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a b s t r a c t
This study aims to evaluate the technical feasibility of applying a low-cost alternative natural bio-
adsorbent obtained from the cone of the Moroccan cypress Cupressus sempervirens to remove dyes 
from contaminated waters. Methylene Blue (MB) and Congo Red (CR) dyes are used to represent 
basic and acid compounds present in wastewater of textile industries. The cone of this medium-sized 
coniferous evergreen tree was obtained from the Fez area and was characterised by different physi-
cal–chemical methods, including nitrogen adsorption–desorption isotherms, Fourier transform infra-
red spectroscopy, scanning electron microscopy, Boehm titration method and the pH of the point of 
zero charge (pHpzc). Additionally, the influence of operating conditions such as contact time, initial 
dye concentration, binary mixture of dye solutions, bioadsorbent dosages and solution pH were eval-
uated. Experimental results reveal that the adsorption processes take place very rapidly, reaching 
equilibrium at 30 and 45 min for MB and CR, respectively. Maximum adsorption capacities result 
to be pH dependents. Hence, MB adsorption is favoured under basic pH conditions, while CR is 
favoured at acidic pH. A pseudo-second-order kinetic model provides the best fit of the experimental 
data of MB and CR adsorption onto the biomaterial. Adsorption isotherm data are well represented 
by Langmuir, Freundlich and Dubinin–Radushkevich models. Langmuir model gives the best fit 
with a maximum monolayer sorption capacity of 144 and 25.02 mg g–1 for MB and CR, respectively. 
Experimental results indicate that the cone of Cupressus sempervirens could be used as a potential, 
low-cost bioadsorbent for the elimination of dyes from contaminated waters.
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1. Introduction

Currently, a great variety of dyes are used in paper- 
making, textile, food and pharmaceutical industries [1]. The 

presence of synthetic dyes in ecosystems poses a serious 
environmental and health threats, because most of them are 
toxic, mutagenic and carcinogenic [2].

These pollutants must be removed from wastewater 
streams to acceptable levels by appropriate methods. Because 
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of its low cost and operational simplicity, adsorption is 
widely used for the removal of dye pollutants from aque-
ous solutions [3,4]. Activated carbon is a good adsorbent 
for wastewater treatment applications; however, it is very 
expensive and it should be discharged after use. Therefore, 
the development of effective and low-cost alternative adsor-
bents for the removal of dyes is attracting more and more 
attention from worldwide researchers [5].

In this context, natural adsorbents appear as interest-
ing alternatives for cleaning polluted waters, since their 
application could result in a cost-effective process for dye 
removal. In this study, the technical feasibility of using inex-
pensive materials such as cones of Cupressus sempervirens 
as agricultural wastes is studied as a cheap alternative to 
expensive commercial activated carbons for removing col-
orants from waters. Among natural adsorbents, cones of 
Cupressus sempervirens (CCS) are found abundantly as agri-
cultural waste in Morocco. Hence, they are likely to become 
strong candidates as a bioadsorbent in the removal of dyes 
from aqueous solutions.

In this study, batch experiments using a Moroccan CCS 
from the Fez area as a bioadsorbent were carried out to 
determine the effect of different adsorption parameters such 
as pH, initial dye concentration, contact time and adsor-
bent dosages. Adsorption kinetics of Methylene Blue (MB) 
and Congo red (CR) dyes were evaluated by pseudo-first- 
order and pseudo-second-order kinetic models. Adsorption 
equilibrium was modelled using Langmuir, Freundlich and 
Dubinin–Radushkevich equations. The surface properties 
of the bioadsorbent were characterised by several tech-
niques, such as N2 adsorption isotherms, scanning electron 
microscopy (SEM) analyses and acid-base neutralisation 
method. Adsorption studies were performed using single 
dye molecules and binary mixtures. Additionally, MB and 
CR interactions with active sites of CCS surface were iden-
tified by Fourier transform infrared spectroscopy (FTIR) 
analysis.

2. Materials and methods

2.1. Materials

Samples of CCS were collected from the Fez area in 
Morocco, washed with tap water several times and then with 

distilled water in order to eliminate impurities present on the 
surface. Samples were dried in an oven at 110°C for 24 h, cut 
into small portions, and crushed using a domestic grinder. 
After that, grinded samples were sieved and particle sizes 
(<100 μm) were used in all experiments. Samples were stored 
in hermetic glass bottles. Fig. 1 shows the raw material and 
the grinded forms of the prepared bioadsorbent.

