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Abstract

The disposal of industrial effluents containing copper (Cu?*) ions into water bodies can have a negative impact on human
health and the environment, requiring removal prior to waste disposal. Among the techniques used to remove metals from
effluents, the adsorption stands out due to its simplicity and possibility of using agricultural residue as adsorbent precursor.
The present study evaluates the adsorptive capacity of pineapple crown biochar in the removal of Cu?* in aqueous solution
through kinetic, equilibrium and thermodynamic studies of the adsorptive process. Kinetic evolution was rapid in the first
minutes, reaching equilibrium around 180 minutes. The pseudo-second order model was the best fit to the obtained data.
Langmuir's model better represented the experimental data. The maximum adsorptive capacity was 0.95 £ 0.30 mmol-g°
!, Thermodynamic study indicated physisorption process. The results demonstrated the potential of pineapple crown

biochar for the adsorption of aqueous solutions Cu?*.
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1. Introduction

Industrial waste, without proper treatment, when
disposed of in water bodies can cause environmental
contamination and disease in living beings [1].
Among the pollutants frequently present in
industrial effluents are heavy metals, such as copper,
a substance listed by the Agency for toxic
substances and disease registry (ATSDR) amongst
the 785 most dangerous in the world [2].

In Brazil, the Resolution of the Conselho
Nacional do Meio Ambiente (CONAMA) N°
430/2011 establishes the maximum content of
copper (Cu?*) ions in effluents to be discharged into
water bodies of 1.0 mg-L™* [3].

The removal of this metal in effluents can be
accomplished by the following methods: chemical
precipitation, ultrafiltration, ion  exchange,
electrochemical treatment and adsorption [4].

Among these, adsorption is considered efficient
in removing metals from effluents. It stands out for
its simplicity of design, low initial investment, high
efficiency for low concentration metal removal. (=
100 mg-L1), and the possibility of using residues as
a precursor to obtain the adsorbent, making the

process even more attractive from an environmental
point of view [5].

Among the residues that can be used as precursors
to obtain adsorbents, agroindustrial ones stand out
for their high carbon content [6]. Brazil is one of the
largest pineapple producers in the world with a
residue generation (crown, stems and cylinder) of
65% from the total fruit. The pineapple crown is
considered as waste by the juice pulp industries and
can be used as a precursor material [7].

Given the above the objective of this work was to
prepare biochar from the pineapple crown (BCA)
for removal of Cu?* in aqueous solution. The kinetic
and equilibrium studies were performed, with an
adjustment of the models in their nonlinearized
forms, and the thermodynamic survey.

2. Metodology

The pineapple crown (CA) was washed, dried at
105°C in an oven (Splabor) and ground in a knife
mill. Subsequently, the material was carbonized in a
muffle furnace (Chimis) using a heating ramp from
10°C-min‘* to 100°C (30 min), them to 200°C (1 h)
and finally to 350°C (1 h). The prepared adsorbent
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was called biochar from the pineapple crown (BCA)
and classified in 0.090 mm particle size.

The Cu?" ions concentration was quantified by
Flame Atomic Absorption Spectrophotometry
(Varian, SpectrAA 220 FS). An analytical curve
whit a linear working range of 1 to 280 mg-L*
(0.016 to 4.4 mmol-LY) was built at 222.6 nm
wavelength, limit of detection of 0.4 mg-L* (0.007
mmol-L?), limit of quantification 1.0 mg-L™ (0.016
mmol-L?), correlation coefficient of 0.99 and
coefficient of variance of 4.27%. The adsorptive
capacity (ge) was calculated.

The adsorptive process was carried out in finite
bath at 25.0 + 2.0°C, using 125 mL Erlenmeyer
flasks that were stirred in a controlled manner (KS
130 control, IKA).

Kinetic, equilibrium and thermodynamic studies
were performed under the experimental conditions
determined at the preliminary test (0.1 g of
adsorbent in contact with 50 mL of solution, pH 4.0
and 200 rpm).

2.1. Kinetic study of the adsorptive process

The kinetic study was performed using 0.1 g of
the adsorbent in contact with Cu®* solutions at
concentrations of 0.05, 0.20, 0.50, 1.00 and 1.50
mmol-L?, in the time interval from 0 to 300 min.
The pseudo-first order (PFO) (Equation 1) and
pseudo-second order (PSO) (Equation 2) kinetic
models were fitted to the experimental data:
=y (qe — q¢) (1)

t
2 = ky(qe — q0)? )
t
in which: ki, the pseudo-first order adsorption
constant (min?); k. is the pseudo-second order
adsorption rate constant (g-mmol=*-min’t); ge and g
are the adsorptive capacity at equilibrium and time
(mmol-g™) respectively, and t is the time (minutes).

2.2. Adsorption equilibrium study

For the construction of the adsorption isotherm,
the data obtained from the equilibrium kinetic study
were used. The isotherm models used were
Langmuir (Equation 3) and Freundlich (Equation 4).

— 9max K1Ce (4)

e 14+K1.Ce

qe = Kp(Co)'/n 5)

in which: gmax is the maximum adsorptive capacity
(mmol-g?); Ky, is the Langmuir isotherm constant,
which represents the affinity between adsorbent and
adsorbate (L-mmol?); C., is the adsorbate
concentration at equilibrium (mmol-L?); K is the
Freundlich constant indicating the adsorption
capacity of the adsorbent (L*"-g - mmol**"); and n
indicates the efficiency of the adsorption process.

