotherms were described by
Langmuir’s model, indicating the metal is adsorbed on
the surface of the metal in a monolayer. (vii) Tuna shell
is recommended as an effective bio-adsorbent for the
removal of the metal under study; the importance of
this work lies in the successful use of agro-industrial
waste in the removal of heavy metals from aqueous

solutions. These results have potential application in
the treatment of industrial and mining wastewater.

Acknowledgements

The authors thank the collaborators of the Universidad
Nacional del Centro de Perú and Universidad
de Cartagena (Colombia) for the support in the
development of this work regarding laboratory,
software use, and time for their researchers.

Nomenclature

M1 Dry material mass
M2 Mass of material after 1 hour of drying at

110 ºC
M3 Mass of material after 15 min of drying at

700 ºC
M4 Mass of material after 1 hour of drying at

700 ºC
rpm Revolutions per minute
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