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Sawdust of acacia tree has been successfully used to remove textile dyes fromwastewater due to its good sorption properties and its
good chemical stability. Two materials are prepared by chemical treatment, including acidic and basic sawdust of acacia. %e
biosorption tests were carried out on two synthetic dyes of textile which are methylene blue (MB) and brilliant blue (BB). Efficient
removal of the both dyes has been achieved by the basic treated sawdust acacia.%emodeling of biosorption kinetic shows that the
biosorption of MB and that of BB are well described by the pseudo-first-order model for both the chemically treated biosorbents.
Equilibrium data have also established using Langmuir and Freundlich isothermmodels. Langmuir biosorption capacities are 8.13
and 267.04mg/g onto basic sawdust acacia and 6.19 and 230.76mg/g onto acidic sawdust acacia, respectively, for BB and MB
sorption. A real final effluent of a textile industry was treated by sorption on both biosorbent basis of sawdust acacia. In fact, the
kinetic sorption was rapid with a mass ratio of 1 g/L. However, the biosorption process combined with a biological treatment
provides a better result through the physicochemical characteristics of the studied effluent.

1. Introduction

%e progress of technology and the increase of textile in-
dustrial activities have increased the discharge of dyes in the
wastewater. %ese toxic matters cause several damages to
ecosystems due to their accumulation in the environment.
Every year, more than 400,000 tons of reactive dyes are used
to dye cellulosic fibers, mainly cotton [1]. Moreover, dyeing
1 kg of cotton could generate 200 kg of wastewater con-
taining up to 50% of the initial input of dyes in the dye bath
and up to 100 g/L of salts [2–4]. On the other hand, because
most of the dyes used in industrial activities are synthetic,
their degradation required a long period of time [5,6]. Due to
their carcinogenic effect on biological systems, textile dyes
caused a serious environmental problem worldwide [7].
%erefore, the effective removal of these hazardous dyes
from industrial wastewater is the most challenge for im-
proving the quality of aquatic ecosystems.

Numerous technologies have been developed to treat the
dyeing aqueous media, including chemical precipitation [8],
ultrafiltration [9], aerobic and anaerobic microbial degra-
dation [10], electrocoagulation/flotation [11], advanced
oxidation processes [12], electrochemical treatments [13],
reverse osmosis [14], and adsorption [15] whereas most of
these methods have proven their effectiveness in the removal
of dyes. However, they have limited industrial applications
because they are expensive, required high energy con-
sumption and operation time, and in some cases can gen-
erate large quantities of secondary sludge, which must be
also properly treated in order to prevent the environmental
contamination [16]. %erefore, adsorption has long been
recognized as a simple and economical process for the re-
moval of textile dyes. Due to its efficiency, high selectivity,
low cost, ease of operation, simplicity, and availability of
low-cost adsorbents, adsorption could be considered a
promising alternative for removing dyes from aqueous
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solution. In the past decades, adsorption properties of
persistent organic compounds by numerous materials have
been reported [17]. However, readily available adsorbent
materials such as clays, graphite, double hydroxide lamellar,
resin, zeolite and mesoporous silica, activated carbon, and
biosorbents have large adsorption capacity and good se-
lectivity for various pollutants. Because of their low cost and
availability, biosorbents are considered as alternative ma-
terials for environmental remediation. Several biomass-
derived adsorbents have been examined for the removal of
dyes including Diplotaxis harra and Glebionis coronaria. L
[18], pectin-Chlorella vulgaris [19], grape pomace [20], ba-
nana peel [21], Salvia hispanica [22], peach gum [23],
Phragmites australis [24], Pseudomonas aeruginosa [25],
Spirulina maxima, and Chlorella pyrenoidosa algae [26].

%e present work involves the removal of two dyes from
aqueous solution by adsorption process using chemically
treated sawdust of acacia tree with HCl or NaOH. In fact, the
efficacity of the biosorbents has been extensively investigated
by studying the effect of time, dosage quantity, and the
equilibrium data. Further, biosorbents were characterized by
point of zero charge, FTIR, SEM, and XRD. Also, the surface
area of the studied biosorbents was determined using the
methylene blue dye. %erefore, the final effluent discharge of
an industrial effluent was treated by adsorption process
using chemically treated sawdust of acacia with HCl or
NaOH. In fact, the determination of the polluting load using
biosorbents has been extensively investigated by studying
the effect of time and dosage quantity.