Two different commercial dyes were employed in this 
study: Methylene Blue (MB; C16H18ClN3S; Mw = 319.85 g 
mol–1; λmax = 664 nm) and Congo red (CR, C32H22N6Na2O6S2, 
Mw = 696.66 g mol–1, λmax = 500 nm). They were provided 
by Sigma-Aldrich Chimie S.a.r.l. (Lyon, France) and were 
used without any further purification.

2.2. Characterisation of the natural bioadsorbent

Specific surface area and pore volume of the CCS were 
determined from N2 adsorption–desorption isotherms at 
–196°C using a Micromeritics ASAP 2010 sorptometer (Micro-
meritics Corporate Headquarters, Norcross, GA, USA). Sample 
of CCS was degassed before analysis at 110°C for 10 h under 
vacuum at <10−2 Pa, in order to remove all physically adsorbed 
water molecules and small organic impurities. Chemical sur-
face composition of the CCS before and after adsorption of 
MB and CR was identified by FTIR, using a VERTEX70 spec-
trometer (Bruker Optics S.a.r.l., France) within the range of 
4,000–400 cm–1. Morphological features of CCS were analysed 
by SEM (FEIPhilips XL30 ESEM, Corporate Headquarters, 
USA).

The basicity and acidity of the CCS material were esti-
mated using the Boehm titration method [6]. A mass of 1.5 g 
CCS sample was placed in contact with 40 mL of the fol-
lowing solutions: NaOH (0.1 M), NaHCO3 (0.05 M), Na2CO3 
(0.05 M) and HCl (0.1 M). After that, the vials were sealed 
and stirred for 72 h at room temperature and then filtered. 
A volume of 10 mL of the filtrate was pipetted and the excess 
of base or acid was titrated with HCl (0.05 M) or NaOH 
(0.05 M), respectively. The total concentration of acidic 
sites was determined under the assumption that NaOH 
neutralises acidic sites of different strength (carboxylic, 
lactonic and phenolic groups), Na2CO3 neutralises carbox-
ylic and lactonic groups on CCS surface, and NaHCO3 neu-
tralises only carboxylic groups. The concentration of basic 

 

Fig. 1. Raw and grinded (60–120 μm particle size) forms of low-cost bioadsorbent CCS.
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sites was calculated from the amount of HCl consumed by 
the CCS.

The pH value required to give a zero net surface charge 
(pHpzc) was determined through the procedure described 
by Stumm and Morgan [7]. Briefly, volumes of 50 mL NaCl 
solutions (0.1 M) were transferred into series of flasks and 
their initial pH (pHinitial) was adjusted by adding NaOH 
or HCl solution between 2 and 12. Then, 0.1 g of CCS was 
loaded into each flask and Nitrogen was bubbled through 
the solutions. After that, the flasks were then shaken during 
72 h at 25°C. Subsequently, the solution pH of each flask was 
measured. Finally, the pHpzc was determined graphically 
where pHfinal = pHinitial.

2.3. Adsorption experiments

2.3.1. Singles adsorption studies

Dye adsorption experiments were conducted using a 
batch method. For that, 10 mg of the CCS was added 20 mL 
of dye solution with the desired initial dye concentrations 
(10 to 1,000 mg L–1) without adjustment of pH (pH 7). The 
mixtures were shaken at 200 rpm until the equilibrium 
was reached, using a water shaker bath with temperature 
fixed at 25°C. After that, the solid phases were separated 
from each solution by centrifugation. Finally, the remain-
ing concen trations of MB and CR were determined by UV/
Visible spectrophotometry (UV1600 spectrophotometer). 
Absorbance values of the solutions were measured at the 
maximum wavelengths for MB and CR (664 and 500 nm, 
respectively), as shown in Fig. 2.

The total amount of adsorbed dye per unit mass of 
CCS at the equilibrium (qe, mg g–1) and the amount of dye 
adsorbed at specific time (qt, mg g–1) were calculated using 
the following equation:

q
C C V

mt e
t e

,
,=

−( )0  (1)

where C0 (mg L–1) and Ct,e (mg L–1) are the initial and time t 
or the equilibrium concentrations of dye respectively; m (g) 
is the mass of bioadsorbent used and V (L) is the volume of 
the dye solution used in the experiment.

