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ABSTRACT: The textile industries face difficulties in removing dyes
from the liquid effluent, even after what is thought to be conventional
cleaning treatments. The use of adsorbents to retain dyes in textile
effluents has been showing to be a simple and promisingly efficient
method. The objective of this research was to test the macauba
(Acrocomia aculeata) kernel cake as adsorbent to remove Remazol
Brilliant Blue dye in batch adsorption tests. The obtained adsorption
kinetic data at equilibrium were modeled by assuming both the
Langmuir and the Freundlich isotherms. The values were better fitted
with the Langmuir model (R? = 0.983), with a maximum adsorption
capacity of 3.5 mg g* monolayer. This essay showed that the macatba
cake is an effective adsorbent to remove Remazol Brilliant Blue textile
dye and it is a good alternative for treatment of textile liquid effluents.

1. Introduction

The scarcity of some natural resources, including
water and feedstock, has been a major problem for
textile industries. The search for alternative methods
of their treatment and reuse has been growing, as it
can reduce industrial costs and reduce hazardous
impacts to the environment. The increasing
consumption of industrial textile dyes has been
responding for major environmental problems issued
from industrial activities. Textile dyes are often
complex organic molecules, which are usually
difficult to be biologically broken down. They are to
be attached to the fabric fiber to confer color to them.
If these more commonly organic compounds are
discharged into water bodies, they may mean real
sources of pollution. Due to their recalcitrant nature,
they impart long term color to the aqueous industrial
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Utilization of macauba (Acrocomia aculeata) oil extraction residue as adsorbent for effluent from the textile industry.

effluent and reduce the penetration of sunlight, which
compromises the aquatic life® 2.

The textile industries face enormous difficulty
related with the great consumption of water to
accomplish several chemical processes, including
those of dyeing and rinsing the fabrics. The treatment
of effluents in these processes implies three main
stages: primary, secondary and tertiary. In the
primary treatment, the larger particles in suspension
are removed by decantation. In the secondary,
microorganisms are used to remove suspended
particles and biodegradable matter and, finally, in the
tertiary treatment, dissolved solids and residual color
and odor are removed by means electrochemical
process, membranes technologies, ion exchange and
other technologies®. However, since the primary and
secondary treatments are not efficient enough to
separate very small particles, the treated fluid still
leaves with staining. The steps of the textile
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processing are high costly and are not efficient
enough to degrade the dye molecules. Thus, new
technologies have been developed in an attempt to
solve the problem of the residual staining in such
effluents, even after conventional cleaning treatment.

Adsorption is putatively one of the most
prospective way to treat effluents and consists of the
physical or chemical interaction between the surface
of a porous solid and molecules components from the
fluid phase* °. The adsorption process is mainly
governed by the adsorbent properties (surface area,
pore size, density, surface functional groups and
hydrophobicity) of the solid material and by the
adsorbate (polarity, molecule size, solubility and
acidity or basicity) in the fluid, but also by some
process conditions such as system temperature, the
nature of the solvent and the pH of the medium?®.

The solid adsorbent materials are characterized by
their porous structure, which determines their high
surface area. The larger the surface, the greater the
adsorption efficiency® 7. Activated charcoal has been
the most widely used adsorbent, regarding its high
internal surface area and microporous structure,
which render its high degree of surface reactivity®.
Although, activated charcoal is very efficient and has
many technological advantages, its use is high costly,
mainly taking into account that it needs to be
chemically treated to get it suitably functional. As an
alternative way of minimizing process costs,
agriculture crop staying or agro-industrial rejects,
such as waste generated from pressing oilseed for oil
extraction, sugarcane bagasse, among others have
been evaluated as adsorbent for aqueous effluent due
to their availability and low cost® °*2,

The Remazol Brilliant Blue R (RBBR) dye is in
the class of anthraquinone synthetic dyes and it is one
of the most important dyes in the textile industry,
which has been also used as a general compound
model in essays of degradation studies. It is an
anthracene-derived compound, highly toxic due to its
polycyclic aromatic hydrocarbons (PAH), which are
very difficult to be biologically metabolized** *°. The
Figure 1 shows the chemical structure of RBBR dye.
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Figure 1. Chemical structure of Remazol Brilliant Blue R
dye’s.