2. Experimental Methods

2.1. Reagent Materials. All the chemicals used in this study
were of analytical grade. Methylene blue (96%) and brilliant
blue (BB) (96%), NaOH (89%), HNO3 (69%), and NaCl
(99%) were purchased from Sigma-Aldrich (Germany). %e
chemical structures and physical properties of these dyes are
presented in Table 1.

2.2. Preparation of Biosorbents. %e acacia tree used in this
work is supplied from the Azrou region in Morocco. %e
cutting branches of the acacia are thoroughly washed with
the water to remove adherent impurities, and then, they are
crushed and sieved to small particles with size ranging from
50 to 500 μm.%e final powder has a sweet corn color. 20 g of
the acacia powder was chemically treated with 200ml of
NaOH (1M) or HCl (1M) for 3 h. Both residual products are
washed several times to remove traces of NaOH and HCl.
Afterwards, they are dried in an oven at 80°C for 24 h. Fi-
nally, two biosorbents based on acacia are obtained, which
are A-NaOH and A-HCl.

2.3. Characterization of Biosorbents

2.3.1. Point of Zero Charge (pHPZC). %epoint of zero charge
(pHPZC) was determined by the pH drift method according
to themethod proposed byNoh and Schwarz [27].%e pH of
NaCl aqueous solution (50ml at 0.01mol/L) was adjusted to

successive initial values in the range of 2.0 and 12.0 by the
addition of HNO3 (0.1N) and/or NaOH (0.1N). More there,
0.05 g of each carbon was added to the solution and stirred
for 6 h. %e final pH was measured and plotted versus the
initial pH.%e pHPZC was determined at the value for which
pHfinal � pHinitial.

2.3.2. Infrared Spectroscopy. Infrared absorption spectros-
copy spectra of biosorbents were illustrated at room tem-
perature on a Fourier transform infrared spectroscopy
(VERTEX 70). Before analysis, a small amount of powdered
sample was dispersed in amatrix of KBr using weight ratio of
carbon/KBr� 1/100 and then pressed to form transparent
pellet. KBr was previously oven-dried to avoid interferences
due to the presence of water, and FTIR spectrum was
recorded at room temperature in the wavenumber range of
4000–400 cm−1.

2.3.3. Scanning Electron Microscopy (SEM). %e morpho-
logical characteristics of the prepared activated carbon were
analyzed by scanning electron microscopy using a FEI
Quanta 200 model. Small amount of each sample was finely
powdered and mounted directly onto an aluminum sample
holder using two-sided adhesive carbon model.

2.3.4. Development of Surface Area. %e determination of
the specific surface area of solids using methylene blue
adsorption has been widely applied to activated carbons and
also to clays [28]. Since the adsorption process of methylene
blue was well described by the Langmuir models, the ad-
sorption capacity (for complete monolayer coverage) can be
used to evaluate the available area for mesopores. To have
maximum sorption capacities of methylene blue, the ad-
sorption isotherms were investigated. Stock solution of
methylene blue was prepared by dissolving the desired
weight of MB in distilled water. Sorption experiments were
conducted in a series of beakers containing 100mL of dye
solution and 100mg of each activated carbon. %e mixtures
were agitated for 12 h at room temperature. Equilibrium was
established for methylene blue concentration between 20
and 500mg/L. After each sorption experiment, samples were
filtrated. %e residual concentrations were determined by
spectrophotometric method at the maximum absorbance
wavelength of 665 nm.

%e area occupied by an adsorbed methylene blue
molecule is assumed to be 130 Å2 as it is frequently cited in
the literature [29]. %e following formula was used to
compute this specific surface area (Sg):

Ssp � Qm.10−3
× Ν ×

A
MBM

, (1)

where Ssp is the specific surface area of an adsorbent ma-
terial, Qm is the maximum adsorption capacity at equilib-
rium, N is the number of Avogadro (N� 6.023.1023 atoms),
A is the specific surface area of a molecule of methylene blue
(A� 130 Ǻ), and MBM is the molar mass of methylene blue
(MBM � 373.91 gmol−1).
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2.3.5. X-Ray Diffraction (XRD). Crystallographic character-
ization of the studied materials was examined by XRD
measurements. %e patterns were recorded in 2θ range from
10 to 70° using a Bruker-axs D2-phaser advance diffractometer
operating at 30 kV and 10mA with CuKα. %e interlayer
spacing d002 was determined using the Bragg equation:

d �
λ
2
sin θ, (2)

where λ is the X-ray length and θ is the scattering angle for
the peak position.

