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Abstract: The Moroccan cypress cone Cupressus Sempervirens from Fez region (Morocco) was 

studied as an inexpensive biosorbent for the removal of Methylene Blue (MB) and Congo Red (CR) 

simple and multi-component from aqueous solutions in a fixed-bed system. The surface characteristics 

of the biosorbent were analyzed by several physicochemical methods. Thе еffеcts of bеd mass (bеd 

hеight) and initial dyе concеntration on bеd pеrformancе wеrе еvaluatеd and significant bеd 

pеrformancе was achiеvеd with high bеd mass and low dyе concеntration at thе inlеt. Thе еxpеrimеntal 

data fit wеll with Thomas and Yoon-Nеlson’s modеl. Based on thе pеrformancе data, it can bе 

concludеd that the natural Cupressus Sempervirens attested to be beneficial as an inexpensive 

biosorbent for the removal of textile dyes from aqueous solutions, which is advantageous for the cost-

effectiveness of the adsorption treatment. 

Keywords: wastewater textile dyes; bioadsorbent; fixed-bed; Yoon Nelson model. 
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1. Introduction 

Biomasses are widely used to face some of the world’s most undesirable environmental 

problems [1], especially for removing certain pollutants from water, which has increased with 

the increase in demand for chemicals from certain industrial activities, particularly those of the 

textile industries [2,3]. Dyes in aquatic environments generate human health effects, 

carcinogenicity, allergic effects, and dermatitis [4,5]. Noting also that these dyes can absorb 

and reflect sunlight entering the water, which can interfere with the photosynthetic process of 

aquatic plants [6]. Therefore, the treatment of effluents containing dyes has become an 

obligation to dispose of them before discharging them into aquatic resources. Many wastewater 

treatment technologies have been developed, such as physical-chemical [7], biological [8], and 

electrochemical [9] processes, either separately or in combination [10]. 
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Regarding these treatment methods, the continuous adsorption of pollutants from dye-

laden waters on fixed-bed columns is one of the most common techniques used in industrial 

environments. This analytical method, used by Rosene and Manes [11], is relatively fast, 

simple and reproducible. It makes it possible to elucidate the mechanisms involved and to 

improve the achievements made during the adsorption in batch mode in the field of the 

depollution of water loaded with dyes. Besides, this process is subject to the need to use the 

natural adsorbents that are available, which make it an inexpensive process [12,13], such as the 

jujube shell [14], palm tree bark [15], waste tea [16], activated charcoal from orange peel 

activated with H3PO4 (OPAC) [17], etc. The cones of Cupressus Sempervirens are produced 

throughout the year in large quantities [18] due to the abundance of its trees in forested areas, 

which allows them to be considered a waste that should be valorized [19]. Even though an 

innovative approach is the bioadsorption of organic dyes by the cones of the Cuprеssus 

sempervirens without any treatment, it showed a significant and reasonable adsorption capacity 

[20–22], although these types of biomasses have been evaluated as environmentally friendly 

treatments. 

Faced with this problem, dyes are considered the main contaminants for the 

environment and cause the most worrying environmental problems; that is why this present 

work focused on a simple procedure for the treatment of water loaded with dyes through the 

use of the Cupressus. S for improving the bioadsorption capacity towards two types of dyes 

(Methylene Blue as the basic dye and Congo Red represents the anionic dyes). The effect of 

the initial dye concentrations and adsorbent dose parameters were investigated. Thomas and 

Yoon-Nelson’s models presented the breakthrough curves for each dye to achieve continuous 

adsorption in a downflow column. 

2. Materials and Methods 

2.1. Bioadorbent. 

The cones of Cupressus. S was collected from the region of Fez area in Morocco. 

Samples were washed several times with tap water to remove impurities and then dried at 

110°C for 24 hours. The dried samples were cut into small portions and crushed using a 

domestic grinder. Particles with a particle size smaller than 100 μm were selected for cone 

characterization. For adsorption experiments under dynamic conditions, samples with particle 

diameters between 100 and 200 μm were used. The samples were stored in hermetic flasks. 

