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Abstract: Almond shell (AS) is a low-cost adsorbent used in this study for the removal of methylene 

blue (MB), crystal violet (CV), and Congo red (CR) from an aqueous solution in single and mixture 

binary systems. The low-cost adsorbent was characterized by FTIR and SEM analysis. The effects of 

AS dose, contact time, initial dye concentration, pH, and temperature on MB, CV, and CR adsorption 

were studied in a single system. In a binary system, the MB, CV, and CR were removed from the 

mixture of MB+CR, CV+MB, and CV+CR with a percentage in volume ranging from 0 to 100 % in 

MB and CV, and CR. Kinetic studies showed rapid sorption following a second-order kinetic model 

with of contact time of 10 min. The modulation of adsorption isotherms showed that retention follows 

the Langmuir model. The thermodynamic parameters proved that the MB, CV, and CR adsorption 

process was feasible, spontaneous, and exothermic. The synergy adsorption between dyes in a binary 

mixture of MB+CR and CV+CR, while the competition adsorption between dyes in a binary mixture 

of MB+ CV. 
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1. Introduction 

Many industries such as textile, food, paper, and pharmaceutical industries used dyes 

to color their product [1,2]. Despite the diversity of fields of application, its presence, even in 

small quantities, unbalances aquatic environments by inhibiting access to the sunlight absorbed 

by phytoplankton and hydrophytes [3]. Also, inhalation can give rise to breathing difficulties 

and palpitations. Dye is also mutagenic and carcinogenic for humans and other living beings 

[4,5]. So, its elimination from wastewater is a fundamental challenge for a scientist [6]. 

Numerous studies have used many methods for dye removals such as degradation, 

coagulation, photocatalysis, flocculation, hydrogen peroxide, adsorption, oxidation, 

irradiation, ion exchange, reverse osmosis, advanced oxidation, membrane filtration, 

precipitation, etc. [7–10]. The adsorption has shown a good technique compared to other 

techniques because of its ease of operation, most effective method to remove dyes, high 

efficiency, low-energy requiring technology, availability of different adsorbents, effectiveness 

in regeneration, and reuse the adsorbent [11–18].  
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Agricultural solid wastes are low-cost materials and easily available adsorbents used 

by many researchers to remove the dyes from wastewaters according to their physic-chemical 

characteristics. Agricultural solid wastes contain main components: cellulose, lignin, 

hemicelluloses, lipids, proteins, etc. [19,20]. Besides are available and abundant in large 

quantities and have high potential sorbents due to the variety of functional groups (–OH, –

C=O, –C–O, and –NH2) on their surface adsorbents [21]. As a result, agricultural solid wastes 

can be used as an economical and eco-friendly adsorbent since they are abundant and renewable 

sources  [11, 22]. Different adsorbents derived from agricultural solid wastes are used for the 

removal of dyes from an aqueous solution, such as date stones (Phoenix dactylifera) [23], 

jujube shells (Ziziphus lotus) [24], Clitoria fairchildiana [25], olive pomace [26], leaves of 

Platanus [27], walnut shell [28– 30], mandarin peel [31], banana peel [32], Eragrostis 

plana  Nees [33], and waste of Citrus sinesis [34].  

In this work, methylene blue (MB), Congo red (CR), and crystal violet (CV) are 

eliminated by the almond shell (AS) from an aqueous solution in single and binary systems. 

The almond is agricultural solid waste very abundant and available in our region used for 

pollutants removal in some other research. The performance of this material as a n  adsorbent 

was limited due to its undeveloped porous structure [35–38]. The AS was characterized by 

Fourier transform infrared (FTIR) and scanning electron microscope (SEM) analysis. 

Furthermore, the key parameters affecting the dye adsorption in a single system, such as 

adsorbent dose, contact time, dye concentration, pH of the solution, and temperature, were 

evaluated. The MB, CV, and CR adsorption on AS was evaluated by kinetic (pseudo-first-order 

and pseudo-second-order) and isotherm (Langmuir and Freundlich and Temkin) models and 

thermodynamic parameters single system. Finally, the effectiveness of AS was tested for the 

removal of MB, CV, and CR from a binary mixture of MB + CR, MB + CV, and CV + CR.   

