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ABSTRACT

This study presents removal of crystal violet (CV) dye from aqueous solutions using solid
food waste, avocado kernel seed powder (ASP). ASP was used in the native form for
biosorption study. The effects of different experimental conditions such as pH of the solu-
tion, initial dye concentration, contact time, and temperature were investigated using batch
study. Maximum removal of CV (95.9 mg g−1) by ASP (100 mg) was observed at pH 7 and
55˚C. The kinetics data were evaluated using pseudo-first-order, pseudo-second-order, and
general-order kinetic adsorption models. The general-order kinetic adsorption model gave
the best description of the biosorption kinetic of CV onto ASP biosorbent. Similarly, the
intraparticle diffusion plots showed three linear portions during biosorption process.
Freundlich, Langmuir, and Liu models were used to analyze the isothermal data; Liu
equilibrium model gave the best fit of the isothermal data of CV biosorption onto ASP. The
calculations from thermodynamic studies showed that CV biosorption onto ASP was an
exothermic process and a feasible process. The combined data showed that avocado seed
powder could be efficiently utilized for the treatment of dyes-rich wastewaters.
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1. Introduction

Industrial developments, as a result of population
growth and urbanization, have led to an increment in
environmental pollution. A number of industries such
as textile industries utilize dyes for coloring their
products. It is imperative to treat the industrial waste

effluents emanating from textile industries before
being released into the environment [1–3]. Synthetic
dyes and pigments constitute nuisance to the environ-
ment. Presence of dyes in the aquatic environment
does not only cause offensive coloration, but also
affects plants growth and development by impeding
their photosynthetic rate [4,5]. Synthetic dyes are non-
biodegradable, toxic, mutagenic and carcinogenic, and
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can also induce skin cancer and allergies even at low
concentrations [6,7]. To alleviate environmental dam-
ages and improve water quality, a lot of techniques
have been recently employed to remove hazardous
dyes from waste effluents [8,9].

Techniques such as electrochemical [10], biological
treatment [9], solvent extraction [11], oxidation [12],
and adsorption [13] have been used to remove dyes
from aqueous effluents. However, the most preferred
method for wastewater treatment is the adsorption
technique because of its simplicity, rapidness, effec-
tiveness, cheapness, and availability of low-cost adsor-
bents [14–16]. Activated carbons have been widely
used for treatment of industrial wastewaters [17,18],
but the usage of activated carbons has some limita-
tions such as the cost of producing activated carbon,
industrial scale application, regeneration difficulty and
reduction in adsorption efficiency of regenerated acti-
vated carbon [19,20]. Attention has been shifted to the
usage of eco-friendly and low-cost materials [21,22].
These materials possess high carbon content, but low
inorganic content. They are obtainable from variety of
agricultural by-products that are cheap, abundant, and
nontoxic [1,15,21,22] and can be utilized as alternative
biosorbents for the removal of several dyes from
aqueous solutions.

Fruit husks, fruit seeds, and fruit peel, among
others are agricultural wastes that can be used as
biosorbents in their native forms [23]. The kernel of
avocado (Persea americana), which is discarded in the
garbage after consumption, is about 10–13% of the
fruit [23]. At present, Brazil occupies the seventh
position in the world in the production of avocado—
producing 152,181 tons of avocado [24]. The current
production of avocado in Brazil generates ca
15.2–19.8 tons of kernel (a waste). Therefore, it is
necessary to utilize this waste to avoid environmental
problems that may be associated with the decomposi-
tion of the waste. Degradation of avocado kernel
could result in accumulation of unwanted chemicals
and microbial growth. Therefore, the use of avocado
kernel for wastewater decontamination (removal of
dyes) is economical and eco-friendly.

Crystal violet (CV) is used to add color to paper,
and it is a component of inks for printing and pens
[21]. Also, it is used to add color to products such as
fertilizers, anti-freezes, detergents, and leather [22].
CV is used as histological stain, particularly in Gram’s
method for classifying bacteria [21,22]. Due to its
usage in different industrial applications, various
adsorbents have been used to remove CV from aque-
ous solutions [21,22,25–34].

Based on the context of using biomass as biosor-
bent and that there is a need to remove dyes from

aqueous effluents, the use of avocado seeds powder
(ASP) as biosorbent for removal of CV dye from
aqueous solutions is proposed in this study.

2. Materials and methods

2.1. Solutions and reagents

Analytical grade reagents were used throughout
this study. Deionized water was used to prepare all
experimental solutions. The initial pH of each solution
was adjusted with a 0.10 mol L−1 NaOH, a
0.10 mol L−1 HCl, or both using a pH-meter (Digimed
Model DM 20, Brazil). All experiments were carried
out in triplicate.

The analytical grade CV, a cationic dye, (C.I. Basic
Violet 3; C.I. 42555; molecular formula C25H30N3Cl;
407.99 g mol−1; λmax 583 nm) was purchased from
Sigma Chemical Co., USA. The structural and opti-
mized three-dimensional formulae of CV are shown in
Fig. 1. The stock solution (2,000.0 mg L−1) was pre-
pared by weighing and dissolving an accurate mass of
the dye in deionized water. The working solutions
were prepared by diluting the stock solution of the
dye.

2.2. Biosorbent characterization

Avocado fruits (P. americana) were purchased from
a local market. The seeds of fresh avocado fruits were
removed manually. The collected fruits were washed
with tap water to remove dirt, then deionized water,
and dried in an oven at 75˚C for 24 h. Afterward, the
seeds were crushed and sieved through a 250-μm
sieve to obtain ASP. The ASP was stored in a glass
bottle until use.

The specific surface area of ASP was determined
using the Brunauer, Emmett, and Teller (BET) multi-
point model, obtained by the N2 adsorption technique
using a Tristar Krypton 3020 Micromeritics equipment.
Prior analysis, a 200.0 mg of ASP was degassed at
150˚C for 3 h in a vacuum. The N2 isotherms were
carried out at −196˚C [35].