2.2. Dyes. 

Two dyes used in this work were (methylene blue (MB) (C16H18ClN3S, molar mass 

319.852 g.mol-1, water solubility 40 g.L-1 at 20°C) provided by HiMedia Laboratories, 

Mumbai, India) and Congo red (CR) (C32H22N6Na2O6S2, molecular weight 696.66 g.mol-1, 

solubility 25 g.L-1 in water at 20°C) was purchased from Sigma-Aldrich. Their chemical 

structures are shown in Figure 1. For the preparation of a stock solution, a specific quantity of 

the dyes was dissolved in distilled water, and successive dilutions obtained the experimental 

concentrations from the stock solution. The concentrations of the dyes in the solutions were 

controlled using a UV-vis spectrophotometer (UV1600 spectrophotometer). 
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Figure 1. Chemical structures of dyes (a) Methylene Blue (b) Congo Red. 

2.3. Characterisation of the natural bioadsorbent. 

The physico-chemical properties, the point of zero charge (pHpzc), and Boehm titration 

of the Cupressus. S has been studied in detail by Bencheqroun et al. 2019 [22]. 

The various functional group present on the Cupressus. S adsorbent were identified 

before and after dye adsorption by FTIR, using a VERTEX70 spectrometer (Bruker Optics 

S.a.r.l., France) within the range of 4 000–400 cm–1. 

2.4. Adsorption experiments. 

2.4.1. Physico-chemical characterizations of adsorbents. 

The detailed physico-chemical properties of Cupressus. S are reported in Table 1, and 

have been described in previous works [22]. 

Table 1. Physico-chemical properties of Cupressus. S. 

Textural properties Chemical properties 

dP
a 

(nm) 

db 

(cm3.g-1) 

SBET
c 

(m2.g-1) 

VT
d

 

(cm3.g-1) 
pHPZC

e 
CGf 

(meq.L-1) 

LGg 

(meq.L-1) 

PGh 

(meq.L-1) 

TASi 

(meq.L-1) 

TBSj 

(meq.L-1) 

3.5 0.028 27.2 0.028 6.0 0.1 1.03 0.39 1.52 0.87 
aMean pore width, bDensity, cBET surface area, dTotal pore volume, epH of zero net surface charge, fCarboxylic 

groups, gLactonic groups, hPhenolic groups, iTotal acid sites, jTotal basic sites 

2.4.2. Dynamic biosorption. 

Fixed-bed column studies were conducted to assess the efficacy of Cupressus. S for 

continuous mode CR and/or MB dyes adsorption. 

Adsorption experiments under continuous flow were carried out using a Pyrex column 

with 2 cm in internal diameter and 50 cm in length, having a volume of ~157 mL. The reactor 

was filled with a known mass of bioadsorbent with an average particle diameter of 150 μm 

(Figure 2). 

Initially, distilled water was used to remove all interstitial air in the bed. Glass wool 

layer was deposited at the base of the column to prevent material loss during adsorption, and 

glass beads were used to retain the adsorbent. The column was then fed with solutions loaded 

with one or two dyes, depending on the known concentration, in a down-flow mode. The 

solutions were prepared without pH adjustment. A flow rate of 2 mL.min-1 was adjusted using 

a flow regulator. The residual dye concentration analysis at the column's exit is carried out 

continuously through UV-visible spectrophotometry by collecting effluent samples at different 

intervals of adsorption time. Therefore, all experiments were performed at room temperature. 
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Figure 2. Experimental adsorption set-up in continuous mode. 

 

The breakthrough time (tb) is the time it takes for the output concentration in the effluent 

stream to reach 5% of the input concentration [23]. In this study, tb was determined when the 

dye concentration in the effluent stream reached 10% of the starting concentration. Exhaust 

time (te) was measured when the dye concentration in the effluent stream reached 90% of the 

effluent concentration [24]. 

The column adsorption capacity (qads) was calculated by the equation expressed as:  

 (Eq. 1) 

where qads (mg.g-1) is the adsorbed amount of dye (MB or CR) per gram bioadsorbent 

Cupressus. S, Fin (ml.min-1) is the volumetric flow rate of the solution, Cin (mg.L-1) is the inlet 

concentration of dye, Couti+1 is the outlet concentration at (i+1)th reading (mg.L-1), Couti is the 

outlet concentration at (i)th reading (mg.L-1), ta is the saturation time, ti+1 is the adsorption time 

at (i+1)th reading (min), ti is the adsorption time at (i)th reading (min), and m (g) is the amount 

of Cupressus. S bioadsorbent. 