The percentage of dye removal (R, %) was expressed as:

R
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The effect of operating conditions on dye adsorption was 
studied. The initial dye concentration was varied between 
10 and 1,000 mg L–1. The pH of the solutions was fixed in 
the range of 2 to 12; whereas the contact time, particle size, 
bioadsorbent dosages and temperature were adjusted in the 
range of 0–150 min, 100–500 μm, 0.1–1.0 g and 25°C–45°C, 
respectively. All tests were performed in triplicates.

2.3.2. Binary adsorption studies

The binary adsorption of Methylene Blue and Congo Red 
(BM + CR) was assessed in a batch system. The adsorption of 
the mixture of dyes was carried by adding 0.4 g of CCS into 
flasks, containing 20 mL of BM + CR solution with a con-
centration that was varied between 100 and 1,000 mg L−1 at 
25°C. Experiments were carried out following the same steps 
as previously described for a single dye adsorption process. 
The concentration of MB and CR in the mixture was deter-
mined by measuring the absorbance at λmax MB = 664 nm and 
λmax CR = 500 nm. Thus, in a binary mixture of components, 
the concentrations of MB (CMB) and CR (CCR) were calculated 
as follows [8,9]:
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where kMB1
, kCR1

, kMB2
 and kCR2

 are the calibration constants; 
whereas d1 and d2 represent optical densities for MB and CR 
at wavelengths λ1 and λ2, respectively.

3. Results and discussion

3.1. Characterisation of the bioadsorbent

Fig. 3 displays equilibrium data of the adsorption–
desorption of N2 onto CCS measured at –196°C. CCS exhibits 
a Type II isotherm with a hysteresis loop, according to the 
IUPAC classification. Table 1 summarises physico-chemical 
characteristics of CCS. Results indicate that CCS is predomi-
nantly a mesoporous material, with a specific surface area of 
27.2 m2 g–1. According to Boehm titration results, the amount 
of acidic groups is significantly higher than the amount of 
basic groups. The material shows a pHpzc of 6.0. At pH con-
ditions higher than the pHpzc, the CCS surface will be nega-
tively charged; whereas in the pH region below to the pHpzc, 
positively charged sites will dominate on the adsorbent 
surface.
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Fig. 2. Typical UV–Vis spectrum of each single solution of MB, 
CR and a binary solution of both dyes (BM–CR). The inset 
shows the original colours of the dyes and the mixture.
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Fig. 4 depicts infrared vibrations of functional surface 
groups of raw CCS and upon the adsorption of dye mole-
cules identified by FTIR analyses. In the FTIR spectra, broad 
and superimposed bands between 3,200 and 3,500 cm–1 are 
attributed to the typical stretching vibrations of O–H groups 
[10,11]. The bands at 2,970 and 2,893 cm–1 are referred to 
the C–H stretching vibrations, suggesting the presence of 
alkane/alkene groups on the CCS surface [12]. The band at 
1,740 cm–1 is ascribed to C=O stretching vibration of ketones 
or aldehydes, lactones, or carboxyl groups present in hemi-
celluloses and lignin. The bands in the region between 2,000 
and 2,200 cm–1 are attributed to scissoring and rocking vibra-
tions of water. The band at 2,374 cm–1 is assigned to the C–O 
stretching vibrations. The band at 1,635 cm–1 in raw material 
(Fig. 4a) corresponds to bending vibration of O–H groups 

and is shifted to 1,606 and 1,590 cm–1 after MB and CR are 
loaded onto CCS surface, respectively. It could be due to the 
involvement of hydrogen from the O–H group in the for-
mation of surface complex with intramolecular hydrogen 
bonding, which facilitates the sorption of dye molecules 
onto the adsorbent surface. The bands between 1,000 and 
1,500 cm–1 on the CCS spectrum (Fig. 4a) are due to the  
C–OH stretching and –OH bending vibrations, indicating the 
existence of large numbers of hydroxyl groups (−OH) and 
carboxylic groups (−COOH) [13]. The presence of carboxylic 
acid groups in CCS is caused by the presence of cellulose 
or lignin. The band at 1,452 cm−1 confirm the presence of 
C=C bonds of alkene and aromatic rings. The bands at 1,286 
and 1,411 cm–1 are attributed to the C–O vibration. A strong 
band at 1,037 cm–1 could be attributed to =C–O–C stretching 
vibrations. The bands at 893 and 838 cm–1 could be due to 
out-of-plane deformation mode of N-containing bioligands 
[14]. Functional surface groups such as O–H, C=O and C–O 
could be potential active sites for the adsorption of MB 
and CR molecules. Upon the adsorption of dye molecules 
(Figs. 4b and c), chemical interactions among active sites of 
CCS surface and dye molecules (MB and CR) are registered. 
A decrease in the intensity and a shift of O–H (1,635 cm–1) 
and C–O (1,037 cm–1) bands are observed, indicating an 
interaction between dyes (MB and CR) and these groups of 
CCS surface.