Point zero charge (pHzpc) of the biosorbent was
determined using a reported procedure [15]: a
20.00 mL of 0.050 mol L−1 NaCl solution was added to
different 50-mL Falcon tubes containing a 50.0 mg of
the adsorbent, and were capped immediately. The pH
(pHi) values of the solutions were adjusted from 1.0 to
9.0 using a 0.10 mol L−1 of HCl and or 0.10 mol L−1

NaOH. The suspensions were stirred and equilibrated
in a thermostatic shaker at 25˚C for 48 h. Thereafter,
the suspensions were centrifuged at 10,000 rpm for
10 min. The pHi of the solutions without biosorbent
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and pHf of the supernatant after contact with the
biosorbents were measured and recorded. The value
of pHpzc is the point where the plot of ΔpH
(pHf − pHi) vs. pHi crosses a line equal to zero [15].

The functional groups of ASP were assessed using
Fourier transform infrared spectroscopy (FTIR)
(Shimadzu Spectrometer, IR Prestige 21, Kyoto, Japan).
For FTIR analysis, a 10.0 mg of ASP and a 100.0 mg of
KBr were dried at 120˚C for 8 h, stored in capped
flasks and kept in a desiccator before FTIR analysis.
The spectra were obtained with a resolution of 4 cm−1

with 100 cumulative scans.
Scanning electron microscopy (SEM) (JEOL elec-

tron microscope, model JSM 5800, with working volt-
age 10 kV at 350–400× magnification) was used to
probe the surface morphology of native ASP.

Thermogravimetric (TGA) and derivative thermo-
gravimetric (DTG) curves were obtained on a TA
Instruments, model SDT using the following experi-
mental conditions: initial temperature, 25˚C; final tem-
perature, 850˚C; mass of biosorbent, 3.00–10.00 mg;
heating rate of 10˚C min−1 and nitrogen flow of
100 mL min−1 [36].

2.3. Batch biosorption study

The optimizations of experimental parameters for
biosorption of CV by ASP were performed using a
25.0 mL of CV solution (initial concentration of
25.0 mg L−1), contact time (3.0–360.0 min), biosorbent
dosage (100 mg/25.0 mL), pH values (2.0–10.0), and
temperature (15–55˚C). For biosorption equilibrium
studies, a fixed amount of ASP (100.0 mg) was placed
in different 50.0-mL flat Falcon tubes containing
25.0 mL of dye solutions. After equilibrium was
reached, each of systems was centrifuged to separate
the biosorbent from the liquid phase, and the unad-
sorbed dye in the solution was determined using a
UV–vis spectrophotometer (T90 + PG Instruments
spectrophotometer) with 1.0 cm path length cell.
Absorbance values were determined at a maximum
wavelength (λmax) of 583 nm of CV.

The amount of dye removed by ASP was evalu-
ated using Eq. (1), while the corresponding percentage
of removal was calculated using Eq. (2).

q ¼ ðCo � Cf Þ
m

� V (1)

% Removal ¼ 100� ðCo � Cf Þ
Co

(2)

where q is the amount of dye removed by the biosor-
bent (mg g−1), it is also known as biosorption capacity;
Co is the initial CV concentration in contact with the
biosorbent (mg L−1); Ce is the CV concentration
(mg L−1) after the batch biosorption; m is the mass of
biosorbent (g) and V is the volume of dye (L) in
contact with the biosorbent.

2.4. Quality assurance and statistical evaluation of models

To ensure that the experimental data are repro-
ducible, all experiments were carried out in triplicate.
The relative standard deviations of all measurements
were <5% [37]. Blanks were run in parallel and
corrected when necessary [37].

The CV solutions were stored in glass bottles,
which were precleaned by immersing in 1.4 mol L−1

NN
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Fig. 1. (A) Structural formula of CV dye and pKa values of
each group and (B) optimized three-dimensional structural
formula of CV dye. The physicochemical properties of the
molecule were calculated using MarvinSketch (version
14.9.22.0). Van der Waals surface area = 585.65 A2 (pH
6.00–14.00); polar surface area = 9.49 A2 (pH 6.00–14.00);
dipole moment = 82.57 Debye.
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HNO3 for 24 h [37], rinsing with deionized water,
drying, and storing them in a closed cabinet.

Standard dye solutions (1.00–12.0 mg L−1), in paral-
lel with a blank (aqueous solution, which is a function
of pH of the dye solution being measured), were used
for calibration. The linear analytical calibration curve
was performed on the UV–Win software of the
T90 + PG Instruments spectrometer. All analytical
measurements were carried out in triplicate, and the
precision of the standards was better than 3% (n = 3).
The detection limit of CV dye was 0.020 mg L−1 with a
signal/noise ratio of three [38]. A 5.00 mg L−1 of stan-
dard dye solution was used as a quality control after
every five determinations to ensure accuracy of the
CV dye solutions [37].

To fit both kinetic and equilibrium data, the data
were subjected to nonlinear methods with successive
interactions calculated by the Levenberg–Marquardt
method. Similarly, interactions were computed using
Simplex method based on the nonlinear fitting facili-
ties of the Microcal Origin 9.0 software. The fitness of
each model was evaluated using a determination
coefficient (R2), an adjusted determination coefficient
(R2

adj) and the Function error (Ferror) [39,40]. Ferror is a
measure of the differences between the theoretical and
experimental amounts of dye adsorbed. Eqs. (3)–(5)
show the mathematical relationship of R2, R2

adj and SD,
respectively.

R2 ¼
Pn

i qi;exp � �qexp
� �2�Pn

i qi;exp � qi;model

� �2Pn
i qi;exp � �qexp
� �2

 !
(3)

R2
adj ¼ 1� 1� R2

� � � n� 1

n� p� 1

� �
(4)

Ferror ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

n� p

� �
�
Xn
i

qi;exp � qi;model

� �2s
(5)

In Eqs. (3)–(5), qi,model is the individual theoretical q
value predicted by the model; qi,exp is the individual
experimental q value; �qexp is the average of experimen-
tal q values; n is the number of experiments; p is the
number of parameters in the fitting model [39,40].