3. Results and Discussion 

3.1. Dynamic bioadsorption. 

3.1.1. Continuous mode adsorption of simple systems by Cupressus Sempervirens. 

To evaluate the effectiveness of Cupressus Sempervirens cones for continuous dye 

bioadsorption, column experiments were carried out. Breakthrough curves are expressed in 

terms of normalized concentration (Cout/Cin), as a function of time t (ratio of effluent dye 

concentration to influent dye concentration). 
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3.1.2. Effect of adsorbent dose. 

The effect of bioadsorbent masse (Cupressus. S) on breakthrough curves and 

bioadsorption capacity was investigated by varying the dosage of adsorbent 0.3 (0.46 cm), 0.5 

(0.78 cm), and 0.7 (1.09 cm) g, for an initial dye concentration of 50 mg.L-1, at a constant flow 

rate 2 mL.min-1 and particles size of 200 µm. Figure 3 (a)-(b) represent the bioadsorption 

breakthrough curves for the dyes MB and CR, respectively, for the different bed masses 

considered. 

The breakthrough curves obtained for MB and CR dyes at different bioadsorbent 

masses of 0.3, 0.5, and 0.7g are shown in Figures 3(a)-(b). 

 
Figure 3. Breakthrough curves of (a) MB and (b) CR on Cuprеssus sempervirens (Cin= 50 mg.L-1, Particle size: 

200 μm, Flow rate: 2 ml. min-1). 

As can be seen, and whatever the mass of bioadrobent studied, all the breakthrough 

curves presented the same profile (S-sharpe) characterized by three stages. In the first stage, 

the MB and CR are adsorbed. This is mainly due to filling the most available porosity, where 

the diffusion rate is fast. In the second stage, the MB and CR dye concentration gradually 

reached the breakthrough point, while the outlet MB and CR concentration increased with the 

adsorption time, exhibited an S-shaped curve then attained a plateau corresponding to the 

adsorption equilibrium. 
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The dye adsorption capacity and breakthrough time were significantly affected by the 

mass of the adsorbent. The breakthrough times at Cout/Cin=10, 50 and 90% (t10%, t50% and t90%) 

and dyes quantities adsorbed at  t90% saturation time (qexp, t90%) are recorded in Table 2. 

The values of the breakthrough and saturation times increase by increasing the 

adsorbent mass (and thus the height of the bed). For the mass of 0.3 g of Cupressus. S, the 

values of t10% were 300 and 120 min for the MB and CR respectively and go to 1080 and 720 

min for 0.5 g of the bioadsorbent. For the dose of 0.7 g the t10% is 1440 min for MB dye and 

960 min for CR dye.  

Considering Cout/Cin= 0.5 and 0.9, for the breakthrough times, t50% and t90% decreased 

with the increase in mass of the bioadsorbent. The breakthrough times Cout/Cin= 0.9  are 720 

and 1260 min for 0.3 g of (CS) and 2400 and 2100 min for the 0.7 g dose for MB and CR  dyes, 

respectively.  

The breakthrough curve becomes flattered with the increase in adsorbent mass due to 

the wider solution movement zone. It was found that higher adsorbent mass results in an 

increase in the adsorption capacity due to a rise in the surface area of the adsorbent, which 

enhances the availability of adsorption sites. The saturation time is attained more slowly as 

adsorbent mass is increased. As the mass increases, MB or CR dye molecules have more time 

to come into contact with the active sites of the Cupressus. S, bioadsorbent, promoting a more 

efficient removal [25].  

On the other hand, Table 2 also shows that the quantities of dyes adsorbed at the 

saturation time (t90%) increase with the mass of the adsorbent.  

The results indicate that by increasing the bioadsorbent dose from 0.3 g to 0.7 g, the 

MB and CR adsorption capacities onto the Cupressus. S increased from 176.9 to 375.17 mg. g-

1 for MB and from 254.36 mg.g-1 to 299.19 mg.g-1 for CR dye. This trend is justified by the 

number of vacant reactive sites, which leads to the progression of transfer between the mass 

and the concentration gradient by promoting the migration of the solute to the outer surface of 

the sorbent and increasing these retention quantities. 

