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Abstract
The objective of this work was to evaluate the effect of the adsorbent dose on the removal of lead (II) present in a synthetic
solution using sugarcane bagasse (Saccharum officinarum). The biomaterial was characterized before and after removal by FTIR
analysis which reported the presence of hydroxyl, carboxyl and carbonyl functional groups; and SEM analysis showing a porous
surface in the form of fibrous cylinders typical of lignocellulosic materials, evidencing that Pb (II) ions are captured on the
surface of the adsorbent. It was determined that the best dose of adsorbent was 0.10g obtaining 99.68% removal. The results
of the kinetics were adjusted by the first order Pseudo model; and the isothermal adsorption that described the process was
Langmuir, determining that the process occurs by physic-sorption and monolayer. It is concluded that the residual cane bagasse
is efficient for the preparation of adsorbent and is recommended for the removal of the metal ion under study.
Keywords: sugar cane residual bagasse, physical morphology, Lead (II), interaction, kinetics.

Resumen
El objetivo del presente trabajo fue evaluar el efecto de la dosis de adsorbente en la remoción de plomo (II) presente en solución
sintética usando bagazo de caña de azúcar (Saccharum officinarum). El biomaterial fue caracterizado antes y después de la
remoción por análisis FTIR el cual reportó la presencia de grupos funcionales hidroxilo, carboxilo y carbonilo; y análisis SEM
mostrando una superficie porosa en forma de cilindros fibrosos típica de materiales lignocelulósicos, evidenciando que los iones
Pb (II) se adsorbieron en la superficie del adsorbente. Se determinó como la mejor dosis de adsorbente 0,10 g obteniendo 99,68%
de remoción. Los resultados de la cinética fueron ajustados por el modelo de Pseudo primer orden; y la isoterma adsorción que
describió el proceso fue Langmuir determinando que el proceso se da por fisisorción y en monocapa. Se concluye que el bagazo
de caña residual es eficiente para la preparación de adsorbente y se recomienda para la eliminación del ion metálico en estudio.
Palabras clave: bagazo de caña residual, morfología física, Plomo (II), interacción, cinética.

1 Introduction

The discharge of effluents containing heavy metals to
surface water bodies causes environmental problems,
not only because they are toxic, but also resistant
to degradation, bio accumulative in biota at different
trophic levels, and thus contaminate food chains by

bio-magnifying through these (Marimón-Bolívar et
al., 2018; Ávila-Manzanares et al., 2019; Villabona-
Ortíz et al., 2020). Lead enters the water bodies
due to a variety of industrial wastewater such as
paper and pulp, mining, electroplating, lead smelting
and metallurgical finishing, dyeing, storage batteries,
textile and automotive industries (Basu et al., 2017).
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The presence of Pb (II) in plants can cause
leaf necrosis, developmental delay and root growth
(Tejada-Tovar et al., 2015a). Lead ions bioaccumulate
in the bones with a half-life of 20 years, and can
damage the kidneys, liver, brain and nervous system
function, basic cellular processes, the reproductive
system, and due to their enzyme inhibitory effects, it is
a probable carcinogen (Chu et al., 2019; Morosanu et
al., 2017). Pb (II) ions have a high affinity for the thiol
(SH), oxo (= O) and phosphate (PO−3

4 ) groups found in
some enzymes, and also ligands and biomolecules of
the organism and affect the permeability of the organ
membrane and haemoglobin synthesis (Morosanu et
al., 2017).

Lead is on the list of priority pollutants of
the US Environmental Protection Agency (US-
EPA) (US-EPA, 2014); and the World Health
Organization (WHO), established as a maximum
permitted concentration for Pb (II) in water the limit
value of 0.01 mg/L. However, concentrations of up
to 0.735 ppm are currently reported in rivers (Tejada-
Tovar et al., 2018). Thus, different physicochemical
treatments have been applied to decrease the
concentration of lead in effluents and involve chemical
precipitation, reduction, electrochemical methods,
adsorption, ion exchange, adsorption, flotation, reverse
osmosis, coagulation, ultrafiltration, among others
(Kariuki et al., 2017). The most common drawbacks of
adsorption techniques are the high price of adsorbents,
such as activated carbon (Alhogbi, 2017), making
low cost bio adsorbents in adsorption processes, an
alternative to conventional methods; and includes the
use of dead biomass (agricultural by-products such
as fibre, peat and wool) as well as algae, bacteria,
fungi, and among other living biomass (Lawal et
al., 2017). The bio adsorption, takes advantage of
the availability of waste, its low cost, regeneration,
high efficiency, and the capacity of union of the
active centres of the biomass with the heavy metals
thanks to which they are composed of lignin and
cellulose, thus including polar functional groups of
lignin as: alcohols, aldehydes, ketones, carboxylic
groups, phenolics and ether (Obike et al., 2018).