2.5. Kinetic models

Rate law’s exponents of chemical reactions are
mostly independent of the coefficients of chemical
equations, but related sometimes. It means that the
order of a chemical reaction depends on the experi-
mental data. To establish the general rate law equation

for biosorption, the biosorption process on the surface
of biosorbent is considered to be the rate-determining
step [41,42]. Attention is now focused on the change
in the effective number of active sites at the surface of
biosorbent during biosorption instead of concentration
of adsorbate in bulk solution. Applying reaction rate
law to Eq. (6) gives biosorption rate expression.

dq

dt
¼ kNðqe � qtÞn (6)

where kN is the rate constant; qe is the amount of
adsorbate adsorbed by adsorbent at equilibrium; qt is
the amount of adsorbate adsorbed by adsorbent at a
given time, t; n is the order of biosorption with respect
to the effective concentration of the biosorption active
sites present on the surface of biosorbent. Application
of universal rate law to biosorption process led to
Eq. (6), which can be used without assumptions. Theo-
retically, the exponent n in Eq. (6) can be an integer or
non-integer rational number [41,42].

Eq. (7) describes the number of the active sites (θt)
available on the surface of biosorbent for biosorption
[41,42].

ht ¼ 1� qt
qe

(7)

Eq. (8) describes the relationship between the variable
(θt) and rates of biosorption.

dht
dt

¼ �khnt (8)

where k = kN(qe)
n−1.

For an unadsorbed biosorbent θt = 1, which
decreases during biosorption process. θt approaches a
fixed value when biosorption process reaches equilib-
rium. For a saturated biosorbent, θt = 0 [42].

Eq. (8) gives Eq. (9).

Z h

1

dht
hnt

¼ �k

Z t

0

dt (9)

Similarly, Eq. (9) gives Eq. (10).

1

1� n
� h1�n

t � 1
� � ¼ �kt (10)

Eq. (10) gives Eq. (11) on rearrangement.
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ht ¼ 1� k 1� nð Þ � t½ �1=1�n (11)

Substituting Eq. (7) into Eq. (11), and put k = kN(qe)
n−1,

Eq. (12) is obtained.

qt ¼ qe � qe

kNðqeÞn�1 � t � ðn� 1Þ þ 1
h i1=1�n

(12)

Eq. (12) is the general-order kinetic equation of
biosorption; valid for n ≠ 1 [42].

A special case of Eq. (8) is the pseudo-first-order
kinetic model (n = 1) [41,42].

dht
dt

¼ �k � h1t (13)

Eq. (13) on integration gives Eq. (14).

ht ¼ expð�k � tÞ (14)

Substitution of Eq. (7) into Eq. (14), and put k = k1
gives pseudo-first-order kinetic model (Eq. (15)).

qt ¼ qe 1� expð�k1 � tÞ½ � (15)

Pseudo-first-order kinetic equation is a special case of
general-kinetic model of adsorption.

When n = 2, the pseudo-second-order kinetic
model is a special case of Eq. (12) [43].

qt ¼ qe � qe
k2ðqeÞ � tþ 1½ � (16)

Eq. (16) on rearrangement gives Eq. (17).

qt ¼ q2ek2t

k2ðqeÞ � tþ 1½ � (17)

Eq. (18) is a mathematical expression for the intra-
particle diffusion equation [44].

qt ¼ kid
ffiffi
t

p
þ C (18)

where kid is intraparticle diffusion rate constant
(mg g−1 h−0.5); C is a constant, which is related to the
thickness of boundary layer (mg g−1).

Pseudo-first-order (Eq. (15)), pseudo-second-order
(Eq. (17)), general-order equation (Eq. (12)), and

intraparticle diffusion (Eq. (18)) models were used to
evaluate the kinetics of biosorption of the dye on the
biosorbent.

2.6. Equilibrium models

The following isotherm models were used to
evaluate the equilibrium of biosorption.

Langmuir isotherm model [45].
Eq. (19) shows mathematical relation for Langmuir

model.

qe ¼ Qmax � KL � Ce

1þ KL � Ce
(19)

where qe is the amount adsorbate adsorbed at the
equilibrium (mg g−1); Qmax is the maximum biosorp-
tion capacity of the biosorbent (mg g−1); KL is the
Langmuir equilibrium constant (L mg−1); Ce is equilib-
rium adsorbate concentration (mg L−1).

Freundlich isotherm model [46].
Eq. (20) is a mathematical expression for

Freundlich model.

qe ¼ KF � C1=nF
e (20)

where KF is the Freundlich equilibrium constant
[mg g�1 ðmgL�1Þ�1=nF ]; nF is a dimensionless exponent
of the Freundlich equation.

Liu isotherm model [47].
Eq. (21) shows the Liu isotherm model.

qe ¼ Qmax � ðKg � CeÞnL
1þ ðKg � CeÞnL (21)

where Qmax is the maximum biosorption capacity of
the biosorbent (mg g−1); Kg is the Liu equilibrium con-
stant (L mg−1); nL is a dimensionless exponent of the
Liu equation; Ce is adsorbate concentration at the
equilibrium (mg L−1).

2.7. Simulated dye-house effluents

At pH 7.0, two simulated dye-house effluents that
resemble industrial textile effluents were prepared.
These effluents contained six representative dyes for
fabric colorants and likely secondary chemicals. The
concentrations of the effluent components are given in
Table 1. Between 10 and 60% [13] of synthetic dyes
and almost all the secondary chemicals remain in the
spent dye bath, and their compositions undergo
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between 5-fold and 30-fold dilutions during consecu-
tive washing and rinsing steps [1,13,15,20,35,36,42,48].