Table 2. Breakthrough, saturation times, and adsorption capacities at Cout/Cin = 0.9 values at different bed 

heights. 

Dye 

Dye 

concentration 

(mg.L-1) 

Flow 

(mL.min-1) 

Mass of 

adsorbent (g) 

Height 

(cm) 

qexp, 90% 

(mg.g-1) 

t10% 

(min) 

t50% 

(min) 

t90% 

(min) 

MB 

50 2 

0.3 0.46 176.91 300 540 720 

0.5 0.78 300 1080 1440 1920 

0.7 1.09 375.17 1440 1920 2400 

CR 

0.3 0.46 254.36 120 720 1260 

0.5 0.78 274.2 720 1380 1920 

0.7 1.09 299.19 960 1680 2100 

3.1.2. Effect of inlet concentration. 

The influence of the inlet dye concentration on the breakthrough curves and adsorption 

of MB and CR onto the Cupressus. S is investigated. Dynamical adsorption experiments were 

conducted at different inlet dye concentrations of 10; 50, and 100 mg.L-1 for an adsorbent mass 

of 0.5 g (fixed-bed height = 0.78 cm) and an effluent flow rate of 2 mL.min-1 and a particle size 

of 200 µm at room temperature. 
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Figure 4. Evolution of UV–Vis absorbance spectra as a function of time of dynamical adsorption onto 

Cypressus S. Operating conditions: Cin = 50 mg L–1, dose of Cypressus S.= 0.5 g (fixed-bed height = 0.78 cm), 

flow rate= 2 mL.min-1 and a particle size= 200 µm and T = 25°C. (a) MB after (a)–(e) 60, 360, 1200, 3120 and 

7200 min; and (b) CR  (B) after (a)–(f) 60, 360, 1200, 3120 and 7200 min. 

 

The evolution of the MB and CR concentrations at the fixed-bed outlet obtained from 

UV spectra during the adsorption process permitted the monitoring of adsorbent loading as a 

function of time (i.e., breakthrough curve). The breakthrough curves measured on the solid 

(Cupressus. S) at various initial concentrations are shown in Figures 4 (a)-(b). 

It should be noted that in all cases, these curves have a similar appearance with shallow 

drilling fronts and practically identical slopes. It can be seen that, for the same height of the 

fixed-bed and the flow rate used, an increase in the influent dye concentration results in a shift 

of the breakthrough curves towards lower adsorption times (shift to the left) regardless of the 

dye used. This may be because a lower initial concentration gradient provided slower transport 

of the dyes due to a decrease in the diffusion coefficient or mass transfer coefficient [26]. The 

adsorption process is favored when the influent concentration rises because it enhances the dye 

load rate and driving force for mass transfer. [27,28]. It is, therefore, clear that inlet 

concentration is an important factor influencing the performance of fixed-bed columns. The 
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extent of adsorption depends on this factor by providing the appropriate motor force for 

transporting adsorbate molecules to the adsorbent bed [29].  

The breakthrough and saturation parameters (t10%, t50%, and t90%) and the quantities of 

dyes adsorbed at saturation (qexp, t90%) as a function of the inlet concentration of the dyes are 

recorded in Table 2. It is illustrated in Table 2 that the breakthrough times decreased with the 

increase of inlet dye.  

The values of breakthrough time at Cout/Cin= 0.1 were 1320, 1080 and 420 at MB 

concentration 10, 50, 100 mg.L-1, respectively. For CR concentrations 10, 50, 100 mg.L-1, the 

t10% were 1080, 720, and 420 min, respectively. 

Similarly, a shift towards low durations is observed for breakthrough and saturation 

times t50% and t90% with the increase in the inlet dye concentration (at 10 mg.L-1, t90% = 2040 

and 2460 min for MB and CR, respectively, and t90%= 1320 and 1260 min for 100 mg.L-1, 

respectively. 