2.4. Experimental Studies

2.4.1. Biosorption of Synthetic Solution Dyes. Stock solutions
of dyes were prepared by dissolving the desired weight of
each dye in distilled water, and necessary concentrations
were obtained by dilution. Sorption experiments were
performed as follows: contact time from 0 to 360min with
1 g/L of biosorbent and 10mg/L of each solution dyes.
Biosorbent dosage ranges from 0.5 to 10 g/L in a series of
50mL beakers at the desired concentration, and initial
concentration of dyes ranges from 1 to 10mg/L for BB and
from 10 to 500mg/g for MB.%ese experiments were carried
out at constant agitation in fixed pH of solution.

After completion of each adsorption experiment, the
solid phase was separated from the liquid phase by filtration
for 10min. If necessary, sample was diluted by distilled water
and the residual concentration was determined from its UV-
Vis absorbance characteristic with the calibration curve
method at the wavelength of maximum absorption of each
dye. A UV-Vis with double beam spectrophotometer was
used.

%e adsorption capacity and adsorption yield were
calculated using the following equations:

qe �
C0 − C( 

R
, (3)

%removal �
C0 − C( 

C0
∗100, (4)

where qe is the adsorbed quantity (mg/g), C0 is the initial
dye concentration (mg/L), C is the dye concentration at a
time t (mg/L), and R is the mass adsorbents per liter of
solution (g/l).

2.4.2. Biosorption Treatment of an Industrial Effluent.
Final discharge of an industrial effluent from Sidi Brahim
industry in Fez city was considered the “sampling site”. %e
sampling was carried out by the composite method to know
the variations of the pollution characteristics during a day.
%ree samples were taken, and each sample is a mixture of
six separate samples for each hour, of equal volumes. At the
end of the day, a calculation makes it possible to constitute a
composite sample by the association of 6 samples.%erefore,
three samples were taken for the reproducibility of the
results.

%e water samples were collected using sterile vials
during the spring season of 2018.%en, they were stored in a
cooler at 4°C during transport to the laboratory and then
analyzed after 24 hours. Water temperature, electrical
conductivity, and pH were measured in situ. %e water
samples and their methods of analysis are those recom-
mended by AFNOR and enacted by Rodier [30]. Samples
were analyzed by several physicochemical analyses including
pH, conductivity, temperature, chemical oxygen demand
(COD), biological oxygen demand (BOD5), NTK, suspended
matter (MES), and heavy metals (ML) (Cd, Cr, Cu, Ni, and
Zn). %e heavy metals were analyzed by inductively coupled
plasma spectrometry (ICP AES) (Ultima 2_jobin yvon).

In the adsorption process of real effluent on A-NaOH
and A-HCl, the adsorption kinetics and the effect of themass
of the both biosorbents are studied. Sorption experiments
were performed as follows: contact time was applied from 0
to 360min and biosorbent dosage was from 0.5 to 4 g/L in a
series of 50mL beakers.

%ese experiments were carried out at constant agitation
in a fixed pH of the solution. %e adsorption capacity and
adsorption yield were calculated using the same process
adopted in synthetic dye biosorption.

Table 1: Chemical and physical properties of methylene blue and brilliant blue.

Dye Molecular weight
(g/mol) λmax (nm) Structure

Methylene blue (MB) 319.85 625
N

S N(CH3)2(CH3)2N
Cl–

+

Brilliant blue (BB) 792.85 660

N N+

SO3
– SO3

––O3S
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3. Result and Discussion

3.1. Characterization of Biosorbents

3.1.1. Point of Zero Charge (pHPZC). Figure 1 illustrates the
final pH change as a function of the initial pH used in the
method of determining pHPCN for both adsorbents: A-HCl
and A-NaOH.