SEM images of CCS are shown in Fig. 5. The irregular 
forms and different sizes of the CCS particles can also be 
observed. A well-developed surface morphology is clearly 
visible with the existence of a heterogeneous porous structure.

3.2. Effect of the operating conditions on the adsorption capacity 
of CCS

Fig. 6 shows the effect of varying the dosage of CCS on 
MB and CR adsorption in the range from 0 to 1 g L–1 with a 
total volume of solution 20 mL and using a dye concentration 
of 500 mg L–1 at 25°C.
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Fig. 3. N2 adsorption and desorption isotherms of CCS at 
–196°C.
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Fig. 4. FTIR spectra of raw adsorbent and adsorbent after 
adsorption of dye molecules: (a) raw surface of CCS, (b) CCS 
loaded with MB molecules and (c) CCS loaded with CR molecules.

Table 1
Physico-chemical properties of CCS

Textural properties

dP (nm) 3.5
d (cm3 g–1) 0.028
SBET (m2 g–1) 27.2
VT (cm3 g–1) 0.028

Chemical properties

pHpzc 6.0
CG (meq L–1) 0.1
LG (meq L–1) 1.03
PG (meq L–1) 0.39
TAS (meq L–1) 1.52
TBS (meq L–1) 0.87

dP, mean pore width; d, density, SBET, BET surface area, VT, total pore 
volume, pHpzc, pH of zero net surface charge, CG, carboxylic groups, 
LG, lactonic groups, PG, phenolic groups, TAS, total acid sites, TBS, 
total basic sites.
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It is clear that the removal efficiency of MB and CR dyes 
is increased with the addition of more adsorbent dosages. 
On one hand, the efficiency of MB is increased from 44% to 
98% when CCS amount is raised from 0.025 to 0.100 g L–1. 
On the other hand, the efficiency of CR is increased from 
1% to 84% when the CCS is increased from 0.1 to 0.6 g L–1.

Such results can be attributed to a higher availability 
of actives sites with the increase in the amount of the bio-
adsorbent. However, further mass increase of the bioadsor-
bent dosages does not change removal efficiency, because all 
MB and CR molecules have already been removed from the 
solution.

It can also be observed that for an initial concentration 
of 500 mg L–1 of MB, the adsorption capacity of CCS towards 
MB decreases with the increase of the adsorbent dose, may be 
due to particle interaction (aggregation). Similar behaviour 
for the effect of adsorbent concentrations on MB adsorption 
capacity was observed and discussed in the literature for 

other types of adsorbents [15,16]. Results indicate that the 
optimal bioadsorbent concentration for MB and CR dyes is 
7.5 and 20 g L–1, respectively.

The effect of pH over a pH range of 2–12 on the adsorp-
tion of MB and CR dyes onto CCS is depicted in Fig. 7.

