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a b s t r a c t
The aim of this work is to study the removal of Basic Blue 3 (BB3) and Methylene blue (MB) from 
aqueous solutions using raw and chemically treated cedar sawdust as eco-friendly and sustain-
able bioadsorbents. The raw and treated cedar sawdust (CS) samples were activated with NaOH 
(0.1 N) and HCl (0.1 N) solutions. The surface characteristics of the bioadsorbents were analyzed 
by diverse physico-chemical methods such as scanning electron microscopy with energy-dispersive 
X-ray analysis, Fourier transform infrared spectroscopy, point of zero charge (pHpzc), X-ray diffrac-
tion. The monitoring of the optimal experimental conditions of the different parameters such as dye 
concentration, contact time, adsorbent dose and solution pH were performed in a batch system. 
Experimental results show that the adsorption process is rapid and reaches equilibrium after 1 h 
of contact time. The adsorption capacities of the CS bioadsorbent depend on the pH of the solu-
tion and adsorbent dose. Consequently, the adsorption of BB3 and MB is favored at basic pH with 
the maximum adsorption percentage removal of 98% for BB3 and 99.8% for MB. Adsorption kinet-
ics and equilibrium isotherm parameters were fit using two classic adsorption models (Langmuir 
and Freundlich). The adsorption kinetics of dyes onto CS followed could be described well with 
the pseudo-second-order model, whereas the equilibrium data fitted well to the Langmuir iso-
therm model with a correlating constant (R2) higher than 0.98. The maximum adsorption capacities 
(Qmax) onto of raw-CS, HCl-CS and NaOH-CS were estimated to be 47.62, 71.94 and 76.92 mg g–1 
for MB and 33.67, 72.46 and 85.3 mg g–1 for BB3 respectively, showing that the NaOH-CS adsor-
bent is about 1.6–2.6 time more efficient that the natural-CS. As a result, chemically treated cedar 
sawdust has great potential as an inexpensive and readily available alternative bioadsorbent for 
the removal of cationic dyes from industrial wastewaters.
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1. Introduction

Wastewater effluents from the textile, food and phar-
maceutical industries contain a wide variety of dyestuffs 
[1]. Due to their complex structure, they are very difficult to 
treat by conventional wastewater treatment methods (chem-
ical or biological) [2]. In addition, the presence of synthetic 
dyes in natural water sources can lead to serious problems, 
such as risks to public health and the environment [3–5]. 
It is estimated that approximately 50,000 tons of dyestuffs 
are released annually into the effluents of the dyeing and 
staining industries [6]. In order to reduce all these harm-
ful effects, it is necessary to remove dyes from industrial 
effluents before discharging them into the environment [7].

Many techniques have been tested and used for the 
treatment of effluents loaded with dyes such as membrane 
separation [8], ozonation [9], anodic oxidation [10,11], pho-
tocatalytic oxidation [12,13] and biological degradation [14]. 
However, several of these techniques have limited applica-
bility because of the important generation of secondary pol-
lution, high investment, operational and maintenance costs 
due to huge consumption of energy and chemicals [15].

Adsorption is considered an attractive method for 
wastewater treatment because of its low cost, simple design, 
ease to operate and insensitivity to toxic pollutants [16]. 
Activated carbon is an efficient adsorbent for wastewater 
treatment applications [17], but it is still considered very 
expensive and not able to be regenerated after use.

Therefore, the development of efficient and inexpen-
sive alternative adsorbents for dyes removal is attracting 
increasing attention worldwide [10,18,19]. In this regard, 
raw cedar sawdust (CS) could be used as a low-cost bioad-
sorbent and widely available solid waste, especially after 
its chemical modification that has been shown to be more 
effective than raw sawdust in removing toxic dyes from 
contaminated water through an adsorption process [20] due 
to their relatively high specific surface areas and important 
concentration of functional groups that actively contribute 
to the fixation of dye molecules on their surface site.

Hence, the aim of this study was to contribute to the 
efforts of valorizing the agricultural by-products and to 
investigate the feasibility of applying natural and activated 
cedar sawdust, as an adequate bioadsorbent in the removal 
of two cationic dyes, Basic Blue 3 (BB3) and Methylene 
blue (MB) from textile industries at low cost.