3. Results and discussion

3.1. Characterization of the ASP biosorbent

The N2 adsorption/desorption curve of ASP gave
the following textural properties: superficial area
(SBET), 1.75 m2 g−1, and total pore volume,
3.9 × 10−3 cm3 g−1. Fig. 2(A) shows the isotherm of
adsorption and desorption of N2 on ASP. A hysteresis
is observed in the biosorbent material at P/P0 0.7–0.9.
This isotherm is classified as type II, which is a
characteristic of mesoporous material [49]. Fig. 2(B)
presents the pore size distribution of ASP. From this
figure it is visible that mesopore region varies from
2.7 to 37 nm. The low surface area of the biosorbent
agreed with that of lignin cellulosic materials [1,15,31],
but large distribution of the pores in the mesopores
region will facilitate biosorption of CV in the ASP
pores—CV dye has a maximum longitudinal length of
13.3 Å (1.33 nm) (see Fig. 1).

Fig. 3 shows the thermogravimetric profile of ASP
under N2 atmosphere. From 25.5 to 844.5˚C, the final
residual mass is 10.9%. Two decomposition peaks
(55.7 and 318.5˚C) are prominent in DTG curve of
ASP. Based on the DTG curve, three regions are pre-
sent in the TG curve of ASP. A mass loss of 13.9%
(25.5–233.2˚C) is attributed to water molecules. The
humidity of ASP is large compared with inorganic
adsorbents [2,14] that possess humidity, however, the

Table 1
Chemical composition of the simulated dye-house effluents

Dyes

Concentration (mg L−1)

Effluent A Effluent B

Crystal violet (λmax 583 nm) 10.0 20.0
Reactive red 120 (λmax 535 nm) 2.00 5.00
Reactive orange 16 (λmax 489 nm) 2.0 5.00
Cibacron brilliant yellow 3G-P (λmax 402 nm) 2.0 5.00
Remazol brilliant blue (λmax 594 nm) 2.0 5.00
Vilmafix red RR-2B (λmax 505 nm) 2.0 5.00

Auxiliary chemicals
Na2SO4 25.0 25.0
NaCl 25.0 25.0
Na2CO3 20.0 20.0
CH3COONa 50.0 50.0
Sodium dodecyl sulfate (SDS) 50.0 50.0
pHa 7.0 7.0

apH of the solution was adjusted with a 0.10 mol L−1 HCl, a 0.10 mol L−1 NaOH, or both.
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Fig. 2. (A) Isotherm of adsorption and desorption of nitro-
gen of ASP biosorbent. (B) BJH pore diameter distribution
of ASP biosorbent.
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humidity of ASP matches that of lignin-cellulosic
materials [13]. A mass loss of 58.8% (233.2–375.6˚C),
which is assigned to the decomposition of lignin and
cellulose, is also observed. Finally, a mass loss of
16.4% (375.6–844.4˚C) that could be assigned to
degradation of lignin [19,36] is noticed.

Fig. 4 presents the SEM images of ASP. The images
show that ASP fiber has roughness similar to that of
an open flower. The fiber also contains some spherical
lignin-cellulosic material. Generally, the SEM image of
ASP is identical to that of lignin-cellulosic material
[15,42].

For the identification of functional groups pos-
sessed by ASP and the groups that are responsible for
biosorption of CV dye, FTIR was used. Fig. 5 shows
the FTIR spectrum of ASP. The spectrum was
recorded between 4,000 and 400 cm−1. The following
bands are observed in the FTIR spectrum of ASP:
strong band at 3,287 cm−1 that is assigned to O–H
group [15,36]; a sharp band at 2,920 cm−1 is given to
CH2 stretch [15]; a band at 1,732 cm−1 is allocated to
carbonyl groups of carboxylic acid [15]; a sharp band
at 1,586 cm−1 is assigned to asymmetric CO2 stretch;
small bands at 1,522 and 1,439 cm−1 are assigned to
ring modes of aromatic ring [15,36]; a small band at
1,361 cm−1 is assigned to OH bending [15,36]; a band
at 1,290 cm−1 is assigned to C–O stretch of phenols;
and a band at 1,014 cm−1 is assigned to C–O stretch of
cellulose [15,36]. It means that the major functional
groups of ASP are: O–H (alcohols and phenols), C=O
of carboxylic acids, aromatic rings, C–O (alcohols and
phenols), and C–H (aromatics and aliphatic chains).

3.2. Influence of initial pH on the sorption capacity of ASP

The initial pH of the adsorbate solution is one of
the most important parameters that influence the
biosorption of a dye on a biosorbent [13–15,36]. The

functional (acidic or basic) groups of the biosorbent
and the chemical nature of the adsorbate have strong
effect on the best pH for the biosorption studies. For
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Fig. 4. SEM images of ASP biosorbent. (A) magnification
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the removal of CV dye from aqueous solutions
(50.0 mg L−1) using ASP, the pH of the solution was
varied from 2.0 to 10.0. For pH dependence studies,
the removal of CV by ASP increases from 76.7% at pH
2.0 to ≈96% within the range of pH 6.0 and 10.0.
Therefore, the optimum pH region ranges from 6.0 to
10.0 for CV biosorption onto ASP. This observation is
traceable to the pHpzc value of ASP. The pHpzc value
of ASP is 6.40 (Fig. 6). A biosorbent with a lower pH
value than pHpzc value will possess positively charged
surface [15]. The CV dye possesses a positive charge
in aqueous solutions even in a basic medium (see
Fig. 1). Therefore, biosorption of CV dye will occur
when the surface of the biosorbent is negatively
charged. The electrostatic interactions of ASP occurred
at pH > 6.40. For the rest of the experimental work,
we fixed the pH of the CV solution at 7.0, which is

above the pHPZC. This choice also took into considera-
tion the neutrality of the wastewater effluents.