The numerical integration of the area below this curve yields adsorption capacity 

considering the curve corresponding to the fixed-bed response in the absence of solid (Figures 

3 and 5). 

 

 
Figure 5. Bioadsorption breakthrough curves on Cupressus Sempervirens at different concentrations (a) MB 

and (b) CR (particle size: 200 μm, flow rate = 2 mL.min-1, mass of bioadsorbent = 0.5 g). 

The values of the adsorption capacities at equilibrium are recorded in Table 2. The 

qexp.t90% for MB and CR are 79.21 and 72.12 mg.g-1 for the concentration Cin = 10 mg.L-1, 300 
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and 274.2 mg.g-1 for the concentration Cin = 50 mg.L-1 and 336.82 and 325.18 mg.g-1 for the 

concentration of 100 mg.L-1. An increase in the concentration results in an increase in saturation 

bioadsorption capacity. This increase in concentration promotes diffusion to the most difficult 

sites and greater accessibility to the porous surface of the solid. This is obtained more 

pronounced for the initial concentration of 100 mg.L-1. Moreover, for this last concentration of 

the effluent, it can be noticed that the adsorbent exhibits substantially the same bioadsorption 

capacity as the various dyes studied; the average value is estimated at 328.81 mg g-1 with a 

relative error not exceeding 10%. Finally, this variation in dye sorption in the saturation zone 

between tb and te is variable according to the dye content in the aqueous solution; this confirms 

that the kinetics of dye adsorption by biomass depends on the initial solute concentration. 

Table 3. Experimental data on the influence of the initial concentration on the breakthrough curves of the 

different dyes in a single-component model. 

Dye 

Dye 

concentration 

(mg.L-1) 

Flow 

(ml.min-1) 

Initial 

concentration 

(mg.L-1) 

qexp, 90% 

(mg.g-1) 

t10% 

(min) 

t50% 

(min) 

t90% 

(min) 

MB 

50 2 

10 79.21 1320 1680 2040 

50 300 1080 1440 1920 

100 336.82 420 840 1320 

CR 

10 72.12 1080 1860 2460 

50 274.2 720 1380 1920 

100 325.18 420 780 1260 

 

When the dye concentration decreases in the aqueous solution, the adsorbed amount of 

the MB and CR dyes at t90% saturation time on the solid also decreases. As a result, the 

adsorbent saturation occurs over a relatively long time (t90%) (Table 3). Similar results were 

observed by many authors such as Foroughi-dahr et al. (2016) [16] for adsorption of CR on tea 

waste (TW), El Messaoudi et al. (2017) [30] for disposal of RC on Jujube shell (JS),  Jain et 

al. (2003) [31] for retention of blue acid dye 25 on waste tea waste (WTR), Zhang et al. (2019) 

[32] for abatement of Reactive black 5 and Reactive red 239 dyes on cation-modified silica gel 

(MC-SG), Al-Degs et al. (2009) [33] for adsorption of remazol reactive yellow and remazol 

reactive black dyes on activated charcoal, Lezehari et al. (2012) [34] in a fixed-bed column 

study to remove pentachlorophenol (PCP) using crushed clay microbeads embedded in an 

alginate gel and more recently Azoulay et al. (2020) [15] for adsorption of BM and OM dyes 

on a composite material (MPW) Based on palm waste consisting of 60% of date cores (DS), 

20% of palm leaves (PL) and 20% of palm bark (PB). 

3.1.3. Modeling of the rupture curve. 

The effluent breakthrough curve must be predicted to design a fixed-bed column 

adsorption process [35] successfully. In this study, the behavior of fixed-bed columns was 

described using the Yoon-Nelson and Thomas models, which were then scaled up for use in 

industrial applications. 