The surface properties of the raw and activated chemi-
cally bioadsorbent have been characterized by several tech-
niques, such as scanning electron microscopy (SEM) coupled 
with energy-dispersive X-ray analysis (EDX), Fourier trans-
form infrared spectroscopy (FTIR), the pH of the point of zero 
charge (pHpzc). In addition, the effect of different operational 
conditions (i.e., pH of the solution, initial dye concentra-
tion, contact time and adsorbent dosage) are evaluated. 
Additionally, kinetic and equilibrium models are applied to 
the experimental data and the best models are selected.

2. Materials and methods

2.1. Materials

The CS samples were collected from the Fez region in 
Morocco, and cut into small portions, then crushed using 

a domestic grinder. It was then washed several times 
with tap water, and rinsed with distilled water to remove 
impurities present on the surface. Samples were dried in 
an oven at 100°C for 24 h. Subsequently, the crushed sam-
ples were sieved through a 100 µm sieve and used in all 
experiments. Samples were kept in hermetic glass bottles 
namely as natural-CS.

Two different commercial dyes were used in this study 
without further purification: Basic Blue 3 (BB3) (C20H26ClN3O; 
Mw = 359.89 g mol–1, purity > 99%, λmax = 654 nm) and 
Methylene blue (MB) (C16H18ClN3S; Mw = 319.85 g mol–1; 
purity > 99%, λmax = 664 nm). They were purchased from 
Sigma-Aldrich Chimie S.a.r.l. (Lyon, France) and Bestchem 
Hungária Kft, (Budapest, Hungary), respectively.

2.2. Chemical treatments of cedar sawdust

In order to increase the adsorption capacity, the material 
underwent activation of the adsorption sites by two differ-
ent chemical treatments (alkaline treatment with sodium 
hydroxide and an acid treatment using chloric acid).

The activation of the cedar sawdust was carried out in 
a 500 mL batch reactor at a temperature of 25°C. A mass 
of natural-CS was treated with 500 mL of 0.1 N reagent 
solutions (HCl (0.1 N) and/or NaOH (0.1 N)). The mixture 
was stirred for 24 h. The treated CS was filtered and then 
washed several times with distilled water until the pH 
was neutralized to remove the excess chemical. Finally, the 
recovered CS was dried at a temperature of 110°C, then 
crushed and sieved in a 100 µm sieve, then stored in a 
vacuum desiccator under to following names HCl-CS and 
NaOH-CS for further application.

2.3. Characterization of cedar sawdust

The CS bioadsorbent was subjected to physico-chemical 
and morphological characterization using different instru-
mental techniques: Brunauer–Emmett–Teller-specific surface 
area measurement (ASAP 2020 Micromeritics sorption ana-
lyzer, Norcross, GA, USA), X-ray diffraction (XRD, Philips 
Analytical X-ray PW1710 diffractometer), scanning electron 
microscopy (SEM, JSM-IT500HR, JEOL, Japan) and Fourier 
transform infrared spectroscopy (FTIR) using a VERTEX 70v 
spectrophotometer (Bruker Optics S.a.r.l., France) within the 
range of 4,000–400 cm–1.

The pH value required to give a zero net surface charge 
(pHpzc) of the CS adsorbent was determined according to 
the procedure described by Bencheqroun et al. [21,22].

2.4. Adsorption experiments

Batch adsorption experiments of dyes onto CS bioadsor-
bent (natural or activated) were carried out to investigate 
the influence of bioadsorbent dosage, pH of the solution, 
contact time, initial concentration dye on the dye adsorption 
capacity. The dose-effect of CS was studied by adding vari-
ous dosages of raw or activated CS in a range of 0.02–0.6 g 
to flasks containing 20 mL of dye solution with concentra-
tions ranging from 5 to 500 mg L–1 without pH adjustment 
(pH = 7) at room temperature (25°C). The mixtures were 
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agitated at 200 rpm until reaching equilibrium using a water 
shaker bath for 24 h.