3.3. Kinetic studies and effect of contact time

The kinetic information of biosorption of CV dye
onto ASP biosorbent was obtained using nonlinear
pseudo-first-order, pseudo-second-order, and general-
order kinetic models. Fig. 7(A) and (C) and Table 2
show the respective kinetic curves and the fitting
parameters. The values of Ferror were utilized to
explain fitness of nonlinear kinetic models. Ferror value
is smaller if the theoretical q and experimental q val-
ues are closer [36,40] (see Eq. (5)). It is a fact that an
increase in the number of parameters in nonlinear
equations improves the tendency of the mathematical
function to be better adjusted [39,50]. Therefore, it is
necessary to check if the three-parameter kinetic
model (general-order kinetic model) has advantages
over the two-parameter kinetic models (pseudo-first-
order and pseudo-second-order models). The number
of fitting parameters (p term of Eq. (5)) was taken into
account while computing Ferror. For comparison, Ferror
value of each model was divided by Ferror of the mini-
mum value to obtain Ferror ratio. General order kinetic
model has Ferror ratio value of 1.00. The Ferror ratio val-
ues of the pseudo-first-order kinetic model vary from
7.59 to 8.57, while those of the pseudo-second-order
model vary from 1.11 to 1.21. Based on Ferror ratio val-
ues, the general-order kinetic model (lowest Ferror ratio
value of 1.00) gave the best fit of the kinetic data. The
values Ferror and Ferror ratio are in agreement with the
values of R2

adj—an indication that the general-order
kinetic model present the values closer to 1.

According to general-order kinetic model, the
order of adsorption process must be of the same trend
as that of a chemical reaction in which the order of
reaction is determined experimentally
[13,15,35,36,42,48,51] and not predetermined by a
model. In this manuscript, the order (n) obtained for
the kinetics at 50.0 and 100.0 mg L−1 are 2.131 and
2.100, respectively. Although several authors would
consider the linear equations, a situation in which the
kinetics of adsorption would follow the pseudo-sec-
ond-order, which is a special case of general-order
kinetic model [13,35,36,42,51]. However, it is prefer-
able to determine the order experimentally instead of
predetermine it before fitting the data.

Table 2 also presents another useful parameter, the
half-life (t1/2). Half-life is the time it takes to achieve
50% of qe (amount adsorbed at the equilibrium). The
values of t1/2 were obtained by interpolation of the
kinetic plots. Only t1/2 values of general kinetic model
are meaningful because the model gave the best fit of
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kinetic data. The kinetic of biosorption using
100.0 mg L−1 of CV is faster than that of 50.0 mg L−1

of the dye. This observation gives a piece of valuable
information. It is an indication that the kinetics of
biosorption of CV is controlled by diffusion, where
the biosorption kinetics is faster at higher adsorbate
concentrations [51].

The effect of mass transfer resistance on the
binding of CV dye onto ASP was investigated using
intraparticle diffusion model [42] (Table 2, Fig. 7(B)
and (D)). The kid (mg g−1 min−0.5), the intraparticle
diffusion constant, was obtained from the slope of the
plot of qt vs.

ffiffi
t

p
.

The graph qt vs.
ffiffi
t

p
for biosorption of CV onto

ASP exhibited three linear regions. Each step is
ascribed to each linear region of the plots (Fig. 7(B)
and (D)). The first linear region, which is the fastest
step, depicts the process by which dye molecules

diffuse into the surface of the biosorbents [42,48]. The
second region, which is a delayed process, describes
intraparticle diffusion [42,48]. The third region, which
is obtained after equilibrium [42,48], designates diffu-
sion through smaller pores. Considering that the three
linear portions of these graphs play a role on the over-
all kinetics of adsorption, it could be concluded that
the kinetic process depends on the film diffusion and
the intraparticle diffusion.

From first data point of the third region, the mini-
mum equilibrium time for biosorption of CV onto
ASP is 60 min. Interpolation of the fitting curve
(general order curve) gave 63.52 min as the time
necessary to attain 95% of qe at a 50.0 mg L−1 of CV
solution. Contact time was taken as 90 min for other
biosorption studies in this work. The contact time was
elevated by 30 min to ensure that equilibrium is
reached even at higher concentrations of CV dye [48].
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3.4. Equilibrium studies

Adsorption isotherms explain the relationship
between adsorption capacity (qe) and adsorbate con-
centration (Ce) left in solution after attaining equilib-
rium at a fixed temperature. The parameters obtained
from equilibrium models give valuable insights about
the adsorption mechanism, the surface properties and
adsorbent–adsorbate affinity. This study employed
Langmuir [45], Freundlich [46], and Liu isotherms
[47].

Adsorption isotherms were investigated between
15 and 55˚C using the following conditions: pH 7.0 of
dye solution; biosorbent mass, 100.0 mg; contact time,
90 min. Fig. 8 shows the isotherm of CV onto ASP at
55˚C; Table 3 shows the parameters. Using the Ferror
values shown in Table 3 the Liu model best described
removal of CV by ASP between 15 and 55˚C. Liu
model has lowest Ferror values—an indication that the
theoretical q values of the isotherm model do not devi-
ate much from the experimental q values.

Ferror value of individual model was divided by
the least Ferror value to obtain Ferror ratio, which was

used to compare the fittingness of equilibrium iso-
therm models. Freundlich model gives Ferror ratio val-
ues ranging from 10.03 to 18.79, while Langmuir
model gives Ferror values ranging from 7.00 to 7.71.
Between 15 and 55˚C, Liu model gave the Ferror ratio
of 1.00. On the basis of Ferror ratio values, Liu isotherm
model gives the best description of the isothermal
data. Similarly, the analyses of Ferror values and Ferror
ratio were in agreement with the values of R2

adj, which
means that these analyses help in choosing the best
isotherm model.

The Liu isotherm model [47] is a combination of
the Langmuir and Freundlich isotherm models; there-
fore, the monolayer assumption of Langmuir model is
discarded and the infinite adsorption assumption that
originates from the Freundlich model is not consid-
ered. The Liu model predicts that the active sites of
the adsorbent cannot present the same energy. There-
fore, the adsorbent may present active sites preferred
by the adsorbate molecules for occupation [47]; how-
ever, saturation of the active sites should occur unlike
in the Freundlich isotherm model. Taking into account
that the biosorbent used in this study has different
functional groups as shown by the FTIR spectrum (see
Fig. 5); that the adsorbent texture is a fiber with
roughness and it contains some spherical lignin-cellu-
losic material (see Fig. 4); and also that the material
presents some mesopores and micropores (see Fig. 2),
it is expected that the active sites of the biosorbent
will not possess the same energy—the fact that is
supported by the Liu isotherm model.