%e figure shows that the final pH of the solution in-
creases with the increase of the initial pH. %is can be
explained by the consumption of H+ ions introduced into
the solution by the surface of the solid. From the initial pH 5
and up to a pH of 10, the curves become parallel to the
abscissa axis, i.e., the final pH of the solution is stable. In-
deed, all H+ ions introduced into solution are consumed by
the surface of the solid until saturation of the sites. An
increase in the final pH of the solution is observed from the
initial pH of 10. %is part corresponds to the saturation of
the surface by the OH- ions, and all the introduced OH ions
then remain in the solution.

%e pHPCN values are estimated at 2.5 and 6.3 for A-HCl
and A-NaOH, respectively. %is result indicates that the both
biosorbents acquire a positive charge below these values, and
above these values, they have negatively charged sites.

3.1.2. Infrared Spectroscopy. Infrared spectroscopy analysis
of the chemically treated and raw acacia sawdust is shown in
Figure 2. %e spectrum of biosorbents basis acacia shows a
band around 3336.54 cm−1 signifying the presence of OH
hydroxyl groups of cellulose, lignins, and hemicellulose
main components of wood. %e bands at 2902.5 cm−1

correspond to C–H functions. %e bands at 1266.45 are
attributed to C–O functions. %e bands at 1023.19 cm−1 can
be corresponding to C–O–C functions. %e bands appearing
at the frequency between 720 and 400 cm−1 are characteristic
of the C–H group in cellulose [31]. It could be seen that
treated and untreated sawdust acacia present approximately
the same bands with different intensities.

3.1.3. Development of Surface Area. %e calculated values of
biosorbents surface area are 698.91m2/g for A-NaOH and
523.51m2/g for A-HCl. In fact, the NaOH promotes a large
surface area for sawdust acacia compared to the HCl. %is
result suggests different adsorption capacities between the
both biosorbents.

3.1.4. Scanning Electron Microscopy (SEM). Scanning elec-
tron microscopy images of raw and treated sawdust of acacia
are shown in Figure 3. %is analysis indicates a significant
difference in the surface morphology of the three materials.
It can be seen that there are many pores in raw sawdust
acacia corresponding to the cellulose microfibrils concen-
trated inside the fiber. After the treatment process, new
pores of different sizes and cavities are formed due to the
reaction between the raw material and the treatment agent.
%e external walls of the acacia fiber are composed mainly of
hemicelluloses and the interfiber joining lamellae are

composed of lignin.%e latter joins the wood fibers together;
the hemicelluloses bind the cellulose and the lignins.

3.1.5. X-Ray Diffraction (XRD). %e X-ray diffractogram of
acacia sawdust is difficult to interpret and shows the exis-
tence of a small quantity of crystals. %e component of the
wood that crystallizes is cellulose and is organized into a
crystalline lattice by different ways.

%e X-ray diffraction curves of the three samples of raw
and chemically treated acacia sawdust are shown in Figure 4.
%e diffraction intensity increased after modification of the
acacia sawdust. %ese results reveal an increase in the
crystallinity index following the chemical treatment applied
to sawdust, which are due to the improvement in the order of
crystallites. %e degree of crystallinity of the cellulose is
higher in the treated samples than in the raw sawdust, due to
the reduction of hemicelluloses during chemical treatment.
However, the chemical treatment of acacia sawdust with HCl
has an effect on increasing the crystallinity of the material,
which is higher than that of acacia sawdust treated by NaOH.
%ese observations are consistent with those of Alemdar
et al. who made similar studies [31] on untreated and
chemically treated Scots pine sawdust.
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3.2. Biosorption Studies of Synthetic Dyes

3.2.1. Kinetic Biosorption. %e sorption kinetic describes the
rate of the reaction making it possible to determine the
contact time involved in order to reach the equilibrium of
the reaction. %e kinetic sorption of the both dyes onto
A-HCl and A-NaOH is presented in Figure 5. It could be
seen that the biosorption process of brilliant blue is rapid;

the equilibrium is reached after 40min for A-NaOH and also
for A-HCl. %is moment is considered optimal for the re-
moval of 7.789mg/g and 6.758mg/g of BB, respectively, on
A-NaOH and on A-HCl. As for the methylene blue dye, the
optimal time was reached up to 90min for A-NaOH and
A-HCl corresponding to a maximum capacity of 223.78mg/
g and 209.46mg/g, respectively. %erefore, the biosorption
efficiencies of chemically treated acacia sawdust are greater
for methylene blue than for brilliant blue. However, it was
seen that NaOH-treated sawdust exhibits a high adsorption
capacity than that one treated by HCl.