The adsorption kinetics were studied by introducing the 
optimal dose of raw CS in a volume of 500 mL of the dye 
without adjustment of the pH. Samples were taken after var-
ious contact times ranging from 5 to 180 min to determine 
the dye residual dye concentrations.

For the isotherms experiment, samples were kept in 
agitation for 3 h, using the optimal dose of CS (10 g L−1 
for MB and 15 g L–1 for BB3) without adjustment of the 
pH (pH 7), whereas the dye concentration varied from 0 
to 11,000 mg L–1. After each experiment, the separation of 
the two phases (CS and dye solution) was done by centrif-
ugation at 4000 rpm for 10 min and then the BB3 and MB 
residual concentrations were determined by UV-Visible 
spectrophotometer (UV1600 spectrophotometer) at a maxi-
mum wavelength, λmax = 654 nm for BB3, and λmax = 664 nm 
for MB. Dilutions were made when measurements exceeded 
the linearity of the calibration curves. A similar proce-
dure was carried out for all other adsorption tests on CS. 
All batch experiments were performed in duplicate and 
the standard error was less than 4%.

The total adsorbed amount of dye at equilibrium per 
mass of CS (qe, mg g–1) and the adsorbed amount of dye at 
different time (qt, mg g–1) were determined by mass bal-
ances according to the following equation [23]:

q
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,�
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The removal efficiency (%) can be calculated as follows:
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where c0 (mg L–1) and ct,e (mg L–1) are dye concentrations at 
the beginning and at specific or equilibrium time, respec-
tively. m is the mass of adsorbent (g), and V is the total vol-
ume of adsorption solution (L). The influence of operating 
conditions on the adsorption of dye onto cedar sawdust 
was studied in a batch system.

3. Results and discussion

3.1. Characterisation of cedar sawdust

The specific surface area and porosity of the CS sample 
were determined using nitrogen adsorption–desorption at 
77 K. the CS was degassed before analysis at 383 K for 4 h 
under vacuum at <10−2 Pa in order to remove all physically 
adsorbed water molecules and small organic impurities.

The specific surface area (SBET) of CS determined using 
nitrogen adsorption–desorption at 77 K is presented in Fig. 1. 
The CS bioadsorbent has a very low specific surface area 
(1.33 m2 g–1). According to the IUPAC classification [24], this 
CS bioadsorbent is thus considered nonporous. However, 
this value obtained does not represent the actual pore texture 
available during the adsorption. Thus, the adsorption of the 
organic material on this material occurred according to the 
main mechanism that takes place in the pores or capillaries 
on the outer surface of the adsorbent material.

The pHpzc value of CS material is presented in Table 1.  
At pH conditions higher than the pHpzc, the adsorbent  

surface will be negatively charged; which favors the 
adsorption of cationic dyes like BB3 and MB. Whereas, in 
the pH region according to the pHpzc, positively charged 
sites will dominate on the adsorbent surface [25], which 
is in accordance with the results given by the acid-base 
neutralization method which justifies that acid groups are 
the most predominant [26].

The CS diffraction pattern has been given in Fig. 2. 
The peaks observed at 15° and 23° are characteristic of the 

Table 1
Value of pHpzc of natural and activated CS

pHpzc

Natural-CS 4
HCl-CS 2.79
NaOH-CS 6.96
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Fig. 1. N2 adsorption–desorption isotherms of the CS adsorbent 
at 77 K: ●: adsorption;   : desorption.

 
Fig. 2. X-ray patterns of natural and activated CS.
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biomass of lignocellulosic CS material. The maximum peak 
intensity observed on 2θ of 23° corresponds to the cellu-
lose plane (0 0 2). The lowest diffraction peak at 2θ of 15° 
has been attributed to lignin and hemicellulose levels, 
which contribute to the amorphous nature of CS [23].

The SEM-EDX technique was used in order to obtain 
the information on chemical composition and surface mor-
phology of the bioadsorbent [27].