The value of Qmax, maximum amount of CV dye
removed at 55˚C, is 95.98 mg g−1. This Qmax value

Table 2
Kinetic parameters of CV dye biosorption onto ASP.
Conditions: temperature, 25˚C; pH 7.0; mass of biosorbent,
100.0 mg

50.0 (mg L−1) 100.0 (mg L−1)

Pseudo-first-order
k1 (min−1) 0.2154 0.4298
qe (mg g−1) 11.61 23.80
t1/2 (min) 3.218 1.613
R2
adj 0.9676 0.9843

Ferror (mg g−1) 0.5307 0.6989

Pseudo-second-order
k2 (g mg−1 min−1) 0.03080 0.03982
qe (mg g−1) 12.05 24.30
t1/2 (min) 2.694 1.034
R2
adj 0.9994 0.9997

Ferror (mg g−1) 0.07472 0.1019

General-order
kN [h−1 (g mg−1)n−1] 0.02365 0.03165
qe (mg g−1) 12.14 24.37
n 2.131 2.100
t1/2 (min) 2.641 0.9791
R2
adj 0.9996 0.9997

Ferror (mg g−1) 0.06196 0.09213

Intra-particle diffusion
kid,2 (mg g−1 min−0.5)a 0.07448 0.1573

aSecond stage.
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could be considered very good for a biosorbent com-
pared with other adsorbents reported in the literature
[21,22,33,52–58]. A list of adsorbents reported
[21,22,33,52–58] for removal of CV dye from aqueous
solutions is presented in Table 4. ASP biosorbent
presented highest sorption capacity out of the 14
adsorbents listed in Table 4.

3.5. Thermodynamics studies and mechanism of biosorption

Eqs. (22)–(24) were used to obtain the thermody-
namic parameters. Gibb’s free energy change

(ΔG˚, kJ mol−1), enthalpy change (ΔH˚, kJ mol−1), and
entropy change (ΔS˚, J mol−1 K−1) were evaluated.

DG� ¼ DH� � TDS� (22)

DG� ¼ �RT lnðKÞ (23)

Eq. (24) is obtained from Eqs. (22) and (23).

lnðKÞ ¼ DS�

R
� DH�

R
� 1

T
(24)

Table 3
Isotherm parameters for CV biosorption using ASP. Conditions: pH 7.0; biosorbent mass, 100.0 mg; contact time, 90 min

15˚C 25˚C 35˚C 45˚C 55˚C

Langmuir
Qmax (mg g−1) 75.19 77.85 78.39 80.15 78.50
KL (L mg−1) 0.0950 0.08484 0.08003 0.07683 0.08379
R2
adj 0.9927 0.9936 0.9919 0.9927 0.9871

Ferror (mg g−1) 2.142 2.130 2.321 2.358 3.058

Freundlich
KF [mgg�1 ðmgL�1Þ�1=nF ] 18.60 17.51 18.17 16.36 17.08
nF 3.606 3.398 3.463 3.186 3.311
R2
adj 0.9566 0.9579 0.9630 0.9688 0.9734

Ferror (mg g−1) 5.218 5.438 4.952 4.887 4.383

Liu
Qmax (mg g−1) 83.88 86.89 89.72 92.93 95.98
Kg (L mg−1) 0.07023 0.06212 0.05559 0.04933 0.04442
nL 0.7546 0.7671 0.7328 0.7349 0.6700
R2
adj 0.9999 0.9999 0.9996 0.9999 0.9997

Ferror (mg g−1) 0.2777 0.3097 0.5358 0.3269 0.4371

Table 4
Comparison of different adsorbents for the adsorption of CV dye

Adsorbent Qmax (mg g−1) Refs.

Pomegranate fruit shell powder 50.21 [21]
Formosa papaya seed powder 85.99 [22]
Jackfruit leaf powder 43.40 [33]
Jute fiber carbon 27.99 [52]
Rice husk activated carbon 11.18 [53]
Rice husk activated carbon 3.77 [53]
Eggshell 70.03 [54]
NaOH modified rice husk 44.88 [55]
Coir pith 65.53 [56]
Sawdust 37.83 [56]
Sugarcane fiber 10.44 [56]
Coniferous pinus bark powder 32.78 [57]
Peel of Cucumis sativa Fruit 34.24 [58]
Avocado seed powder 95.98 This work
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In Eqs. (22) and (23), R is the universal gas constant
(8.314 J K−1 mol−1); T is the absolute temperature
(Kelvin); K is the biosorption equilibrium constant,
which was obtained from the best isotherm fitting

(Kg is the Liu equilibrium constant—which must be
converted to SI unit using the molecular mass of the
dye). By applying Eq. (24), enthalpy and entropy
changes could be obtained from different

Table 5
Thermodynamic parameters of the adsorption of CV dye onto ASP biosorbent. Conditions: biosorbent mass, 100.0 mg;
pH 7.0; contact time, 90 min

Temperature (K)

288 298 308 318 328

Kg (L mol−1) 2.865 × 104 2.535 × 104 2.268 × 104 2.013 × 104 1.812 × 104

ΔG (kJ mol−1) −24.57 −25.12 −25.68 −26.20 −26.74
ΔH˚ (kJ mol−1) −9.01 – – – –
ΔS˚ (J K−1 mol−1) 54.08 – – – –
R2
adj 0.9993 – – – –
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equilibrium constants (different isotherm models)
[13,15,16,19,20,35,36,41,42,48]. Also, the thermody-
namic parameters can also be evaluated from the
Liu equilibrium constant, Kg, as earlier reported
[13,15,35,36,42,48].

The ΔH˚ value can be obtained from the slope of
the linear plot of ln(K) vs. 1/T, while ΔS˚ value is
calculated from the intercept.