The macalba palm (Acrocomia aculeata) is a tree

that can be found in several edaphoclimatic
conditions of Brazil, with some predominance the
cerrado biome, in Minas Gerais. The fruit is
composed of the bark, the pulp, the seed (kernel) and
the endocarp. Two types of oil, pulp oil and kernel oil
can be extracted from macauba fruits. It is estimated
an average productivity of approximately 5 t ha* of
pulp oil along with 1.4 t ha* of kernel oil for a density
of 200 plants ha' '7. High productivity, low
production cost and good oil characteristics make it
an attractive raw material for biodiesel production,
generating a large amount of fruit cake from the oil
press-extraction (macauba cake)'é.
In this context, this research had as objective to
evaluate the residue generated in the extraction of the
oil of the macauba (Acrocomia aculeata) as adsorbent
for the removal of the Remazol Brilliant Blue R
(RBBR) dye in a simulated solution.

2. Materials and methods

2.1 Preparation and characterization of the oil
extraction residue

The cake generated press-extracting the kernel oil
of the macalba (the macalba cake, MC) used as
adsorbent in these essays was provided by the
Cooperativa de  Agricultores  Familiares e
Agroextrativistas Grande Sertdo Ltda, located in
Montes Claros, Minas Gerais, Brazil. Initially, the
cake material was washed, dried and sieved on a set
of Bertel sieves; the fraction of particles larger than
212 pum and smaller than 300 um was separated.

The zero-charge potential (pHpzc) of the MC was
determined in duplicate by adding 50 mg of the
adsorbent material to 12.5 mL of the KCI solution
(0.1 mol LY). The pH was then varied from 1 to 14,
adjusted with dilute HCI (0.1 mol L?) or NaOH
(0.1 mol L) solution, under constant stirring was for
24 h, at 25 °C. After 24 h, the final pH at equilibrium
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was determined with a bench pHmeter. The zero-load
potential of each sample was estimated by the method
obtained in the range of constant pH (buffer effect).

2.2 Batch adsorption essays

The tests to check for the influence of the RBBR

adsorbate concentration on the adsorption process
with the macauba cake were carried out with
solutions of the dye in different concentrations (5, 10,
20, 30, 40, 50 mgL?) in a fixed mass of the
adsorbent. The samples were placed on an orbital
shaker for 24 h under 100 rpm. The equilibrium
concentrations of the samples were measured using a
UV-visible spectrophotometer. The experiment was
done at constant temperature (25 °C).
The data for Kinetic study of the adsorption process
were collected at constant temperature with fixed
mass of adsorbent and dye solution. The samples
were collected at different contact times (5 to
1440 min) between the adsorbent and the adsorbate;
the concentrations of RBBR were monitored with a
UV visible spectrophotometer.

3. Results and discussion
3.1 Characterization of the adsorbent

The pHpyc is one of the factors that most influence
the adsorption process. The pHp.c of the adsorbent

material was approximately 5.70, as shown in Figure
2.

-

Figure 2. Point of zero charge (pHp.) for the macaiba
kernel cake.

This result indicates that the surface charges of the
adsorbent become more positive as the pH decreases:
below 5.70, the adsorbent presents a positive surface
charge, favoring the adsorption of anionic species.
The RBBR dye presents three sulfonated groups that
give them an anionic character, possibly in the

adsorption process interaction between the dye anion
groups and protonated groups of the adsorbent
surface, which may explain the high efficiency on
removing the dye at pH below 5.7. The maximum
initial pH of the solution employed in the present
study was 5.0.

3.2 Adsorption isotherms

The adsorption capacity of the MC was
determined the equation 1,

Co — Ce 1)
M \%

Je =

where, ¢ is the dye concentration adsorbed onto the
cake material (mg g?); Co is initial concentration of
the textile dye in the liquid phase (mg L%); C. is
equilibrium concentration of the textile dye in the
liquid phase (mg L™); M is the mass of the cake and
V is the volume of solution (L)*°.