SEM images of the porosity of raw and activated cedar 
sawdust (natural-CS, HCl-CS and NaOH-CS) surface before 
adsorption are illustrates in Fig. 3. The pictures exhibit 
a clear sight of the pores at the surface of the bioadsor-
bents. The raw CS surface morphology appeared to pos-
sess an uneven structure and porous cavities. With these 
characteristics, the CS surface morphology can be consid-
ered very adequate as an active site for the adsorption of 
dyes. Similarly, the pictures show a significant difference 
between the surface morphology of the raw and treated CS. 
From Fig. 3 it can be seen that NaOH is an effective agent 
in creating well-developed pores on the surface of the CS 
bioadsorbent. The chemically activated sawdust shows a 
well-developed surface morphology that is clearly visible 
with the existence of a heterogeneous porous structure that 
provides a large surface area that allows easy access for 
bioadsorption of the dyes.

The results of quantitative content of CS bioadsorbent 
obtained by EDX method [28] are given in Table 2.

The main components of CS are carbon (61.02%) and 
oxygen (38.98%). The CS is lignocellulosic biomass mainly 

composed of cellulose, hemicellulose and lignin, which 
contribute to the distribution of various oxygen functional 
groups on the biosorbent surface.

The FTIR analysis was used in the paper to identify the 
characteristic functional groups present on the surface of 
CS bioadsorbents and responsible for the removal of dyes 
from the aqueous solutions.

The FTIR spectrum of raw and treated CS (Fig. 4) 
revealed the presence of a broad and strong absorption band 
around 3,500–3,200 cm–1 with an intense band at approxi-
mately 3,350 cm–1 which may be attributed to the overlap-
ping of O–H and C–H stretching vibration in hemicellulo-
ses, cellulose and lignin. This band is characteristic of the 
stretching vibration of hydrogen bonding of the hydroxyl 
group linked in cellulose, lignin, adsorbed water, and N–H 
Stretching. The band at 2,925 cm–1 is attributed to the asym-
metric or symmetric C–H stretching vibrations of cellulose 
and hemicelluloses aliphatic [29].

The absorption peak observed at 1,630 cm–1 is assigned 
to stretching vibration of carboxyl groups of the acetyl, or 

 
Fig. 3. SEM images of CS: (a) natural-CS, (b) HCl-CS and (c) NaOH-CS (1,000×).

Table 2
Quantitative composition of CS adsorbent dye EDX analysis

Element Weight (%)

C 61.02
O 38.98
Total 100.00
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uronic ester groups of hemicelluloses [30]. The peaks regis-
tered in the range of 1,250 and 1,536 cm–1 could be ascribed 
to a conjugated hydrogen-bonded carbonyl group. The peak 
at 1,452 cm–1 indicated the presence of the functional groups 
C–O–H, C–O and C–H related to carboxylic acids groups [31]. 
The band at 893 cm−1 is related to C–H rocking vibrations of 
cellulose. The C–C ring breathing band at 1,150 cm−1 can be 
attributed to the presence of cellulose in the CS structure.

It is to highlight that the complete disappearance of 
the absorption band at 1,735 cm−1 disappeared after the 
alkaline treatment of CS by NaOH. This band is typical 
of the carbonyl functions of carboxylic acids, esters and 
aldehyde groups related to lignin.

Consequently, the FTIR results indicated that the bioad-
sorbents presented different functional groups (hydroxyl, 
carboxyl and carbonyl), which may be potential bioadsorp-
tion sites for BB3 and MB dyes.

3.2. Effect of the bioadsorbent dose

The influence of the raw and activated CS dosage on 
dye removal and adsorbed amount of dye at 25°C and pH 
7 was investigated by varying the bioadsorbent dose from 
0.025–0.6 g using 20 mL of the 300 mg L–1 solutions of BB3 
and MB (Fig. 5).