As shown in Fig. 7, the adsorbed amounts are found to 
be almost constant between pH of 2 and 8 for both dyes with 
the maximum adsorbed amounts of MB (100 mg g–1 equiv-
alent to a removal efficiency of ~99%) and CR (20 mg g–1, 
equivalent to a removal efficiency of ~79%). Results reveal 
high levels of pH tolerance of CCS for MB and CR adsorp-
tion, which is extremely attractive for practical applications. 
As the solution became more basic (pH > 8), the adsorption 
capacity remains constant for MB and the dye removal was 
not affected, whereas in the case of CR a slight decrease is 
observed. At pH > 8 > pHpzc, the CCS surface will be neg-
atively charged causing a decrease of the CR adsorbed 
onto CCS. This result may be due to electrostatic repulsion 
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Fig. 5. SEM images of CCS particles (a) (×2,000) and (b) (×4,000).
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Fig. 7. Effect of pH on the adsorption capacity of CCS towards 
MB and CR. Operating conditions: C0 = 500 mg L–1, contact 
time = 24 h, dose of CCS = 7.5 g L–1 (MB) and 20 g L–1 (CR), 
agitation speed = 200 rpm and T = 25°C.
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between the negatively charged adsorbent surface and the 
CR anions. The particle size is an important parameter 
in the adsorption process. To illustrate the effect of parti-
cle size on MB and CR adsorption, four different ranges 
of CCS particle sizes (<100 μm, 100–200 μm, 200–500 μm, 
>500 μm) were loaded into flasks containing a volume of 
200 mL with a fixed initial concentration (500 mg L–1) of 
dye solution, at room temperature. Experimental results 
in terms of the adsorbed amount of dye as a function of 
contact time are shown in Fig. 8. It can be observed that at 
equilibrium, the adsorption capacity of CCS decreases from 
65.85 to 26.45 mg g–1 for MB dye and from 12.7 to 1.69 mg g–1 
for CR dye, when the particle size is increased from <100 
to >500 μm. The high amount of adsorbed dye for smaller 
particles could be attributed to the fact that smaller par-
ticles provide a higher number of available sites for the 
adsorption of dyes. In addition, the variation of the particle 
size affects the time required to reach the equilibrium. The 
observed time to attain the equilibrium increases from 20 
to 45 min, as particle size increases from <100 to >500 μm. 
It is clear that the increase in particle size limits the internal 
mass transfer rate.

3.3. Effect of the composition of the dye mixture

Effect of the composition of the dye mixture on the 
adsorption capacity of CCS is investigated using differ-
ent dye mass ratios. Results presented in Fig. 9 show that 
in the case of a single dye adsorption onto CCS, MB dye 
(qe = 66.28 mg g−1) is better adsorbed than CR (qe = 18 mg g−1). 
However, in the binary system (MB + CR), the adsorbed 
amount of CR increases from 3.9 to 38.62 mg g–1 with 
the increase of CR concentration in the binary mixture, 
remaining almost constant for MB (24.9 mg g–1). The 
adsorption of MB and CR in the binary mixture seems to 
be selective.

Thus, saturation of CCS is achieved for the cationic dye 
(MB) for different compositions, leading to an increase in 
the adsorbed amount of anionic dye (CR) by decreasing its 
mass ratio in the binary mixture. This could be due to an 
increase in the interactions between CR molecules, increasing 
its concentration and reducing adsorption ability.

3.4. Kinetic study of the adsorption process

The influence of contact time on the adsorption of MB 
and CR is analysed. Adsorption experiments were con-
ducted at different time intervals, keeping the volume of 
contact (V = 200 mL) constant, the initial dye concentration 
(C0 = 500 mg L–1) at room temperature and applying a dose 
of CCS of 7.5 g L–1 for MB and 20 g L–1 for CR and MB–CR. 
Figs. 10a–c display UV–Vis spectra for aqueous solutions 
of MB, CR and MB–CR at different contact times with CCS. 
It should be noted that a rapid decrease in the absorbance 
within the first 5 min takes place, indicating a fast adsorption 
towards both anionic and cationic dyes. A clean surface of 
CCS facilitates a fast adsorption and makes the co-adsorption 
of MB–CR aggregates possible.

After 5 min of adsorption time, the absorbance of MB and 
CR decreases to 82% and 61.5% for single adsorption, and 
99.5% and 99% for co-adsorption, respectively. The insets 
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Fig. 8. Effect of CCS particle size on MB and CR adsorption. 
Operating conditions: C0 = 500 mg L–1, dose of CCS = 7.5 g L–1 
(MB) and 20 g L–1 (CR), volume of solution = 200 mL, agitation 
speed = 200 rpm and T = 25°C.
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in Fig. 10 visually demonstrate the colour changes of the 
samples after the adsorption of dyes onto CCS.

Curves displayed in Fig. 11 indicate that the adsorption 
capacity of CCS for both dyes in single and binary mixture 
increases rapidly with the contact time in the first stage of the 
adsorption process. After that, the adsorption rate gradually 

becomes slow and reaches equilibrium values at 30, 20, 15 
and 5 min for MB, CR in the single system and in the binary 
mixture, respectively. The adsorbed amount for MB and CR 
is equal to 65.85 and 18.11 mg g–1 in the single system; and 
24.87 and 24.18 mg g–1 in the binary mixture, respectively.