In the removal of lead in solution, various bio-
absorbents such as coffee waste (Alhogbi, 2017),
corn silk (Karimi et al., 2018), peanut peel, plantain
(Vilardi et al., 2018), walnut (Çelebi and Gök, 2017),
orange (Giza, 2017), cucumber (Basu et al., 2017),
have been used among others (Sahmoune, 2019;
Jena and Sahoo, 2017); determining the effect of
parameters such as pH, adsorbent dose, contact time,
temperature and initial concentration, in the removal

of the metal ion, finding that biomaterials of plant
origin have a good performance in the removal of
Lead (II) due to its contact area, lignocellulosic nature,
high adsorption capacity and rapid kinetics (Karimi
et al., 2018; Basu et al., 2017). The processing of
agricultural products often produces large proportions
of by-products. Sugarcane (Saccharum officinarum)
is a plant species belonging to the family of the
poaceae and widely cultivated in tropical areas
of the world, and is mainly composed of lignin
(18%), cellulose (45%), hemicellulose (28%) and few
proteins (6%) ; so in its structure it would have
the presence of carboxylic acids, hydroxyls, esters,
amines, phosphates and alkanes, which would make it
a good precursor for heavy metal adsorbent (Ibraheem
et al., 2018). Cane bagasse is a solid waste generated
in large volumes from the exploitation of sugarcane
cultivation. In Peru about 10 million tons of sugarcane
are produced, of which 30% is bagasse at the end
of the sugar extraction process (Pollack-Velásquez et
al., 2018). In this context, the effect of the dose of
adsorbent on the ability to remove Lead (II) present
in aqueous solution on sugarcane bagasse (Saccharum
officinarum) was studied in this investigation.

2 Materials and methods

2.1 Materials

The sugarcane bagasse was collected from the
province of Huancayo-Peru. Silver Nitrate (Pb(NO3)2)
99.0% LOBA-Chemie brand analytical grade was
used. Sodium hydroxide (NaOH) and Nitric acid
(HNO3) were used to adjust the pH

2.2 Experimental design

A completely randomized DCA experiment design
was used evaluating three levels of adsorbent dose
variation: 0.05; 0.075 and 0.1 g. All experiments were
performed in triplicate

2.3 Biomass preparation and characterization

The biomass was washed to remove impurities and
soluble compounds, then dried at 55 ° C for 72 hours,
until a constant mass was reached; subsequently, it
was ground and sieved using a 1 mm sieve. Sugarcane
bagasse was characterized by FTIR analysis in a range
of 4000-400 cm−1 using a Perkin Elmer Frontier
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Dual-Range spectrometer, to establish the presence of
functional groups present in the material that actively
participate in the process of metal ion removal. SEM
analysis was also performed for the morphological
characterization of biomass, using a Hitachi SU8230
SEM scanning electron microscope with 100 and
500 µm magnifications.

2.4 Adsorption essays

Adsorption tests were performed by placing 50 mL
of solution at 50 ppm in contact with the adsorbent
of 2 g/L at room temperature, with a stirring of
180 rpm, pH 5 for 40 min. Removal efficiency (%) was
determined according to equation 1 (Villabona-Ortíz
et al., 2020).

Removal percentage (%) =
Ci −C f

Ci
∗ 100 (1)

where Ci represents the initial concentration and C f
the final concentration in ppm.

The absorption capacity was determined according
to equation 2.

qe =
(C0 −Ce)V

M
(2)

where C0 and Ce are initial and equilibrium
concentrations in ppm respectively; V stands for the
solution volume in L, M the adsorbent mass in g and qe
is the adsorbate concentration in equilibrium in mg/g.