2.3. Thermodynamic Study

The thermodynamic study was performed at the
temperatures of 303, 318 and 333 K, in the
concentrations 0.2; 0.5; 1.1; 1.5; 2.0; 2.6; 3.0and 4.7
mmol-L* of the Cu?* solution. The thermodynamic
parameters enthalpy (AH®), entropy (AS°) and
adsorption heat (Q) were calculated.

3. Results and Discussion
3.1. Kinetic study in the adsorptive process

The kinetic study is one of the main parameters
analyzed in the adsorptive process. Since, predicting
the rate of removal of pollutants, establishing
dependence over time and reveals the controlling
mechanism of the adsorptive process [8]. The
kinetic evolution curves of Cu?* in contact with the
BCA are present in Figure 1.
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Fig. 1. Kinetic evolution of Cu?" using the BCA.
Conditions: 0.1 g in 50 mL of solution, Co = 0.05 -
1.50 mmol-L*; pH= 4.0 e 200 rpm.

It can be seen in Figure 1 that at the lowet
concentrations (0.05 e 0.20 mmol-L*) adsorption
was rapid, possibly due to the number of active sites
being greater than the number of ions present in the
solution. At the highest concentrations, adsorption
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was rapid in the early times, reaching equilibrium at
120 minutes.

The parameters of the PFO and PSO models were
used to describe the Cu?* ion adsorption kinetics and
are presented in Table 1.

Table 1. Kinetic parameters for PFO and PSO
models for Cu®* ion adsorption by BC.
PFO

Co Qe(exp) Qe(calc) k SR? R?
0.05 0.02 0.02 0.70 0.09 0.96
0.2 0.07 0.07 1.30 0.26 0.99
0.5 0.16 0.20 1.34 4,73 0.98
1.0 0.33 0.29 0.30 120.7 0.86
15 0.43 0.37 0.15 314.7 0.81
PSO
0.05 0.02 0.02 0.90 0,06 0.98
0.2 0.07 0.07 1.40 0.22 0.99
0.5 0.16 0.16 0.34 3.91 0.98
1.0 0.33 0.31 0.014 7144 0.92
15 0.43 0.40 0.005 140.2 0.91

According to Table 1, the values of Qeexp and
Oecalc) @pproximate for all concentrations in both
models. The linear regression coefficients (R?)
ranged from 0.81 to 0.99 for the PFO model and 0.91
to 0.99 for the PSO model. The PSO model
presented a lower SR? variance, indicating that this
model better represented the Cu?* ion adsorption,
expressing that the adsorption rate is not
proportional to the solute concentration in
agreement with Boundati et al. [9].

The PSO model also better represented the Cu?*
adsorption using maize silk reported by Petrovi¢ et
al. [10].

3.2. Adsorption equilibrium study

The adsorption isotherms and nonlinear
adjustments of the Langmuir and Freundlich models
are presented in Figure 2 for the kinetic data
corresponding to the 120 minutes time test when the
system reaches equilibrium.

According to Figure 2, both models represent the
interaction of adsorbent with Cu?* ion. This can be
verified through the parameters of the models (Table
2).
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Fig. 2. Cu*" adsorption isotherm using BCA.
Conditions: 0.1 g in 50 mL of solution, Co = 0.2 to

4.7 mmol-L*%, pH= 4.0, 120 min. and 200 rpm.

Table 2. Parameters calculated for the equilibrium
isotherm models.

Model Parameters Values
Qe(cale) (Mmol-gT) 095+0.3
Langmuir K (L-mmol?) 2+1
SR? 0.003
R? 0.98
Ke (LY"-gt- mmol*¥™)  0.78 £ 0.08
. n 15+0.1
Freundlich SR? 0.002
R? 0.98

According to Table 2, it can be seen that the
values of the correlation coefficients (R2) and the
residuals left by the models (SR2) are similar
indicating that the studied models describe the
evaluated adsorptive process. This behavior can be
attributed to the fact that the concentration of
adsorbate was not sufficient to occupy the available
sites.

The adsorptive capacities found in this work were
compared with those presented in the literature
(Table 3). In order to compare the values obtained in
this work the maximum adsorptive capacities were
converted to mmol-g2.

Table 3. Comparison of the results obtained for Cu?*
ions by BCA with the literature.

Co t Omax

P Auth
recursor (mmol-L1) (min) (mmol-g?) vhors
Comsilk 378 120  0.23 [8]
Peat moss 6.29 240 0.40 [10]
Pomegran
ate peel 079 120 032 [11]
BCA 149 120  0.73 This

study
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According to Table 3, the maximum adsorptive
capacity (qmax) of the BCA was higher than those
obtained in the literature for similar equilibrium
time. Comparing with the works of Petrovi¢ et al.
[10] and Lee et al. [11], this work even with lower
Co, Obtained better adsorptive results.

3.2. Thermodynamic study

Adsorption isotherms at temperatures 303, 318
and 333 K are shown in Figure 3.
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Fig. 3. Adsorption isotherms for Cu?* by BCA at the
temperatures of 303K, 318K and 303K.

From the Langmuir model fit to the experimental
data of the three temperatures, the values of the
adsorption equilibrium constants were obtained.
From the slope of the In(KL) versus T- plot it was
possible to obtain the adsorption heat (Q) equals a
20.9 kJ-mol?, (enthalpy) AH° equals to 14.20
kJ-mol* and entropy (AS°®) equals to 0.05 kJ-kmol ™.
The values obtained through the linear adjustments
indicate that the process has a physical nature and
there is the possibility of structural changes in the
adsorbent/adsorbate ratio as according to Fito,
Tefera and Hulle [12] and Piccin et al [13].
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