Table 5 presents the thermodynamic data. R2
adj

value of the linear fit is ≈1.0, which shows that the
values of enthalpy and entropy obtained for the
biosorbent are credible. The magnitude of enthalpy for
CV removal by ASP corresponds to that of a physical
adsorption [59]. The magnitude of enthalpy change is
used to classify adsorbent–adsorbate interaction.
Generally, physical sorption is less than 20 kJ mol−1

[59]. Negative value of ΔH˚ shows that the biosorption

process is exothermic. Negative value of ΔG˚ suggests
that the biosorption process is feasible and favorable.
Positive value of ΔS˚ indicates an increment in the
randomness at the solid–liquid interface. The water-
coordinated molecules are displaced by dye molecules
hereby gain more translational entropy than what is
lost by dye molecules, during biosorption, leading to
an increase in the randomness of the adsorbent–adsor-
bate interaction [60,61].

On the basis of the data of pH studies, pHpzc

(Fig. 6), characterization of the functional groups of
ASP biosorbent (Fig. 5), kinetic studies (Table 2), equi-
librium of biosorption (Table 3), and thermodynamic
studies (Table 5) it is possible to establish a mecha-
nism of biosorption of CV dye onto ASP biosorbent
(see Fig. 9). The ASP biosorbent is a lignin-cellulosic
material that presents these functional groups: aro-
matics, alcohols, ether, phenol, carboxylic acid, and
aromatics [15]. At pH > pHpzc (pH > 6.40), the car-
boxylic groups of ASP biosorbent will be deprotonated
(step 1 of the mechanism). When ASP biosorbent is in
direct contact with CV dye, an electrostatic attraction
of the cationic dye with the negative surface of the
ASP biosorbent will occur [15]. These observations are
in agreement with the data of pH dependence studies
and pHpzc of ASP described above. In addition to this,
van der Walls force between the aromatic groups of
the CV dye and the aromatic groups of ASP biosor-
bent should be responsible for the biosorption mecha-
nism, since the ΔH˚ of biosorption is −9.01 kJ mol−1—
the magnitude of enthalpy is consistent with physical
adsorption (as described above).

3.6. Simulated dye-house effluents

The aim of this study is to evaluate the perfor-
mance of ASP biosorbent in a medium containing
mixtures of dyes and inorganic components—simulat-
ing a real dye-house effluent. In this work, two
simulated dye-house effluents were utilized (see
Table 1). Fig. 10 shows the spectra of the treated and
untreated effluents, which were recorded from 250 to
800 nm on UV–vis spectrophotometer. In order to
evaluate the percentage of removal of the mixture of
dyes, the areas under the absorption bands were mea-
sured. The ratio of the areas (the area of the absorp-
tion bands of the effluent after the treatment with ASP
biosorbent was divided by the area of the absorption
band of the effluent before the treatment) multiplied
by 100 gave the percentage of the dyes mixture
removed from the simulated effluents. The percent-
ages of removal of a mixture of dyes using ASP are
92.9% (effluent A) and 84.4% (effluent B). ASP shows
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Fig. 10. UV–vis spectra of simulated dye effluents before
and after treatment with ASP biosorbent. The temperature
was fixed at 25˚C. (A) Effluent A and (B) effluent B. For
the composition of effluents, see Table 1.
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good result for the treatment of dye-rich wastewater
and decreases severity of a real wastewater effluent,
when these data are compared with published work
[1,13,15,20,35,36,42,48].

4. Conclusion

ASP was utilized in this work for removal of CV
dye from aqueous solutions. Influences of initial pH of
solution, contact time, initial dye concentration, and
temperature were investigated. The usability of ASP
for simulated-effluents treatment was also investi-
gated. The FTIR data of ASP showed that carboxyl
group, hydroxyl group, and aromatics are responsible
for removal of CV dye. Higher biosorption capacities
of CV onto ASP were observed between pH 6.0 and
10.0. Using 100 mg of ASP/25.0 mL of CV, the equilib-
rium time was achieved in 90 min. The sorption
kinetics of CV onto ASP was best described by
general-order kinetic model. For isothermal study, the
Liu isotherm model was the best model that explained
the biosorption of CV dye onto ASP biosorbent. On
the basis of the parameters from Liu isotherm model,
the maximum adsorption capacity was 95.98 mg g−1 at
55˚C. ASP removed 92.9 and 84.4% of simulated textile
effluents A and B, respectively. These results imply
that ASP can be utilized as biosorbent for the
treatment of wastewaters.

Acknowledgments

The authors are grateful to the National Council
for Scientific and Technological Development (CNPq,
Brazil), the Coordination of Improvement of Higher
Education Personnel (CAPES, Brazil), and the
Academy of Sciences for Developing World (TWAS,
Italy) for financial support and sponsorship. We are
also grateful to the Center of Electron Microscopy
(CME-UFRGS) for the use of SEM microscope. We
show our gratitude to Chemaxon for giving an
Academic license to use MarvinSketch software
(Version 14.9.22.0, 2014), (http://www.chemaxon.com)
for calculating the dye properties.

References

[1] L.D.T. Prola, E. Acayanka, E.C. Lima, C. Bestetti, W.O.
Santos, F.A. Pavan, S.L.P. Dias, C.R.T. Tarley, Applica-
tion of aqai stalks as biosorbent for the removal of
Evans Blue and Vilmafix Red RR-2B dyes from
aqueous solutions, Desalin. Water Treat. 51 (2013)
4582–4592.

[2] B. Royer, N.F. Cardoso, E.C. Lima, V.S.O. Ruiz, T.R.
Macedo, C. Airoldi, Organofunctionalized kenyaite for

dye removal from aqueous solution, J. Colloid
Interface Sci. 336 (2009) 398–405.

[3] L.G. da Silva, R. Ruggiero, P.M. Gontijo, R.B. Pinto, B.
Royer, E.C. Lima, T.H.M. Fernandes, T. Calvete,
Adsorption of Brilliant Red 2BE dye from water
solutions by a chemically modified sugarcane bagasse
lignin, Chem. Eng. J. 168 (2011) 620–628.