The concentration of residual Pb (II) in
solution was determined by atomic absorption
using an AGILENT AA 280FS Atomic Absorption
Spectrophotometer.

2.5 Bio adsorption kinetics

The adsorption kinetics provides information on the
time in which the adsorbent material manages to
retain the maximum amount of solute (the adsorption
equilibrium time) (Adamu et al., 2018). 0.1 g of
biomass was contacted with 50 mL of solution at
150 ppm of Pb (II) at pH 5, 150 rpm of stirring;
Aliquots were taken every certain period of time (5,
10, 15, 20, 30, 40, 50, 60, 80, 100 and 120 min). The
concentration of Pb (II) remaining in the solution was
determined by atomic absorption at 217 nm. The data
obtained were adjusted to the kinetic models described
in Table 1.

2.6 Adsorption isotherms

The adsorption isotherms were performed with the
aim of describing the balance of the Lead split
between the solid and liquid phases. To accomplish
the isotherms, 0.1 g of bio adsorbent was placed
in contact with 50 mL of contaminant solution at
different concentrations (25, 50, 75, 100 and 125 ppm),
pH 5 and 180 rpm for 25 min (Ma et al., 2018).
The isothermal data obtained were adjusted to the
Langmuir and Freundlich models, described in Table
2.

Table 1. Kinetic adsorption models.
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Table 2. Adsorption isotherms models.

2.7 Statistical analysis

The experimental data were evaluated by the statistical
software MINITAB 18. A completely randomized
DCA design was developed, choosing as independent
variable: amount of biomass and as dependent
variable: removal capacity (% removal) and to
determine significant differences between the means
used a unidirectional ANOVA (analysis of variance)
followed by the Tukey’s means test. with a P-value
<0.05.

3 Results and discussion

3.1 FTIR analysis

According to the spectrum shown in Figure 1,
the sugarcane bagasse biomass has a heterogeneous
and multiple surface reflected in the absorbance
spectrum with multiple peaks. The vibration of
the 3438.8 cm−1, 3448.13 and 3429.4 cm−1 peaks
confirms the streaching of hydroxyl and amines,
and presence of alcohol and ether functional groups,
respectively, present in the lignin and cellulose
structure (Adamu et al., 2018). The 1595.0 cm−1 peak
corresponds to the C = C carboxylic group, known
as aromatic rings, and the 1630 cm−1 band belongs
to the stretching of the amide (C = O) characteristic
of the peptone (Marimón-Bolívar et al., 2018). The
band 1141.8 cm−1 represents the phenolic groups
(C−O and O−H) (Basu et al., 2017; Lawal et al.,
2017). The presence of these functional groups in the
structure of cane bagasse is attributed to the presence
of cellulose, hemicellulose, pectin and lignin, typical
of lignocellulosic materials, and are branched or linear
long chain polymers.

Fig. 1. FTIR spectrum of sugarcane bagasse (BCA)
before and after the adsorption process of Pb (II).

They are present in cell walls of plants and are
primarily responsible for the adsorption of metal ions
(Cruz et al., 2018; Tejada-Tovar et al., 2015b). After
lead adsorption many changes are shown in the FTIR
spectrum; the peak between 3200-3600 cm−1 has
been relocated which implies the widening of the
O−H and N−H groups at the metal junction. The
vibrations at 2952.61 cm−1 and 2880.54 cm−1 confirm
the participation of carboxylic acid and alkanes, in the
uptake of the ion present in the solution. The peak was
reallocated to 1435.98 cm−1 to 1437.58 cm−1 after
adsorption. The displacement of the wave number
located at 1323.87 cm−1 indicates the participation
of the carboxyl and hydroxyl group in the process
of metallic union with the active centres of the
biomass. The association of P = O and C = S in
the adsorption process is evident by the transfer of
the peak at 1240.59 cm−1. Stretch vibrations C = S
and S = O have also changed from 1165.32 cm−1 to
1162.12 cm−1. Which suggests an active participation
of the functional groups present in the cane bagasse in
the process of metallic uptake, through chemical bonds
(Tejada-Tovar, 2019).
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Fig 2. SEM 400 um (a) microphotographs; and 100 um (b) before adsorption.