%e kinetic biosorption was initially fast for both dyes,
which may be justified by the availability of active sites on
the surface of the biosorbents. %en, it becomes slower until
it reaches equilibrium. %is can be due to the reduction of
the contact surface after occupation of the majority of the
active sites by each dye, which allows the creation of a
competition with the remaining ions in solution.

In order to characterize the sorption efficiency of BB and
MB onto the both sorbents, two kinetic models are used
including the pseudo-first-order and the pseudo-second-
order kinetic models.

%e pseudo-first-order rate of Lagergren is based on
solid capacity.%is model considers the rate of occupation of
sorption sites to be proportional to the number of unoc-
cupied sites. It is one of the most widely used models for the
sorption of a solute from liquid solution. It is generally
represented as follows [32]:

(a) (b)

(c)

Figure 3: SEM images: (a) raw-A, (b) A-HCl, and (c) A-NaOH.
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q � qe 1 − e
− k1t

 , (6)

where qe and q (both in mg/g) are, respectively, the amounts
of metal sorbed at equilibrium and at any time t (min) and k1
(1/min) is the rate constant of sorption.

%e pseudo-second-order model proposed by Ho and
McKay [33] is based on the assumption that the sorption
follows second-order chemisorption. %e pseudo-second-
order model may be expressed as follows:

q �
k2q

2
e t

1 + k2qet
, (7)

where k2 (g/mg.min) is the rate constant of pseudo-second-
order sorption.

%e kinetic model fitting curves and the comparison of
experimental and calculated sorption capacity (q) values can
be used to establish the adapted kinetic models. Also, the
obtained correlation coefficient (r2) is considered a main
factor to determine the adequate kinetic models and describe
the sorption kinetics.

%e parameters of the pseudo-first-order and pseudo-
second-order kinetic models are calculated with the aid of
the nonlinear regression. %e obtained data are presented in
Table 2. From these results, the correlation coefficients of the
pseudo-first-order model obtained for BB and MB bio-
sorption are higher than those ones of the pseudo-second-
order model. %e theoretical qe biosorption capacities gave
acceptable values when compared to the experimental ones
for the both dyes in the pseudo-first-order model. %us, the
reaction involved in the present biosorption process is
suitable to pseudo-first-order kinetic model. As a result, this
model can describe very well the sorption process of the BB
and MB onto the both biosorbents. It could be concluded
that the removal of these dyes by studied biosorbents may be
done with a physical sorption.

3.2.2. Influence of Biosorbent Dose. %e variation of the
percentage removal of BB and MB in function of the mass of

the both biosorbents is presented in Figure 6. %is figure
shows that the biosorption reaction in a static reactor is
very rapid by a strong discoloration by the both bio-
sorbents. A mass ratio of 0.5 g/L for A-NaOH and A-HCl is
considered optimal with a higher percentage of removal of
BB andMB.%erefore, it can be seen that the increase of the
biosorption yields of brilliant blue and methylene blue is
not seemed to be affected by the increase in the mass of
acacia sawdust. %is could be attributed to a partial ag-
gregation of the biosorbent which reduces the effective
surface area for the biosorption.