2. Meterails  and Methods  

2.1. Chemicals. 

Methylene blue (cationic dye, C16H18ClN3S, CI=52015, MW=319.85 g mol–1, λmax=661 

nm), crystal violet (cationic dye, C25H30N3Cl, CI=42555, MW=407.99 g mol–1, λmax=584 nm), 

Congo red (anionic dye, C32H22N6O6S2Na2, CI=22020, MW=696.66 g mol–1,  λmax=498 nm) 

sodium chloride (NaCl), hydrochloric acid (HCl), and sodium hydroxide (NaOH) were of 

analytical grade and purchased from Sigma-Aldrich. 

2.2. Preparation and characterization of AS. 

The almond shells (AS) were collected in Agadir (South-West of Morocco). Those 

shells are washed several times with distilled water, then placed in an oven at 105 °C for 24 h, 

then ground on a laboratory mill Retsch SM10 and sieved to size 50-100 μm on laboratory 

sieve. The powder is conserved in a glass bottle and used for adsorbent test and analysis. The 

prepared adsorbent was characterized by Fourier transform infrared (FTIR) spectroscopy with 

resolution 4 cm−1 in a spectrometer Jasco 4100 and coupled with attenuated total reflectance 

(ATR) technique in the range 4000-400 cm−1 was used to determine the functional groups 

present in surface adsorbent, scanning electron microscope (SEM) on SUPRA 40 VP at tension 

20 kV was utilized to specify the morphology of AS. The point of zero charges (PZC) value of 

AS was determined using the method reported by Fiol and Villaescusa [39].   
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2.3. Adsorption experiments. 

2.3.1. Case of a single system. 

The MB, CV, and CR sorption were conducted in 250 mL Erlenmeyer flasks on a 

thermostatic shaker in batch mode. A quantity of AS was added to 50 mL of dye solution (100 

mg L–1). The mixture was agitated at 170 rpm at 22±1 °C for 10 min. The influence of different 

parameters liked as AS dosage (4–40 g L−1), contact time (0–120 min), initial dye concentration 

(50–500 mg L−1), pH of the solution (3–11), and temperature (20–50 °C) on dyes adsorption 

was evaluated. The pH of the solution was adjusted by 0.1 M HCl or 0.1 M sodium NaOH. 

After completing the experiment, the dye solution was filtered through centrifuging at 3000 

rpm for10 min. The concentrations of residual MB, CV, and CR were measured using a UV/Vis 

spectrophotometer (2300/Techcomp) at 661 nm, 584 nm, and 498 nm as λmax of MB, CV, and 

CR, respectively. The quantity absorbed qe (mg g−1) and removal efficiency (%) of dye on AS 

were calculated by the equations given below: 

 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒) × 𝑉

𝑊
                                     (1) 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =
(𝐶0 − 𝐶𝑒)

𝐶0
× 100               (2) 

 

where C0 (mg L−1) and Ce (mg L−1) are the dye concentrations before and after adsorption, 

respectively, V (L) is the dye solution volume, and W (g) is the weight of AS used.  

2.3.2. Case of the binary system. 

The binary mixtures of MB+CR, MB+CR, and CV+CR were prepared with the 

percentage in volume ranging from 0 to 100 % in MB, CV, and CR, respectively. The final 

volume of the solution is still 50 mL, and the initial concentrations are 100 mg L−1. Then, in 

each mixture, 0.4 g of adsorbent was added. The mixture is stirred magnetically for 15 

min. After settling and centrifugation, the sample is analyzed using a spectrophotometer at the 

wavelength of the first dye and then at the wavelength of the second dye.  For a system 

composed of two dyes A and B, the concentration of A in the presence of B or B in the presence 

of A is calculated using the equations (3) and (4), respectively [10,40–41]: 

 

𝐶𝐴 =  
𝐾𝐵,2𝑎1 − 𝐾𝐵,1𝑎2

𝐾𝐴,1𝐾𝐵,2 − 𝐾𝐴,2𝐾𝐴,1
                           (3)     

  𝐶𝐵 =  
𝐾𝐴,1𝑎2 − 𝐾𝐴,2𝑎1

𝐾𝐴,1𝐾𝐵,2 − 𝐾𝐴,2𝐾𝐴,1
                           (4)       

 

where CA (mg L−1) and CB (mg L−1) are the concentrations of A and B in binary solution, 

respectively,  KA,1, KA,2, KB,1, and KB,2 are the slopes of calibration curve for A to λ1 (maximum 

wavelength for the dye (A)) and λ2 (maximum wavelength for the dye (B)), for B to λ1 and λ2. 