As seen from Fig. 5, increasing the CS dosage from 
0.025 to 0.2 g for BB3 and 0.3 for MB leads to the great-
est dye reduction from 39% to 92% for MB and 57% to 99% 
for BB3 which is due to the high availability of adsorption 
sites. The high dye removal efficiency measured for the 
optimum dose of CS (0.2 g of CS for MB and 0.3 g CS for 
BB3) are 92% and 99%, respectively. Increasing the bioad-
sorbent dosage beyond this mass of CS, the dye removal 
efficiency changed a little. This behavior may be due to the 
number of adsorption sites that increases with the amount 
of adsorbent up to the optimal masses at which the num-
ber of sites becomes stable. This behavior can be explained 
by: As long as the amount of adsorbent added to the dye 
solution is low, the cations of the dye can easily access the 
adsorption sites. The addition of adsorbent increases the 

number of adsorption sites, but the dye cations have more 
difficulty approaching molecules to adsorption sites on the 
CS bioadsorbent due to the bulkiness. A large amount of 
adsorbent creates agglomerations of the bioadsorbent par-
ticles, resulting in a reduction in the total adsorption sur-
face area and, consequently, a decrease in the amount of 
adsorbate per unit mass of adsorbent.

It can also be observed that the adsorption capacity of 
raw and activated CS towards MB and BB3 decreases with 
the increase of the adsorbent dose, which may be due to 
particle interaction (aggregation).

Therefore, the experimental results showed that the 
optimal dosage of CS bioadsorbent was established at 
10 g L–1 for BB3 and 15 g L–1 for MB. This is the optimal dose 
of CS bioadsorbent to be applied in subsequent tests.

3.3. Effect of solution pH

The pH of the aqueous solution is an important process 
control parameter in the dye adsorption process. The effect 
of pH was studied at different pH values (2–12) employ-
ing the dye concentration of 300 mg L–1 with an adsorbent 
dose of 10 g L–1 for BB3 and 15 g L–1 for MB at a temperature 
of 298 K for 3 h contact time.

The effect of solution pH on the removal efficiency 
of MB and BB3 by the raw and activated cedar sawdust 
is shown in Fig. 6. It is clear that the bioadsorption of the 
two dyes was low in an acidic medium and increases with 
increasing the solution pH. The removal efficiency of the 
two dyes (MB and BB3) by NaOH-CS reached 98% for BB3 
and 99.8% for MB, followed by the activated HCl-CS and 
the natural-CS. It is noticed that the removal efficiency of 
the two dyes was gradually increased with increasing pH 
from 2 to 8, then it became stable after pH 8. This may be 
due to the fact that the carboxyl and hydroxyl active sites 
of the biosorbents get deprotonated and the surface of the 
sawdust is negatively charged at pH > pHpzc, which favors 
the adsorption of the cationic dyes BB3 and MB onto the 
bioadsorbent. On the other hand, at pH values < pHpzc, the 
surface of the sawdust is positively charged, and therefore 
capable of repelling the cations of the dye. As pH decreases, 
the number of negatively charged sites decreases, and the 
number of positively charged sites increases [32,33].

3.4. Adsorption kinetics

In order to assess the influence of contact time on the 
adsorption of MB and BB3 from aqueous solutions by the 
raw, HCl-CS and NaOH-CS, a kinetic study was performed 
for contact time varying from 1 to 180 min. The results of 
the experiments are represented in Fig. 7.

The adsorption was found to be rapid during the ini-
tial period (0–20 min) of the bioadsorption process due to 
the presence of a large number of sites of adsorption on CS 
bioadsorbent accessible for dyes molecules. Then, the rate 
of adsorption gradually becomes slower and it stagnates 
corresponding to the equilibrium point. With increasing 
bioadsorption time, there was a decrease in the amount of 
easily accessible surface adsorption sites for the residual 
dye molecules interaction. The equilibrium time was 1 h for 
both dyes (BB3 and MB) onto natural and activated CS.
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Fig. 4. FTIR spectrum of the raw and activated CS.
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In order to characterize the kinetics involved in the 
adsorption process, the experimental data were ana-
lyzed using two different kinetic models like pseudo-first- 
order and pseudo-second-order. Where the kinetic data 
were analyzed based on the regression coefficient (R2) and 
the adsorbed amount of dye. The pseudo-first-order kinetic 
model [34] is given according to the following equation:

q q et e
k t� �� ��1 1  (3)

where qt and qe are the adsorption capacity at time t and 
equilibrium time, respectively and k1 is the pseudo-first-or-
der model rate constant. The pseudo-second-order kinetic 
model [35–37] is represented in Eq. (4):

q
k q t
k q tt
e

e

�
�
2

2

21
 (4)

where k2 (g mg–1 min–1) is the adsorption rate constants for 
the pseudo-second-order kinetic model.