3.2.3. Isotherm Sorption. Figure 7 shows the isotherm
sorption of brilliant blue and methylene blue onto A-HCl
and A-NaOH. It is clear that the biosorbed amount of the
dye increases with increase of equilibrium concentration.
%e plots of the both studied isotherms indicate the type (L)
form for the acacia sawdust treated with NaOH for the both
synthetic dyes, and this type presents at a low concentration
of the biosorbent in solution a downward concavity which
reflects a decrease of free sites as the biosorption progresses.
On the other hand, the biosorption of the both dyes onto
acacia treated with HCl denotes an isotherm of the type (S)
form. %e description of the sorption isotherms is carried
out by the application of Langmuir and Freundlich models:

(1) Langmuir Model. %e Langmuir isothermmodel assumes
that sorption comes from the monolayer coverage of ad-
sorbate over a homogeneous adsorbent surface [34]. %is
model supposes that sorption occurs on specific homoge-
neous sites within the adsorbent and all its sorption sites are
energetically identical. %e Langmuir isotherm can be
written in the following form:

qe �
qm ∗KL ∗Ce

1 + KL ∗Ce( 
, (8)

where qm (mg/g) is the maximum monolayer biosorption
capacity and KL (L/mg) is the Langmuir equilibrium
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Table 2: Pseudo-first-order and pseudo-second-order kinetic parameters for the sorption of BB and MB onto A-NaOH and A-HCl.

Dye Biosorbent qexp (mg/g)
Pseudo-first-order Pseudo-second-order

qe (mg/g) k1 (1/min) r2 qe (mg/g) k2 (g/mg min) r2

BB A-NaOH 7.789 7.705 0.329 0.989 7.592 0.607 0.987
A-HCl 6.758 6.436 8.955 0.964 6.491 1.158 0.963

MB A-NaOH 223.46 227.38 0.044 0.998 187.43 −1.008 0.740
A-HCl 209.00 221.77 0.030 0.999 163.92 1.194 0.988
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constant related to the biosorption affinity. Ce is the equi-
librium concentration.

(2) Freundlich Model. %e Freundlich isotherm is an em-
pirical model of heterogeneous surface sorption with non-
uniform distribution of heat sorption and affinities [35]. %e
form of the Freundlich equation can be stated as follows:

Qe � KFC
1/n
e , (9)

where KF (mg1−1/n g−1 L1/n) and n are Freundlich constants.
n is the heterogeneity factor related to biosorption affinity
and KF is related to the biosorption capacity.

If the values of n are in the range of 1–10, it can be
considered that the biosorption process indicates a favorable
and slightly difficult biosorption. However, the biosorption
is very insignificant when n is lower than 1. Also, if the value
of n is equal to unity, the biosorption is linear; if the value is
below unity, it can be deduced that biosorption process is
chemical, and if the value is above unity, adsorption is a
favorable physical process.

Biosorption parameters of Langmuir and Freundlich
models of BB and MB onto A-HCl and A-NaOH are
grouped in Table 3. From this table, the Langmuir model
indicates higher values of correlation coefficients in the
biosorption of the both dyes onto A-NaOH and A-HCl. In
addition, the Langmuir model has higher r2 values than
the Freundlich isotherm model. %ese results indicate that
the biosorption of BB and MB is more fitted to Langmuir
model.

In fact, it could be seen that the biosorption onto
A-NaOH is more efficient than that one onto A- HCl.
%is result could be due to the greater surface area of
A-NaOH, where the NaOH increases the dissociated
groups and creates well-developed pores on the surface of
the material. It appears that the large specific surfaces
have a greater biosorption capacity unlike the lower
surfaces under the same conditions of experience. On the

other hand, the biosorption of MB is greater than that of
BB onto the both biosorbents, and this may be due to the
molecular weight of MB that was lower when compared
to the BB molecule. Also, BB dye has a large structure
with aromatic cycles and contains SO3

-groups which are
special orthogonal groups in 3 dimensions; it is a highly
reactive substance. It could be deduced that the BB dye
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Figure 7: Isotherm sorption of BB onto A-NaOH (a), BB onto A-HCl (b), MB onto A-NaOH (c), and MB onto A-HCl (d).

Table 3: Parameters relating to Langmuir and Freundlich isotherm
equations.

Langmuir Freundlich

R2 qmax
(mg/g) K (L/mg) R2 n K

BB A-NaOH 0.993 8.13 1.48 0.985 3.54 4.88
A-HCl 0.999 6.19 3.89 0.998 9.84 5.10

MB A-NaOH 0.986 267.04 0.02 0.961 3.27 38.43
A-HCl 0.998 230.65 0.01 0.990 2.19 12.20

Table 4: Comparison of maximum biosorption capacity of A-
NaOH and A-HCl for MB with corresponding low-cost
biosorbents.