These results are attributed to the fact that at the ini-
tial stage of the adsorption process the number of vacant 
adsorption sites available for the adsorption of dye mol-
ecules is high. With an increase of the contact time of the 
adsorption process, the number of adsorption sites accessi-
ble to interact with the residual dye molecules decrease [17].

In order to assess the adsorption kinetics of the studied 
dyes onto CCS, pseudo-first-order and pseudo-second-order 
kinetic models are fitted to the experimental data:

The pseudo-first-order kinetic model [18] is given by:

q q et e
k t= −( )−1 1  (5)
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Fig. 10. Variation of UV–Vis absorbance spectra as a function of 
time for MB (a), CR (b), and a mixture of MB–CR (c) during the 
adsorption onto CCS. Operating conditions: C0 = 500 mg L–1, dose 
of CCS = 7.5 g L–1 (MB) and 20 g L–1 (CR and MB–CR), contact 
time = 24 h, agitation speed = 200 rpm and T = 25°C. Each sample 
was diluted (50 times for MB, 25 times for CR and MB–CR) 
before UV–Vis measurements.
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Fig. 11. Effect of contact time on the adsorption capacity of CCS 
towards MB and CR in single (a) and binary mixture of dyes (b). 
Operating conditions: C0 = 500 mg L–1, dose of CCS = 7.5 g L–1 
(MB) and 20 g L–1 (CR and MB–CR), agitation speed = 200 rpm 
and T = 25°C.
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where qt and qe are the adsorption capacities at time t and 
at equilibrium time, respectively; and k1 is the pseudo-first- 
order model rate constant.

The pseudo-second-order kinetic model reported by Ho 
et al. [19] is represented as:

q
k q t
k q tt
e

e

=
+
2

2

21
 (6)

where k2 is the adsorption rate constant.
Both non-linear models were fitted to the experimen-

tal data using OriginPro 8 software. Parameter values are 
given in Table 2. The model fitting was evaluated from the 
determination coefficient (R2), the adjusted determination 
coefficient (R2

adj), reduced chi-square and standard deviation 
(SD) of residues [20]. The difference between the theoreti-
cal and experimental quantities of dyes adsorbed by CCS 
was measured using SD. The best fit model is the one with 
the lowest value of SD and the one in which the value of 
R2

adj is closer to unity. Eqs. (7)–(10) depict the expressions of 
reduced Chi-square, standard deviation (SD), determination 
coefficient (R2) and adjusted determination coefficient (R2

adj), 
respectively.
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where qi,model is each value of q predicted by the fitted model, 
qi,exp is each value of q measured experimentally, q̄exp is the 
average of q experimentally measured, n is the number of 
experiments and p is the number of parameters in the model.

The obtained data presented in Table 2 shows that the 
calculated values for the adsorption capacities (qe) agreed 
well with experimental values (qexp) and confirm that the 
pseudo-second-order kinetic model is the most suitable 
model for describing MB and CR adsorption kinetics on 
CCS with the highest correlation coefficient (R2 = 0.99), 
adjusted determination coefficient (R2

adj) and low standard 
deviation (SD).

3.5. Adsorption isotherms

The adsorption isotherm indicates how the adsorbate 
molecules are distributed between the liquid and solid 
phases when the adsorption process reaches the equilibrium 
[21]. The analysis of the equilibrium data fit to different iso-
therm models is an important step in determining the most 
suitable model.

Fig. 12 represents the total amount of adsorbed dyes onto 
CCS at the equilibrium (qe). The Langmuir, Freundlich and 
Dubinin–Radushkevich isotherm models were fitted to the 
experimental equilibrium data. Mathematical expressions 
of such models are presented in Eqs. (11)–(14), respectively 
[22–24]. Table 3 summarises calculated parameters, SD and 
correlation coefficients for each adsorption isotherm model, 
estimated by a non-linear regressive method.

q
q K C
K Ce

m L e

L e

=
+1

 (11)

q K Ce F e
n= 1/  (12)