The correlation coefficients R2 nearest to ~1 confirm 
that the best fit of the adsorption data of the two dyes 
(BB3 and MB) onto the three bioadsorbents (natural CS, 
HCl-CS and NaOH-CS) are given by the pseudo-second-or-
der kinetic model as shown in Table 3. Furthermore, the 
values of the adsorption capacity Qmax calculated by the 
pseudo-second-order model agree well with the exper-
imental values qexp when compared with the values given 
by the pseudo-first-order model. These results suggest that 
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Fig. 5. Effect of the mass on the adsorption of BB3 and MB onto raw and activated CS: (a) BB3 and (b) MB. Experimental conditions: 
initial concentration: 300 mg L–1; contact time = 3 h; agitation speed = 200 rpm; T = 25°C.
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chemical interactions are responsible for the adsorption 
of BB3 and MB by natural and activated CS by the estab-
lishment of electronic bonding between the functional 
groups on the surface of the CS and the molecule of MB 
or BB3, which involves electrostatic interactions, hydro-
gen-bonding formation, electron donor-acceptor or π–π 
dispersion interaction [38].

3.5. Adsorption isotherms

The adsorption capacity of the natural and activated 
cedar sawdust for BB3 and MB was assessed on the basis of 
adsorption isotherms. Fig. 8 represents the total adsorbed 
amount of dyes onto raw and treated cedar sawdust bioad-
sorbent at the equilibrium (qe).

In order to understand the nature of the interaction 
between CS and dyes, two isotherm models like Langmuir 
and Freundlich [39,40] were applied in the present study.

The mathematical expressions for these models are pre-
sented in Eqs. (5) and (6), respectively.

q
q K C
K Ce

m L e

L e

�
�1

 (5)

q K Ce F e
n= 1/  (6)

where KL (L mg–1) is the Langmuir equilibrium constant 
related to the energy of adsorption. qm and qe (mg g–1) are 
the maximum and the equilibrium adsorption capacities of 
the Langmuir model, respectively. Ce (mg L–1) is the equi-
librium concentration of the adsorbate. KF (L mg–1) is the 
Freundlich constant and 1/n is the heterogeneity factor.

Based on the obtained results in Fig. 8, it is noted that 
the adsorbed amount increases with increasing equilibrium 
concentration. This augmentation was due to a high driv-
ing force for mass transfer at high concentration in solution 
indicating that cedar sawdust has a high affinity for BB3 and 
MB. In fact, high concentration in solution implicates high 
dye fixed at the surface of the biodsorbents. The isotherms 
form was type L for raw-CS and HCl-CS and NaOH-CS.
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Fig. 6. Effect of the pH on the adsorption of (a) BB3 and (b) MB onto natural-CS, HCl-CS and NaOH-CS. Experimental conditions: ini-
tial concentration: 300 mg L–1; contact time = 3 h; weight ratio = 10 g L–1 for BB3 and 15 g L–1 for MB; agitation speed = 200 rpm; T = 25°C.
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The maximum Langmuir monolayer biosorption capac-
ities (Qmax) were estimated to 47.62, 71.94 and 76.92 mg g–1 
for MB and 33.67, 72.46 and 85.3 mg g–1 for BB3 respectively, 
in the case of Raw-CS, HCl-CS and NaOH-CS, showing that 
the NaOH-CS adsorbent is about 1.6–2.6 time more effi-
cient that the natural-CS.

The adsorption performance of BB3 and MB by CS 
changes according to different criteria such as molecular 
weight, molecule size, chemical charge and structure, and 
adsorbent properties. The reason for the better adsorption of 
BB3 and MB is the highest negative charge present on the 
surface of cedar sawdust, which has been justified, by net 
surface charge (pHpzc) and acid-base neutralization method 
and the surface charge of the dyestuffs, which is positive.
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Fig. 7. Effect of contact time on the adsorption of (a) BB3 and (b) MB onto CS. Experimental conditions: initial concentration: 300 mg L–1; 
contact time = 3 h; weight ratio = 10 g L–1 for BB3 and 15 g L–1 for MB; agitation speed = 200 rpm; T = 25°C.