[4] S. Gupte, H. Keharia, A. Gupte, Toxicity analysis of
azo Red BS and Methyl Red dye solutions on earth-
worm (Pheretima phosthuma), micro-organisms, and
plants, Desalin. Water Treat. 51 (2013) 4556–4565.

[5] N.M. Mahmoodi, S. Khorramfar, Degradation of dyes
using combined photo-Fenton/activated carbon: Syner-
gistic effect, Desalin. Water Treat. 52 (2014) 5007–5014.

[6] P.A. Carneiro, G.A. Umbuzeiro, D.P. Oliveira, M.V.B.
Zanoni, Assessment of water contamination caused by
a mutagenic textile effluent/dyehouse effluent bearing
disperse dyes, J. Hazard. Mater. 174 (2010) 694–699.

[7] M. Oplatowska, R.F. Donnelly, R.J. Majithiya, D.G.
Glenn Kennedy, C.T. Elliott, The potential for human
exposure, direct and indirect, to the suspected carcino-
genic triphenylmethane dye Brilliant Green from green
paper towels, Food Chem. Toxicol. 49 (2011) 1870–1876.

[8] S. Danwittayakul, M. Jaisai, J. Dutta, Efficient solar
photocatalytic degradation of textile wastewater using
ZnO/ZTO composites, Appl. Catal. B: Environ. 163
(2015) 1–8.

[9] E.J.R. Almeida, C.R. Corso, Comparative study of toxi-
city of azo dye Procion Red MX-5B following biosorp-
tion and biodegradation treatments with the fungi
Aspergillus niger and Aspergillus terreus, Chemosphere
112 (2014) 317–322.

[10] G.G. Bessegato, J.C. Cardoso, M.V.B. Zanoni,
Enhanced photoelectrocatalytic degradation of an acid
dye with boron-doped TiO2 nanotube anodes, Catal.
Today, 240, Part A (2015) 100–106.

[11] G. Muthuraman, Extractive removal of astacryl blue
BG and astacryl golden yellow dyes from aqueous
solutions by liquid–liquid extraction, Desalination 277
(2011) 308–312.

[12] L. Doumic, G. Salierno, M. Cassanello, P. Haure, M.
Ayude, Efficient removal of Orange G using Prussian
Blue nanoparticles supported over alumina, Catal.
Today 240 (2015) 67–72.

[13] M.A. Adebayo, L.D.T. Prola, E.C. Lima, M.J. Puchana-
Rosero, R. Cataluña, C. Saucier, C.S. Umpierres, J.C.P.
Vaghetti, L.G. da Silva, R. Ruggiero, Adsorption of
Procion Blue MX-R dye from aqueous solutions by lig-
nin chemically modified with aluminium and man-
ganese, J. Hazard. Mater. 268 (2014) 43–50.

[14] B. Royer, N.F. Cardoso, E.C. Lima, T.R. Macedo, C.
Airoldi, A useful organofunctionalized layered silicate
for textile dye removal, J. Hazard. Mater. 181 (2010)
366–374.

[15] L.D.T. Prola, E. Acayanka, E.C. Lima, C.S. Umpierres,
J.C.P. Vaghetti, W.O. Santos, S. Laminsi, P.T. Djifon,
Comparison of Jatropha curcas shells in natural form
and treated by non-thermal plasma as biosorbents for
removal of Reactive Red 120 textile dye from aqueous
solution, Ind. Crop. Prod. 46 (2013) 328–340.

[16] G.L. Dotto, E.C. Lima, L.A.A. Pinto, Biosorption of
food dyes onto Spirulina platensis nanoparticles:
Equilibrium isotherm and thermodynamic analysis,
Bioresour. Technol. 103 (2012) 123–130.

15886 A. Bazzo et al. / Desalination and Water Treatment 57 (2016) 15873–15888

http://www.chemaxon.com


[17] M.E. Fernandez, G.V. Nunell, P.R. Bonelli, A.L.
Cukierman, Activated carbon developed from orange
peels: Batch and dynamic competitive adsorption of
basic dyes, Ind. Crops Prod. 62 (2014) 437–445.

[18] O. Pezoti, A.L. Cazetta, I.P.A.F. Souza, K.C. Bedin,
A.C. Martins, T.L. Silva, V.C. Almeida, Adsorption
studies of methylene blue onto ZnCl2-activated carbon
produced from buriti shells (Mauritia flexuosa L.), J.
Ind. Eng. Chem. 20 (2014) 4401–4407.

[19] T. Calvete, E.C. Lima, N.F. Cardoso, J.C.P. Vaghetti,
S.L.P. Dias, F.A. Pavan, Application of carbon adsor-
bents prepared from Brazilian-pine fruit shell for the
removal of reactive orange 16 from aqueous solution:
Kinetic, equilibrium, and thermodynamic studies, J.
Environ. Manage. 91 (2010) 1695–1706.

[20] N.F. Cardoso, R.B. Pinto, E.C. Lima, T. Calvete, C.V.
Amavisca, B. Royer, M.L. Cunha, T.H.M. Fernandes,
I.S. Pinto, Removal of remazol black B textile dye from
aqueous solution by adsorption, Desalination 269
(2011) 92–103.

[21] M.B. Silveira, F.A. Pavan, N.F. Gelos, E.C. Lima, S.L.P.
Dias, Punica granatum Shell Preparation, Character-
ization, and use for crystal violet removal from
aqueous solution, Clean—Soil, Air, Water 42 (2014)
939–946.

[22] F.A. Pavan, E.S. Camacho, E.C. Lima, G.L. Dotto,
V.T.A. Branco, S.L.P. Dias, Formosa papaya seed pow-
der (FPSP): Preparation, characterization and applica-
tion as an alternative adsorbent for the removal of
crystal violet from aqueous phase, J. Environ. Chem.
Eng. 2 (2014) 230–238.
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