Table 2
Kinetic model parameters of the adsorption of MB and CR dyes onto CCS

Kinetic model Parameters MB CR

Pseudo-first-order

qexp (mg g–1) 65.85 18.11
qe (mg g–1) 64.79 17.07
k1 (min–1) 0.49 0.56
R2 0.90 0.98
R2

adj 0.98 0.98
Reduced Chi-sqr (mg g–1) 4.89 0.45
SD (mg g–1) 0.90 0.27

Pseudo-second-order

qexp (mg g–1) 65.85 18.11
qe (mg g–1) 68 17.87
k2 (g mg–1 min–1) 0.014 0.063
R2 0.99 0.99
R2

adj 0.99 0.99
Reduced Chi-sqr (mg g–1) 1.42 0.09
SD (mg g–1) 0.65 0.16
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q q Be m= −( )exp ε2  (13)

ε = +
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Ce
ln 1 1  (14)

where KL (L mg–1) is the Langmuir equilibrium constant, 
qm and qe (mg g–1) are the Langmuir maximum and equilibrium 
adsorption capacity, respectively. Ce is the equilibrium con-
centration of the adsorbate (mg L−1). KF ((mg g–1) (L mg–1)1/n) 

is the Freundlich constant and 1/n is the heterogeneity factor. 
B (mol2 J–2) is a constant related to the adsorption energy, 
ε represents the Polanyi potential, R is the gas constant 
(8.314 J mol–1 K–1) and T is the temperature (K).

The constant B estimates the mean free energy of adsorp-
tion (E, kJ mol–1), which is calculated by the following 
equation:

E
B

=
1
2

 (15)
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Fig. 12. Adsorption equilibrium data of MB and CR onto CCS: (a) MB and (b) CR. Operating conditions: contact time = 1 h, dose 
of CCS = 7.5 g L–1 (MB) and 20 g L–1 (CR), agitation speed = 200 rpm and T = 25°C.

Table 3
Isotherm constant parameters and correlation coefficients calculated for the adsorption of MB and CR onto CCS

Models Parameters MB CR

Langmuir

qm (mg g–1) 144 25.02
KL (L mg–1) 0.23 0.014
R2 0.98 0.98
R2

adj 0.946 0.94
Reduced Chi-sqr (mg g–1) 97.47 4.13
SD (mg g–1) 9.75 1.65

Freundlich

KF (mg g–1) (L mg–1)1/n 33.71 2.14
n 2.40 2.59
R2 0.96 0.95
R2

adj 0.87 0.84
Reduced Chi-sqr (mg g–1) 233.20 10.67
SD (mg g–1) 4.65 0.72

Dubinin–Radushkevich

qm (mg g–1) 109.58 19.69
B (mol2 J–2) 7.67 × 10–7 1.44 × 10–4

R2 0.93 0.96
R2

adj 0.93 0.97
Reduced Chi-sqr (mg g–1) 121 1.97
SD (mg g–1) 5.21 0.55
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The magnitude of adsorption energy is used to estimate 
the adsorption mechanism as chemical (E = 8–16 kJ mol–1), 
or physical adsorption (E < 8 kJ mol–1). The mean adsorp-
tion energy (E) obtained for MB and CR adsorption were 
2.23 and 0.74 kJ mol–1, respectively; indicating that a physical 
adsorption mechanism takes place.

The dimensionless constant of Langmuir isotherm model 
(equilibrium parameter RL) for the adsorption process of 
MB and CR dye was calculated from Eq. (16):

R
K CL
L

=
+( )
1

1 0

 (16)

where KL and C0 are the Langmuir adsorption constant (L mg−1) 
and the initial dye concentration (mg L−1), respectively.

All the calculated RL values are higher than zero and 
lower than unity (0 < RL < 1), which reflects a favourable 
adsorption of MB and CR using CCS.

The obtained results show that CCS has a high affinity 
towards MB and CR. The tested CCS adsorbent is effective 
in removing dye at low equilibrium concentrations and 
reaches the maximum adsorption capacity at the highest 
concentrations. It is observed that the removal efficiency var-
ied, depending on the type of dye. CCS performed well for 
the adsorption of lower-molecular weight MB (144 mg g–1) 

compared  with higher molecular weight CR (25.02 mg g–1). 
The changes in the removal efficiency towards the adsorp-
tion of MB and CR onto CCS could be due to several factors 
that include molecular weight, molecule size, charge and 
chemical structure, as well as the properties of the adsor-
bent. Due to the higher negative charge present on the CCS 
surface, the adsorbent exhibits a greater affinity and adsorp-
tive capacity for MB. At the same time, stronger repulsion 
appears among the negative charge CCS and CR molecules 
due to their negative charges, leading to lower adsorption 
capacity of CR onto the CCS.