Fig. 3. SEM micrographs of the BCA after the
adsorption process of Pb (II).

3.2 Electron microscopy (SEM)

The SEM analysis of Figure 3 shows an irregular and
porous structure of the sugarcane bagasse; as well as a
heterogeneous structure with a laminated appearance,

allowing a better heterogeneous biosorption due to
the large adsorption surface (Canlas et al., 2019).
A defined appearance was observed in the form
of fibrous cylinders with porosity that is typical of
lignocellulosic materials (Jena & Sahoo, 2017).

Figure 3 shows the SEM micrographs for biomass
after batch adsorption experiments. It was found that
Pb (II) ions were adsorbed on the surface of the
SCB following an electrostatic attraction mechanism
(Medellín-Castillo et al., 2017; Marimón-Bolívar et
al., 2019). Likewise, it is observed that there are
no agglomerations of the ion on the surface of
the adsorbent, so it is assumed that there was no
formation of micro precipitated complexes or chelates
on the sample (Medellín-Castillo et al., 2017; Torres-
Santillán et al., 2018).

The spectrogram and elementary composition of
the SCB obtained by EDS is shown in Figure 4.
The presence of heavy metal ion precipitation on the
adsorption surface was identified with a mass weight
percentage of 0.93% for the adsorbent under study.

Fig. 4. EDS spectrum of the SCB after adsorption of
Pb (II).
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Such results are attributed to the formation of
bonds between active sites of lignocellulosic material
(Figure 1) and ions. In addition, it was found that C
and O are the most abundant elements with 54.42%
and 45.52%, respectively; what is due to the presence
of active sites without saturation when taking the
sample. The above, shows a good indicator regarding
the capacity of elimination of bio-adsorbents and reuse
of the material (Tejada-Tovar et al., 2019).

3.3 Effect of the adsorbent

The cations in the solution can be adsorbed on
the surface of the material due to electrostatic
forces, forming complexes and chelates. Once these
compounds are formed, they migrate more easily
through the adsorbent (Narkar & Bera, 2017). Thus,
Table 3 shows the data on the removal of Pb
(II), the assessment had three repetitions and was
evaluated by completely randomized design (DCA),
using the software MINTAB 18, which showed a p-
value 0.05, existing a significant difference between
the three adsorbent weights (0.05; 0.075 and 0.1 g);
establishing that the increase in the adsorbent dose has
a positive linear impact on the adsorption percentage,
reaching adsorption efficiencies greater than 99% and

an adsorption capacity on the surface of the cane
bagasse of 12.46 mg/g.

In Table 3 it is observed that as the adsorbent
dose increased from 0.05 to 0.1 g, the adsorption
capacity decreased from 24.04 to 12.46 mg/g; This
is explained because the surface area and availability
of active sites of the biomaterial is proportional to the
amount of adsorbent in contact with the contaminated
solution. However, with a high amount of adsorbent
the available ions of Pb (II) are insufficient to cover
all adsorption sites, as well as the agglomeration of
active sites, which results in low adsorption of the
metal (Tatah et al., 2017).

Table 4 shows values of Pb (II) removal reported
by different authors, regarding the capacities and
percentages of removal.

3.4 Adsorption isotherms

The adsorption isotherm represents the affinity of the
adsorbent with the adsorbate (Leizou et al., 2018). The
adjustment of the experimental adsorption equilibrium
data of the Pb (II) ions is shown in Figure 3. The
parameters of the isothermal models were evaluated
by non-linear regression and are shown in Table 4.

Table 3. Percentage of lead (II) ions removal in synthetic solution.

Table 4. Comparison between adsorption capacities and percentages.
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Table 5. Parameters of the adsorption isotherm of Pb
(II).

Fig. 5. Fit of the models to the adsorption isotherms of
Pb(II).