3.1.3.1. Thomas model. 

The model of Thomas [36] assumes a flow behavior in the bed. This model is one of 

the most general and widely used to describe the theory of sorption process performance in 

fixed-bed columns. In addition, the model assumes a Langmuir kinetics of adsorption-

desorption and no axial dispersion derived from adsorption, such that the velocity of the driving 

force obeys second-order reversible kinetics [37,38]. This model has been used to describe the 
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adsorption processes where there are no internal or external diffusion limitations [28]. The 

Thomas model's linearized form is shown below:ln (
C0

Ct
− 1) =

kThq0m

F
− KThC0t (Eq. 2) 

where kTh is the Thomas velocity constant (mL.min.mg-1), q0 is the maximum dye adsorption 

capacity (mg.g-1), C0 is the dye concentration at entry (mg.L-1), Ct is the dye concentration in 

the effluent at the time t (mg.L-1), m is the adsorbent mass (g), F is the inlet flow rate (mL.min-

1), and t is the flow time (min). The C0/Ct value is the ratio of the concentrations of dyes at the 

inlet and outlet.  

The values of q0 and kTh were calculated from the intercept point and slope of the linear 

trace of ln [(C0/Ct) - 1] as a function of time (t). 

The determination of the Thomas velocity constant (kTh) and adsorption capacity  (q0) 

was adjusted to the Thomas model. The correlation coefficients (R2) were obtained using linear 

regression analysis, and the results are given in Table 3.  

The high correlation coefficients of R² > 0.96 for all experimental conditions suggest 

that the experimental data correspond well to the Thomas model; however, the adsorption 

capacities calculated for this model do not correspond to the experimental sorption capacities 

for dyes. Figures 3 and 4 show the experimental data fitted with the non-linear Thomas model, 

while Table 3 presents the calculated parameters kTh and q0, obtained from the linear regression 

analysis of equation 5. We observe that the kTh values decrease and the q0 values increase with 

the increase of the parameters influencing the bed's mass and the concentration of MB and CR 

influent. Given the high correlation coefficients, this model accurately describes the 

experimental data, indicating that external and internal dissemination are not limiting steps 

[39]. 

3.1.3.2. Yoon-Nelson model. 

The Yoon-Nelson Model [40] is based on the assumption that the decrease in the 

adsorption probability for each adsorbate molecule is related to the adsorbate adsorption 

probability and the adsorbate breakthrough probability on the adsorbent [41–43]. This model 

was applied to study the remarkable behavior of dyes (MB and CR, BB3) on Cupressus 

Sempervirens. The linearized Yoon-Nelson model for a single-component system can be 

described by the following expression: 

ln (
Ct

C0−Ct
) = kYNt − τ  (Eq. 3) 

Where kYN is the rate constant (min-1), and t is the time required to penetrate the adsorbate of 

50% (min). The values of kYN and τ were calculated from the intercept and slope of linear plots 

of ln [Ct/ (C0-Ct)] against t. The values of kYN and τYN are shown in Table 3. 

 It is observed from the model parameters that the increase in influent concentration increases 

the values of kYN due to the increased driving force of mass transfer in the liquid film while 

decreasing τ values due to rapid bed saturation by dye ions (MB and CR) [25,42]. The values 

of kYN increase while the values of τ decrease. In addition, the increase in bed mass shows a 

significant decrease in kYN values and an increase in τ values. Figures 3 and 4 show non-linear 

adjustments of experimental data to the Yoon-Nelson model, and you can see on the curves 

that the model describes the experimental data very well. R2 values greater than 0.96 indicate 

the validity of the Yoon-Nelson model for the current system. A comparison of the correlation 

coefficients (R2) values shows that Thomas and Yoon-Nelson models can be used to predict 

adsorption performance for dyes adsorption in a fixed-bed continuous column. 
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Table 4. Thomas and Yoon-Nelson model constants. 

MB 

Mass of bed (g) 

kTh.10-4 

(mL/min.mg) 
q0 (mg.g-1) R² 

kYN.10-3 

(min-1) 
τ (min) R² 

0.3 2.8 162.18 0.98 13 523.97 0.98 

0.5 1.2 300 0.98 6 1533.3 0.98 

0.7 0.86 320.09 0.98 4.2 1973.3 0.97 

Initial Conc (mg.L-1)       

10 6 67.33 0.98 5.4 1716.6 0.98 

50 1.2 300 0.98 6 1533.3 0.98 

100 0.5 333.12 0.97 6 850.55 0.98 

CR 

Mass of bed (g)       

0.3 1.8 129.86 0.98 9.3 419 0.98 

0.5 1.3 204.5 0.96 6.2 593.71 0.96 

0.7 1.14 246.3 0.98 5.3 1000.4 0.98 

Initial Conc (mg.L-1)       