The results listed in Table 3 indicate that the best fit of 
experimental data is obtained with the Langmuir model in 
comparison with Freundlich and Dubinin–Radushkevich 
models. The maximum monolayer adsorption capacities 
are 144 and 25.02 mg g–1 for MB and CR, respectively.

In order to show the advantages in the application of 
CCS as a natural adsorbent for the removal of dyes from 
contaminated waters, the maximum adsorption capacities of 
MB and CR onto CCS are compared with previous reported 
data of various low-cost adsorbents [25–41] (Table 4). As can 
be observed, the maximum adsorption capacities of MB and 
CR onto CCS are significantly larger than those reported val-
ues in the literature for rice husk, raw date pits, cellulose 
fibre, cashew net shell, activated carbon, coir pith, carbonised 

Table 4
Maximum adsorption capacities of different adsorbents used for the removal of MB and CR

Biosorbent Dyes q (mg g–1) References

Cupressus sempervirens MB 144 This study
CR 25.02 This study

Rice husk MB 40.59 [25]
Raw date pits MB 80.30 [26]
Defatted algal biomass MB 7.73 [27]
Sugar extracted spent rice biomass MB 8.13 [28]
Biochar generated from sludge and tea waste MB 12.58 [29]
Carbonised peanut shell (CPS) MB 5.34 [30]
Carbonised chestnut (CSS) MB 5.13 [31]
Sumac leaves MB 5.80 [32]
Thiourea-modified sugarcane bagasse cellulose MB 632.90 [33]
Carbonylated cellulose/microfibrillated cellulose spheres (MCMFCs) MB 303 [34]
Banana stalk waste MB 243.90 [35]
Palm kernel fibre MB 217.95 [36]
Sugarcane bagasse CR 39.80 [37]
Date stones CR 45.08 [37]
Jujube shells CR 59.55 [38]
Modified wheat straw CR 71.20 [39]
Cellulose fibre CR 17.39 [40]
Eucalyptus wood sawdust CR 31.25 [41]
Cashew net shell CR 5.18 [42]
Activated carbon (LT) CR 1.88 [43]
Coir pith CR 6.70 [44]
Kaolin CR 5.44 [45]
Cone pine CR 40.19 [46]
Saw dust CR 5.10 [41]



397Z. Bencheqroun et al. / Desalination and Water Treatment 166 (2019) 387–398

peanut shell (CPS), carbonised chestnut (CSS), sumac leaves 
and kaolin. However, they are lower than the values reported 
for banana stalk waste, modified wheat straw, palm kernel 
fibre, sugarcane bagasse, date stones, thiourea-modified 
sugarcane bagasse cellulose, carbonylated cellulose/micro-
fibrillated cellulose spheres (MCMFCs) and jujube shells. 
Such evidences support the statement of the feasibility to 
employ CCS as natural adsorbent for MB and CR removal 
from aqueous solutions.

Fig. 13 depicts the effect of temperature on the adsorp-
tion of MB and CR onto CCS in the ranging between 25°C 
and 45°C. As it is shown in Fig. 13, the adsorption capac-
ity of CCS shows a slight increase when temperature rises 
(from 144 to 150 mg g–1 for MB and 25.02 to 28.66 mg g–1 for 
CR). These results could be attributed to an increase on the 
solubility of dye molecules with the raise in temperature, 
increasing intraparticle diffusion of MB and CR molecules 
that leads a higher access to active sites available for dye 
adsorption.

4. Conclusions

Experimental results confirm that cone powder from 
Moroccan cypress Cupressus sempervirens can be used as 
a low-cost natural adsorbent for the removal of dyes from 
aqueous solutions. CCS exhibits a high adsorptive capacity 
towards MB and CR dye molecules. Infrared studies reveal 
that dye molecules interact with O–H groups, forming sur-
face complexes via hydrogen bonding. Obtained data reveal 
a better performance of CCS in removal of MB than CR. 
A pseudo-second-order kinetic model describes the adsorp-
tion process of MB and CR as function of time very well. 
Maximum adsorption capacities of 144 and 25.02 mg g–1 
towards MB and CR are obtained, respectively. CCS pres-
ents a great potential to be used as an inexpensive and easily 
available alternative biomass for the removal of dyes from 
aqueous solutions.
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