Biosorbent q (mg/g) MB References
Diplotaxis harra 185.59 [18]
Glebionis Coronaria L. 258.76 [18]
Carica papaya wood 32.25 [36]
M. Bacillus subtilis 59± 0.6 [37]
Caulerpa racemosa var. cylindracea 5.23 [38]
Living biomass 1.17 [39]
Acacia fumosa seed shell 1.85 [40]
Coconut coir dust 29.50 [41]
Cereal chaff 20.30 [42]
Acacia sawdust-NaOH 267.04 %is study
Acacia sawdust-HCl 230.65 %is study
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has a complicated structure that may obstruct its
sorption.

%e maximum Langmuir biosorption capacities were
8.13, 6.19mg/g for BB and 267.04, 230.65mg/g in the case
of MB, respectively, for A-NaOH and A-HCl. %e bio-
sorption capacities for MB dye were compared to the
previous records of various low-cost biosorbents as
summarized in Table 4. It can be observed that the ex-
perimental data of the present study were found to be
higher than those of the most corresponding biosorbents
in the literature. %e higher biosorption capacities this
study can be due to the nature of functional groups
present on the surface of both biosorbents.

3.3. Biosorption Treatment of the Industrial Effluent

3.3.1. Physicochemical Characterization of the Studying Ef-
fluent before Biosorption. %e average values of physico-
chemical characterization results of the studying effluent are
listed in Table 5. %ese results were compared with those of
the limit values relating to the quality of wastewater dis-
charge standards into surface water [42]. It could be seen
that average values of samples present a temperature and a
conductivity less than the standard values; however, they
have higher values for the other parameters.

However, the results of the metallic characterization of
the studying effluents are listed in Table 6. %e analysis of
these results reveals a high concentration of chromium
0.908mg/L. It could be seen that it was the origin of the
toxicity of different dyes used in the treatment of jean, and
therefore, its value was higher to standards of recommended
rejects [42].

3.3.2. Biosorption Studies

(1) Kinetic Sorption. %e result of the kinetic sorption of the
polluted charge is shown in Figure 8. A strong increase in the
percentage removal at the beginning of the sorption process
has been seen. %e rapid step is probably due to the
availability of active sites on the both biosorbents. After that,
the biosorption becomes less efficient when the curve shows
a stagnation sign of stabilization and saturation of materials
when the equilibrium is achieved. %e times required to
reach equilibrium are respectively 30minutes of stirring for
biosorption onto A-NaOH and about 45minutes for A-HCl.
%e decolorization rates of the industrial effluent are 77%
and 98% for A-HCl and A-NaOH, respectively.

Table 5: Results of the physicochemical characterization of the industrial effluent.

Parameters T (°C) pH Conductivity
(μS. cmˉ1)

COD
(mg/L) BOD5 (mg/L) NTK (mg/L) P (mg/L) MES (mg/L)

Final discharge

Ech 1 27.5 8.99 188 662.4 338 140.1 2.4152 2444
Ech 2 27.1 9.03 182 653.6 349 112.08 — 1948
Ech 3 26.8 9.01 189 659.1 322 127.3 — 2192
Average 27.13 9.01 186 658.36 336.3 126.49 2.4152 2194.6@

Discharged Water Standards
(Bulletin Officiel., 2013) 30 5.5–8.5 2700 120 40 40 2 30

Table 6: Results of the metallic characterization.

Heavy metals (mg/L) Cd Cr Cu Ni Zn
Reject final 0.0482 0.908 <0.01 <0.01 0.3021
Discharged Water
Standards 0.2 0.5 3 5 5
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Figure 8: Adsorption kinetics of the industrial effluent on A-
NaOH and A-HCl (R� 1g/l, T� 25°C).
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Figure 9: Effect of adsorbent dosage on the discoloration rate of the
industrial effluent A-NaOH and A-HCl.
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%erefore, Figure 8 indicates that the decolorization rate of
the effluent onto A-NaOH is more significant than that sorbed
onto A-HCl.%is result suggests that the biosorbent treated by
NaOH contains more active sites than that treated with HCl.
Also, this higher sorption can be due to the large A-NaOH
surface area which is directly related to the porosity of this
adsorbent and the presence of many active sites on its surface.