Table 3
Kinetic model parameters of BB3 and MB dyes adsorption 
onto CS

Pseudo-first-order Pseudo-second-order

Qmax k1 R2 Qmax k2 R2

BB3
Natural-CS 13.91 0.29 0.91 14.39 0.06 0.99
HCl-CS 17.29 0.29 0.91 17.64 0.06 0.98
NaOH-CS 19.69 0.55 0.95 20.00 0.13 0.97

MB
Natural-CS 16.60 0.09 0.94 17.92 0.009 0.96
HCl-CS 18.20 0.19 0.95 18.98 0.03 0.97
NaOH-CS 20.00 0.20 0.91 20.55 0.03 0.98
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From these results, it can be noted that MB dye has a 
higher affinity for superficial functional groups in com-
parison with BB3. Also, it can be concluded that NaOH-CS 
adsorption capacity is better than that of raw-CS and 
HCl-CS due to the effect of the CS treatment since NaOH 
molecules affect the constructive of CS, rearrange the lignin 
and hemicelluloses matrix fibers, created well developed 
pores on the surface of the CS and lead to the appearance 

of negatively charged sites on the cellulose chains and new 
functional groups. These newly generated functional groups 
could present favorable linking sites for the MB and BB3 
dyes adsorption and consequently enhances the removal 
of these kinds of dyes from aqueous solutions [38].

The adjustment of the experimental data is given by the 
non-linear regression method (Table 4), which is based on 
the regression coefficient R2 of the two isothermal models 
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Fig. 8. Equilibrium data of (a) BB3 and (b) MB adsorption onto CS. Experimental conditions: contact time = 3 h; weight ratio = 10 g L–1 
for BB3 and 15 g L–1 for MB; agitation speed = 200 rpm; T = 25°C.
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(Langmuir and Freundlich). The Langmuir model is the most 
suitable to characterize the adsorption isotherm with a 
high regression coefficient of R2 = 0.98.

A comparison between the maximum bioadsorption 
capacities of CS for the removal of dyestuffs and other bio-
adsorbent was presented in Table 5. The CS showed a rela-
tively better bioadsorption potential for the removal of BB3 
and MB. The availability and cost-effectiveness of CS will 
provide a low-cost source of bioadsorbent for the sequestra-
tion of toxic dyes in industrial effluents.

3.6. Proposed mechanism for MB and BB3 adsorption onto CS

The adsorption mechanisms can be elucidated based on 
the analyses of raw and treated CS before and after adsorp-
tion of MB and BB3 by FTIR and SEM analysis. The results 
of CS characterization showed that it has a material com-
posed of celluloses, hemicelluloses and lignins. The chemi-
cal heterogeneity of the bioadsorbent surface with irregular 
and different sizes and shapes was confirmed by the SEM 
and FTIR analysis. The components of CS bioadsorbent were 
rich in hydroxyls, carbonyls, ethers, phenols, aldehydes, and 
aromatic compounds.

Electrostatic attractions can occur between the negatively 
charged sites on the surface of CS and the cationic MB and 
BB3 molecules in the solution (R–N+). The pH of the solution 
used in this study was ~7 and at this pH value, the (–COOH) 
groups of CS are ionized, forming negatively charged 
carboxylate (–COO–) groups. At this pH, the dispersed 

positive charge in MB (R–N+) is expected to have a weak 
electrostatic interaction with the (C–O–) and (COO–) sites 
in the adsorbent (Fig. 9).

The interactions can occur between the surface hydro-
gens of the hydroxyl groups on the CS surface and the 
nitrogen, oxygen atoms and H-acceptors of MB and BB3 
and between the hydroxyl groups on the CS surface and the 
benzene rings of two dyes MB and BB3.

The FTIR results demonstrated that the –OH groups 
at 3,350 cm–1 shifted toward slightly higher wavenumbers 
(Fig. 10), confirming the existence of both dipole−dipole. 
The carbonyl oxygens on the surface of the adsorbent act 
as electron donors, and the aromatic rings of MB and BB3 
act as electron acceptors. After adsorption of MB and BB3, 
some bands were shifted (1,630 cm–1) due to the adsorption 
of MB and BB3 on the surface of the CS bioadsorbent [47]. 
The adsorption of MB and BB3 onto CS adsorbent would 
take place include Van der Waals interactions and π-π 
stacking interaction between the benzene rings of two dyes 
and the delocalized-electron system of the bioadsorbent.