And a1 and a2 are absorbance values measured respectively at λ1 and λ2. 
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2.4. Error analysis. 

The validity of each model of kinetic and isotherm adsorption was analyzed by the 

residual root-mean-square error (RMSE), the sum squares error (SSE), and the Marquardt's 

percent standard deviation (MPSD) and were calculated from the following equations (5), (6), 

and (7), respectively [42,43]: 

𝑅𝑀𝑆𝐸 = √∑
(𝑞𝑒,𝑒𝑥𝑝 − 𝑞𝑒,𝑐𝑎𝑙)2 𝑖

𝑁

𝑁

𝑖=1
             (5) 

  𝑆𝑆𝐸 =    ∑ (𝑞𝑒,𝑒𝑥𝑝 − 𝑞𝑒,𝑐𝑎𝑙)2  𝑖                (6)
𝑁

𝑖=1
 

𝑀𝑃𝑆𝐷 = √∑
(𝑞𝑒,𝑒𝑥𝑝 − 𝑞𝑒,𝑐𝑎𝑙)2 𝑖

(𝑞𝑒,𝑒𝑥𝑝) 𝑖

𝑁

𝑖=1
             (7) 

 

where N is the number of experimental points. 

3. Results and Discussion 

3.1. FTIR and SEM analysis. 

Infrared spectroscopy helps us to a better comprehension of the functional group on 

the surface of the adsorbent. The FTIR spectrum of AS is shown in Figure 1. The broadband 

at 3345 cm−1 corresponds to the elongation of the O-H groups fond on cellulose hemicelluloses 

and lignin [44,45], the band at approximately 2915 cm−1 is attributed to −C−H stretching 

[23,46,47], the bands at 1718 cm−1 and 1626 cm−1 represent stretching vibrations of –C=O of 

esters and acids [48,49] and aromatic –C=C [15], respectively. The peaks at 1454 cm−1, 1245 

cm−1, and 1021 cm−1 are attributed to aliphatic –C–O–C, –C–O–H, –C–O stretching, 

respectively [50–52]. SEM images of AS were shown in Figure 2. From Figure 2, the AS has 

a heterogeneous surface, porous, and micropores, as seen from its surface micrographs. Those 

pores favor the adsorption of dye. 

 
Figure 1. FTIR of AS. 
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Figure 2. SEM images of AS: (a) 140X; (b) 500X; (c) 1000X. 

3.2. Adsorption study in a single system. 

3.2.1. Effect of AS dose. 

To evaluate AS dosage's effect, the adsorption experiments were carried out with 

different dosages of 4 to 40 g L−1. In contrast, other parameters keep constant (MB, CV or CR 

dye concentration=100 mg L−1, contact time=60 min, pH (MB)=5.57, pH (CV)=5.46 and 

pH(CR)=6.08). As Figure 3 shows, MB and CV removal increase from 92.83 to 98.77 % and 

84.67 to 98.55 % by increasing the adsorbent dosage from 4 to 8 g L−1, respectively, while CR 

removal increase from 61.25 to 93.12 % by increasing the adsorbent dosage from 4 to 20 g L−1. 

The results imply that the number of active adsorption sites for MB, CV, and CR 

adsorption corresponds to the applied dose prompts higher removal efficiency [53]. After 

equilibrium between the adsorbent and dye in the solution, the removal percentage 

remains consistent at higher dosages (> 8 g L−1 for MB and CV). After a ratio of 20 g L−1, we 

note a  slight decrease of CR removal due to saturation of active adsorption sites on the 

surface of AS. The optimum adsorbent dosage was considered 8 g L−1 for MB and 20 g 

L−1 for CR to reach maximum dye removal efficiency. 

 
Figure 3. Effect of AS dose on MB, CV and CR adsorption (t=60 min, C0 =100 mg L−1, T= 22 ± 1 °C, pH 

(MB)=5.57, pH (CV)=5.46,  pH (CR)=6.08). 
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3.2.2. Time effect and kinetic study. 