From Figure 3 and the values of the parameters
reported in Table 4, it is established that the model
that best adjusts the lead adsorption balance is that
of Langmuir, which suggests that the surface of
the adsorbent is uniform, all sites of adsorption
are equivalent, adsorbed molecules do not interact,
adsorption occurs through the same mechanism and
that in maximum adsorption only a monolayer is
formed where adsorbate molecules are not deposited
on others already adsorbed (Basu et al., 2017;
Mohammad-Rezaei and Jaymand, 2019). The above
can be attributed to the homogeneous distribution of
the binding sites in the adsorbents (Tatah et al., 2017).
The affinity of the metal for the adsorbent surface in
terms of parameter b was low, which implies a low
surface energy in the process and, consequently, a
weak bond between the metal ions and the adsorbent
(indicating a physic-sorption mechanism) that marks
the recovery of metal ions through easy desorption,
which is an important criterion for selecting an
adsorbent (Verma and Sarkar, 2018; Zhou et al.,
2017). Based on the Langmuir isotherm, the maximum
adsorption capacity (qmax) of Pb (II) was estimated at
37.883 mg / g, which is close to the results obtained
using coffee residues (37.037 mg/g) (Alhogbi, 2017),

and significantly higher than those obtained with tea
residues (21.395 mg/g) (Nikolic et al., 2019).

The Freundlich parameter n, associated with the
adsorption intensity shows the types of process. The
value of n> 1 indicates that the adsorption is physical
in nature, the process is chemical in nature if the values
of n are <1, also that the bonds formed between the
ion and adsorbent are strong, and that the process
adsorption is favourable (Nikolic et al., 2019). Thus,
from the values obtained from n it can be inferred
that the accumulation of the contaminant on the solid
surface is of a physical nature (Singh et al., 2018; Ray
et al., 2018).

3.5 Adsorption kinetics

The kinetic study is carried out in order to know
the behaviour of the adsorption process over time.
Figure 4 shows the adjustment of the data obtained in
the adsorption tests and the adjustment to the kinetic
models of Pseudo-first order, Pseudo-second order and
Elovich, observing rapid adsorption during the first
minutes and stabilization after 40 min.

The fit parameters of the models used were found
by non-linear adjustment and are shown in Table 3.
It was found that the pseudo-first order model best
describes the adsorption kinetics of Pb (II), according
to the coefficient of correlation obtained and the
adjustment presented in Figure 4. The adjustment to
this model establishes that the process is controlled by
physic-sorption and describes the rate of chelation of
pectin (Chu et al., 2019; Villegas-García et al., 2011).

Table 6. Calculated parameters of adsorption kinetics.
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Fig. 6. Fit to the kinetic models.

However, the pseudo-second order model also
presented a good fit, which states that the metal ion
can be adsorbed by two active biomass sites. From
the value of the constant k2 it is shown that the initial
sorption rate for Pb (II) is low, thus, also achieving a
low adsorption efficiency. Likewise, the Elovich model
also presented a good adjustment according to the
sum of errors of 0.0071, the correlation coefficient of
0.9023 and the parameter α of 1749.37 mg/g min,
therefore, it can be said that the adsorption of Pb
(II) takes place inside the pores of the particles of
bio adsorbent materials considering the heterogeneity
of the active sites of the adsorbent found in the
FTIR spectrum of Figure 1, so they exhibit different
activation energies throughout the adsorption process
(Doke and Khan, 2017; Celebi et al., 2017).

Conclusions

From the FTIR analysis, the presence of functional
groups characteristic of lignocellulosic materials was
established, which are responsible for the capture of
metal ions. From the adsorption tests it was found
that the adsorbent dose proportionally influences the
adsorption efficiency and a high affinity of the bio
adsorbent for the metal ion was demonstrated reaching
a removal rate of 99.68% and an adsorption capacity
of 12.46 mg/g. The experimental data were adjusted
to the kinetic model of Pseudo - first order and that
of Langmuir isotherm, and a maximum adsorption
capacity 37.883 mg/g determining that the process
is controlled by physic-sorption and is given in
monolayers. It is concluded that residual cane bagasse
is efficient for the elimination of Lead (II) present in
aqueous solutions.
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Nomenclature

qe: adsorption capacity in equilibrium
qt: adsorption capacity in a t time
k1: Pseudo-first order constant
k2: Pseudo-second constant
T: Time
α: adsorption velocity
β: constant related with the scope of the

surface coverage and activation energy
in chemisorption

qmax: maximum amount of adsorption in the
adsorbent

SCB: Sugarcane bagasse
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