SEM images of CS bioadsorbents (raw CS, HCl-CS and 
NaOH-CS) after MB and BB3 adsorption provide additional 
information about the adsorption mechanisms.

Fig. 11 illustrates the porosity of the bioadsorbents 
surface through SEM images of raw CS and NaOH-CS 
surface before and after adsorption of MB and BB3. Fig. 
11a and j exhibit a clear sight of the pores at the surface 
of the adsorbent with an irregular structure, rough and 
porous surface. The CS bioadsorbents surface morphology 
appeared to possess an uneven structure and porous cavi-
ties. However, its surface morphology changed considerably 
by MB and BB3 adsorption and the surface of raw CS and 
NaOH-CS was thoroughly covered by two dyes molecules 
MB and/or BB3 dye via the adsorption process onto CS and 
NaOH-CS, as shown in Fig. 11c, e, i, k.

The EDX analysis of raw CS and NaOH-CS revealed the 
presence of C, O or Na (Fig. 11b and h) but after MB and BB3 
adsorption, one new peak of S element has appeared which 
also indicated the adsorption of MB or BB3 on the surface 
of CS (Fig. 11d, f, j, l).

4. Conclusion

Adsorbents prepared from cedar sawdust were suc-
cessfully used to remove cationic dyes Basic Blue 3 and 

Table 4
Isotherm constant parameters and correlation coefficients calcu-
lated for BB3 and MB adsorption onto raw CS

Langmuir model Freundlich model

Qmax KL R2 1/n KF R2

BB3
Natural-CS 47.62 0.01 0.98 0.34 4.96 0.81
HCl-CS 71.94 0.05 0.98 0.009 38.9 0.88
NaOH-CS 76.92 0.26 0.98 0.05 57.45 0.92

MB
Natural-CS 33.67 0.12 0.98 0.15 15.48 0.97
HCl-CS 72.46 0.08 0.98 0.08 43.07 0.94
NaOH-CS 85.3 0.18 0.98 0.14 40.37 0.82

Table 5
Comparison of biosorption capacities of CS with different bioadsorbents for the removal of BB3 and MB

Bioadsorbent
Bioadsorption capacities (mg g–1)

References
MB BB3

Raw CS 33.67 47.62 Present study
Posidonia oceanica 5.56 – [41]
Cashew nut shell 5.31 – [42]
Coconut coir dust 29.50 – [43]
Azadirachta indica leaf powder 19.61 – [44]
Durian peel – 49.50 [45]
Macroalgae Caulerpa lentillifera – 49.26 [46]
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Fig. 10. FTIR spectra of the biosorbents before and after MB and BB3 adsorption, (a) natural-CS, (b) HCl-CS and (c) NaOH-CS.

 

Fig. 9. Proposed mechanism of MB and BB3 adsorption on CS bioadsorbent.
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Methylene blue from an aqueous solution. The results 
obtained for BB3 and MB indicate that the activated cedar 
sawdust exhibited a higher percentage removal (94% for 
both BB3 and MB dyes) when evaluating the effects of ini-
tial concentration, contact time and pH in aqueous solutions 
compared to that of raw cedar sawdust, which showed lower 
values for BB3 and MB. Natural and activated cedar sawdust 
can remove cationic dyes better in dye mixtures. The adsorp-
tion kinetics of BB3 and MB on activated and row sawdust 
was best described using a pseudo-second-order model, 
indicating that the adsorption mechanism of BB3 and MB 
on adsorbents is governed by chemisorption. The mecha-
nism of the adsorption process was determined based on an 
intraparticle diffusion model. The adsorption data was well 
described by a model Langmuir isotherm. It is concluded 
that the activated sawdust prepared from cedar sawdust can 
be used as a natural and abundant resource for the removal 
of Basic Blue 3 and Methylene blue from wastewater.
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