(2) Effect of Biosorbent Dosage. %e data obtained from
experiments through variation mass of biosorbents are
presented in Figure 9. %e figure shows that the percentage
removal of the polluted charge of the industrial effluent
increases when the mass of biosorbents increases. %is could
be due to the increase in the total available surface and the
number of active sites.

%e percentage of discoloration of the industrial effluent
increased from 27.2% to 73.05% and from 34.7% to 92.8%
when the mass of biosorbents is increased from 0.5 to 4 g/L,
respectively, for acacia sawdust treated with HCl or NaOH.
%e biosorption yield was almost stable when the mass ratios
were greater than 1.5 g/L and 1 g/L for the A-HCl and
A-NaOH biosorbents, respectively.

According to these curves, it can be concluded that the
biosorption onto A-NaOH was greater than that one onto
A-HCl. %is result can be attributed to the point of zero
charge and the large A-NaOH surface area.

3.3.3. Characterization of the Industrial Effluent after Bio-
sorption Treatment. %e results of the characterization of the

industrial effluent after biosorption and biological treatment
elaborated by the textile industry are given in Figure 10.

From this figure, it appears that the treatment of in-
dustrial effluent by the biosorption on chemically treated
acacia sawdust or by biological treatment carried out by the
industry itself remains insufficient. %erefore, the combi-
nation of the both treatments was recommended for better
results since the biological treatment gives better results in
terms of biological parameters (COD and BOD5); however,
the physicochemical treatment treats effectively the color,
the MES, and the odor of the studied effluent.

4. Conclusion

In this work, chemically treated acacia sawdust was used as
low-cost biosorbents for the removal of methylene blue and
brilliant blue from aqueous solutions. %is study investi-
gated the optimal parameters for the removal of textile dyes
using the both biosorbents derived from acacia sawdust
A-HCl and A-NaOH. %e ability of these materials was
investigated using kinetic and equilibrium studies and the
effect of dosage adsorbents. In fact, the biosorption of BB
and MB increases with the increase of the biosorbent dosage
with an optimum at 0.5 g/L. It was found that the sorption
process was very rapid; the equilibrium time was obtained at
40min for BB and 90min for MB. %e biosorption kinetic
data were more suitable to the pseudo-first-order kinetic
model. %e equilibrium uptake of these dyes was increased
by the increase of the initial concentration. %e biosorption
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Figure 10: Characterization of the industrial effluent after treatment.
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equilibrium data of the brilliant blue and methylene blue
dyes onto the both biosorbents were best fitted according to
the Langmuir isotherm model. %e biosorption capacities
are 8.13 and 267.04mg/g onto basic sawdust acacia and 6.19
and 230.76mg/g onto acidic sawdust acacia, respectively, for
BB and MB sorption. Under the experimental conditions,
the A-NaOH gives more effective results than A-HCl,
whereas raw sawdust acacia does not give satisfactory results
since it relives a remarkable coloration in the solution.

For more enhanced adsorption results, a real final effluent of
textile industry was treated. %e kinetic sorption of this effluent
was rapid with a mass ratio of 1 g/L with a higher removal of
polluted charges through A-NaOH. However, the adsorption
process combined with a biological treatment investigates a
better result by studying physicochemical characteristics.

Data Availability

%e characterization methods data and reagent materials
and used biosorbents data used to support the findings of
this study are included within the article. %e water samples
and their methods of analysis are those recommended by
AFNOR and enacted by Rodier (J. Rodier, L’Analyse de
l’eau, 9ième Edition. L’analyse de l’eau-9ème édition-Eaux
naturelles, eaux résiduaires, eau de mer (2009)). %e iso-
therm models data, kinetic models data, and maximum
biosorption capacity of low-cost biosorbents data used to
support the findings of this study have been deposited in the
references. Previously reported (Discharged Water Stan-
dards (Bulletin Officiel., 2013)) data were used to support
this study and are available at (Bulletin Officiel, Edition de
traduction officielle, royaume du Maroc, N° 6202. (2013)).
%ese prior studies (and datasets) are cited at relevant places
within the text as references. %e preparation and charac-
terization of biosorbents data used to support the findings of
this study are available from the corresponding author upon
request.
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