The adsorption isotherm for textile dye onto the
macaiba cake is shown in Figure 3. The curve
describes the distribution of the dye molecules
between the liquid and solid phases when the
adsorption process reached the steady state. At
equilibrium, the amount of the adsorbed dye was
approximately 98 %.
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Figure 3. Adsorption isotherm for Remazol Brilliant Blue
R on macauba kernel cake

Two adsorption isotherm models, Langmuir and
Freundlich, were used in this study to evaluate the
equilibrium data. The applicability of the equation
that best fitted the isotherm describing the adsorption
process was indicated by the regression coefficient
(R?) criterion. The Equation 2 corresponds to the
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Langmuir model. In the equation, ge is the adsorbate
concentration at equilibrium in adsorbent (mg g?); ka
is Langmuir constant (L mg?); gm is the adsorbate
concentration when the monolayer is formed on the
adsorbent (mgg?') surface and C. is adsorbate
concentration at equilibrium in solution (mg L1)2 %,

_ kaace (2)
qe=
1+ kyC,

The Langmuir isotherm is one of the most used
equations for the representation of adsorption
processes. This model assumes that there is a given
number of sites with equivalent energy and the
adsorbed molecules do not interact with one another.
Although the adsorption process occurs in a

monolayer, each site contains only one adsorbed
molecule.

The empirical model proposed by Freundlich
presumes non-ideal systems, heterogeneous surfaces
and multilayer adsorption. The Freundlich isotherm is
described by equation 3,

qe = K¢Ce ©)

where K is the sorption capacity and n is the sorption
intensity. Results from linear regression analysis of
adsorption isotherms are shown in Table 1. The
choice of the isotherm model was based on the
highest R? value.

Table 1. Parameters of the Langmuir and Freundlich isotherms models for the adsorption of the RBBR dye on

macauba cake

Determination

Model Isotherm equation Parameters coefficient for the linear
regression
ka = 2.985
. dmKaCe =1.523
Langmuir =—= 2 Om = L. 0.983
g ™77y k,Ce
Ereundlick K.cn Kfs=0.721 0.965
reundlic =
de = Bite 1/n = 3.798

These coefficients provide values for gm (Mg g
1), which indicates the maximum adsorption
capacity of the MC, and ka (adsorption constant),
which is related to adsorption energy. The essential
characteristic of the Langmuir isotherm can be
expressed in terms of a dimensionless equilibrium
parameter (R.), given by equation 4, where Ry is
the magnitude that determines the viability of the
adsorption process.

1 (4)

Ry =———
LT 14k,

Values of R =1 indicate a linear adsorption
process of Langmuir, R.>1 and R <1 refer to
unfavorable and favorable adsorption,
respectively, whereas the adsorption would be

irreversible for R = 0. From this study, the found
value of R_=0.870, indicating a favorable
adsorption?’.

The 1/n parameter of the Freundlick equation
ranged from O to 1; it is a measure of the adsorption
intensity or of the surface heterogeneity, becoming
more heterogeneous as the value approaches zero.
The found value of 1/n from this study indicates
that the adsorption process of the dye on the MC
was not heterogeneous, consistently with the result
obtained for the Langmuir model.

4. Conclusions

The adsorption of the Remazol Brilliant Blue R
dye, in this solution model of an industrial dye
aqueous effluent, onto the surface of particles from
the macauba kernel cake was investigated in a
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batch arrangement. The charge zero point (PZC) is
a convenient reference for predicting the charge-
dependent behavior of adsorbents and their
suspensions.

It was found that the Langmuir Isotherm
provides the best fit to the experimental data. The
value of the dimensionless parameter was
evaluated as RL =0.870, indicating that the
adsorption of RBBR on MC is a spontaneous
favorable process. The adsorption isotherm for the
adsorption of RBBR in MC can be well modeled
by the Langmuir isotherm, with a linear regression
determination  coefficient of approximately
R?=0.98. It can be concluded that the macalba
kernel cake has homogeneous surface energy and
can be a good alternative for the cleaning treatment
of textile effluents.
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