10 3.2 141.7 0.99 3.3 1798.9 0.99 

50 1.8 204.5 0.96 5.1 1302.9 0.96 

100 0.54 316.7 0.97 9.3 838.3 0.97 

3.1.2. Continuous adsorption of multi-component systems by the Cupressus Sempervirens. 

The binary system coadsorption experiments on biomass (Cupressus. S) were 

performed using the mixture (MB-CR). The quantification of the concentration of each dye in 

a given mixture is determined from the calibration lines previously established for each of them 

for different ratios of concentrations in the mixtures. Details of experimental conditions were 

described by Bencheqroun et al. 2019 [22]. Fixed-bed column adsorption tests were conducted 

with an initial dye concentration of 50 mg. L-1, an adsorbent mass of 0.3 g, and a feed rate of 2 

mL. min-1, and a particle size of 200 µm. 

Figure 5 shows the MB and CR breakthrough curves in the binary system on a fixed-

bed column of the sample (Cupressus. S). It can be seen that the breakthrough curves of the 

binary solution retained the typical form of “S” and tail near the apex, in agreement with those 

obtained for single dye solutions (Figures 3 (a)-(b) and 4 (a)-(b)). The breakthrough and 

saturation parameters, t10%, t50%, and t90%, and the adsorption capacity at saturation qexp,t90% are 

recorded in Table 4. The whole process can be divided into three phases: (1) phase 1, the total 

adsorption phase (0-120 min); both dyes are eliminated in this phase due to the availability of 

a large number of active sites; (2) phase 2, separation phase (120 min t90% (660 min for MB 

and 960 min for CR). The saturation of the surface of (Cupressus. S) by CR is longer than that 

obtained by MB; therefore, Cupressus. S has a higher sorption capacity towards CR than 

towards MB. The two dyes are completely separated in this phase; and (3) phase 3, saturation 

phase (> t90% respectively for each dye), the two dyes are poured from the column due to the 

complete occupation of the active sites. It seems clear that in the MB-CR system (Figure 6), 

Cupressus Sempervirens has a strong adsorption affinity with the CR dye; the adsorption 

capacity confirms this at saturation qexp,t90%, which is 132.52 mg.g-1 for MB and 204.71 mg.g-1 

for CR (Table 5). In multi-component systems, adsorption may be more important for larger 

molecules, and it has been reported in the literature that it is a direct function of the molecular 

dimensions of adsorbate [44]. By illustration, the amount of mono-adsorbed MB, under the 

same experimental conditions as those used in the binary system, is 176.91 mg.g-1, and that of 

CR is 254.36 mg.g-1. We note that both dyes adsorb less in binary mode. Thus, an inhibitory 

effect hinders the fixation of MB and CR when they are put in the competition. This decrease 

is explained by the rivalry between these two pollutants for the occupation of the same 

adsorption sites. 
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Figure 6. Breakthrough curves obtained for the dynamic adsorption of MB and CR on the Cupressus. S from 

binary dye solutions (MB-CR). (Initial dye concentration: 50 mg/L, mass: 0.3 g, particle size: 200 μm, flow rate: 

2 mL/min). 

Table 5. Breakthrough parameters and bioadsorption capacities by the Cupressus. S of the different dyes of the 

binary mixtures (MB-CR). 

Binary 

mixture 

Initial 

concentration 

(mg.L-1) 

Mass of 

(CS) (g) 

Flow rate 

(mL.min-1) 
Dye 

qexp, 90% 

(mg.g-1) 

t10% 

(min) 

t50% 

(min) 

t90% 

(min) 

MB-CR 50 0.3 2 
MB 132.52 150 420 660 

CR 204.71 240 690 960 

3.1.3. Suggested mechanism for MB and CR adsorption onto Cupressus. S. 

The FTIR and SEM analyses of Cupressus. S before and aftеr adsorption еlucidate the 

MB and CR adsorption mechanism by Cupressus. S. Thе obtainеd rеsults showеd that thе 

bioadsorbеnt is a matеrial that mainly consists of cеllulosе, hеmicеllulosе and lignin. Thе FTIR 

and SEM confirmеd that thе surfacе of thе Cuprеssus. S is hеtеrogеn and irrеgular. Thе 

Cuprеssus. S has a composition rich in hydroxyls, carbonyls, еthеrs, phеnols, aldеhydеs, and 

aromatic compounds. 

The main suggested mechanism involved the electrostatic attraction (major 

contribution) bеtwееn thе nеgativеly and positivеly chargеd sitеs on thе surfacе of Cuprеssus. 

S and thе cationic MB (R-N+) and anionic CR molеculеs (R-N-). The interaction between the 

MB and CR dye and the Cupressus. S adsorbent depends mainly on the chemistry of MB and 

CR dye, pH, and the nature of the Cupressus. S adsorbent (Figure 7). 

In this study, the pH of this solution was ~7 and at pH  6 (pHpzc of Cupressus. S), the 

oxygen-carrying functional groups (carboxyl groups (-COOH)) of Cuprеssus. S arе ionizеd, 

forming carboxylatеs (-COO-) with a net nеgativе surface chargе. At this pH lеvеl, thе positivе 

chargе of MB (R-N+) is еxpеctеd to havе a strong еlеctrostatic attraction with thе (C-O-) and 

(COO-) sitеs in thе adsorbеnt, on thе othеr hand thе nеgativе chargе of CR can havе a weak 

еlеctrostatic intеraction. 
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Figure 7. Proposed mechanism of MB and CR adsorption on Cuprеssus. S bioadsorbent. 

A possibility of intеractions bеtwееn hydrogеn atoms of hydroxyl groups (-OH) prеsеnt 

on thе surfacе of Cuprеssus. S and nitrogеn atoms, oxygеn atoms, and H rеcеptors of MB and 

CR, and bеtwееn hydroxyl groups of thе bioadsorbеnt surfacе and polycyclic aromatic 

compound hence contains multiple benzene rings of thе studiеd dyеs (MB and CR). 

Thе prеsеncе of thе dipolеs was confirmed by FTIR analysis which rеvеalеd thе shift 

of thе -OH groups situatеd bеtwееn 3200 cm-1 and 3500 cm-1 to slightly highеr wavеnumbеrs 

(Figure 8). Thе carbonyl oxygеns on thе surfacе of thе adsorbеnt bеhavе as еlеctron donors, 

and thе aromatic rings of MB and CR arе еlеctron accеptors [45]. MB and CR dyеs arе bеliеvеd 

to bе adsorbеd on Cuprеssus. S through Van dеr Waals and π-π stacking intеractions bеtwееn 

thе bеnzеnе rings of both dyеs and thе dеlocalizеd еlеctron systеm of thе bioadsorbеnt. 

 
Figure 8. FTIR spectra of Cupressus Sempervirens: (a) before adsorption, (b) after adsorption of MB and (c) 

after adsorption of CR. 
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4. Conclusions 

Cuprеssus Sеmpеrvirеns was usеd for thе continuous adsorption rеmoval of MB and 

CR dyеs in both simplе and binary systеms. Thе diffеrеnt brеakthrough curvеs wеrе 

charactеrizеd by thе prеsеncе of thrее phasеs: thе complеtе adsorption phasе, thе sеparation 

phasе, and thе saturation phasе. Еxpеrimеntal data from thе singlе-solutе systеm could bе 

adjustеd by thе Thomas and Yoon-Nеlson modеl, suggеsting singlе-layеr adsorption 

bеhaviour. Thе adsorption capacity at brеakthrough timеs and saturation of CS with rеspеct to 

MB and CR is significantly influenced by thе adsorbatе dosе and initial еffluеnt concеntration. 

Cuprеssus Sеmpеrvirеns has a high affinity to dyеs in continuous adsorption in thе simplе 

systеm. Binary compеtitivе adsorption еxpеrimеnts havе shown that MB adsorption appеars to 

bе inhibitеd by CR. Givеn thе еncouraging rеsults obtainеd from fixеd-bеd column adsorption 

invеstigations, biomass (Cuprеssus. S) is a potеntial low-cost adsorbеnt for thе rеmoval of dyеs 

from tеxtilе wastе watеr. 
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