Figure 4 illustrates the effect of contact time on the removal of MB, CV, and CR on 

AS, for operating conditions with an initial concentration of 100 mg L–1 of dye and 8 g L–1 for 

MB and CV and 20 g L–1 for CR of AS dosage at a temperature of 22 ± 1 °C, and a contact 

time ranging from 0 to 120 min. The results obtained are regrouped in Figure 4. This figure 

shows that the adsorption of MB, CV, and CR on AS has two phases, a rapid initial phase in 

which the quantity adsorbed increases strongly during the first 10 minutes, it may be justified 

by adsorption on the external surface and many sites that are accessible on the surface of the 

adsorbent in the initial stage [54]. A second phase, slower with a low contribution to the total 

adsorption of dye and corresponds to adsorption on the internal surface of adsorbent also due 

to decreasing in several active sites on the surface of adsorbent the [55,56]. 

 
Figure 4. Effect of contact time on MB, CV and CR adsorption. (AS dose (MB)= 8 g L−1, AS dose (CV)= 8 g 

L−1, AS dose (CR)= 20 g L−1, pH (MB)=5.57, pH (CV)=5.46,  pH (CR)=6.08, C0 =100 mg L−1, T= 22 ± 1 °C). 

The experimental data were analyzed by pseudo-first-order and pseudo-second-order 

kinetic models and are expressed by the equations below [23,57]: 

 

𝐿𝑜𝑔(𝑞𝑒 − 𝑞𝑡) = 𝐿𝑜𝑔(𝑞𝑒) −
𝐾1

2.303
𝑡                       (8) 

𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒
2

+
1

𝑞𝑒
𝑡                                                        (9) 

 

where qt (mg g–1) and qe (mg g–1) are the amounts adsorbed at t and equilibrium, respectively, 

t is the time of reaction, K1 (min–1) and K2 (g mg–1 min–1) are the constants related to the first-

order and second-order, respectively. The kinetic parameters of each model and the margins of 

error between the calculated and measured values are summarized in Table 1. By comparing 

the values of r2 and the errors obtained for the kinetics of the pseudo-first-order with those of 

the pseudo-second-order, it can easily be concluded that the current reaction takes place via a 

mechanism of pseudo-second-order rather than a mechanism of pseudo-first-order. 
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Table 1. Kinetic model parameters for adsorption of MB, CV, and CR on AS. 

Model Parameter MB CV CR 

Pseudo-first-order 

qe,,exp (mg g–1) 15.23 12.11 5.77 

qe, cal (mg g–1) 0.30 0.17 0.07 

K1 (min–1) 0.038 0.008 0.011 

r2 0.904 0.380 0.364 

RMSE 15.299 11.822 5.730 

SEE 25.745 81.671 38.341 

MPSD 0.961 0.9708 0.974 

Pseudo-second-order 

qe, cal (mg g–1) 15.74 12.10 5.82 

K2 (g mg –1 min–1)  0.517 0.429 4.832 

r2 0.999 0.999 0.999 

RMSE 0.185 0.173 0.037 

SEE 0.377 0.386 0.013 

MPSD 0.007 0.001 0.002 

3.2.3. Effect of dye concentration and adsorption equilibrium. 

The effect of initial MB, CV, and CR concentrations varied from 50 to 500 mg L–1 with 

keeping all other parameters consistent (AS dose (MB)= 8 g L−1, AS dose (CV)= 8 g L−1, AS 

dose (CR)= 20 g L−1, temperature: 22 ± 1°C, contact time: 10 min. The results are depicted in 

Figure 5. The adsorption capacity progressively increased with increasing CR and MB 

concentrations 50 to 500 mg L–1 due to the occupation of all available active sites in the surface 

of the adsorbent by MB, CV, and CR molecules [58]. 

 

 
Figure 5. Effect dye concentration on MB, CV and CR adsorption (AS dose (MB)= 8 g L−1, AS dose (CV)= 8 g 

L−1, AS dose (CR)= 20 g L−1,  pH (MB)=5.57, pH (CV)=5.46,  pH (CR)=6.08,  t= 10 min, T= 22 ± 1 °C).  

The experimental data at the equilibrium of MB, CV, and CR on AS were fitted to 

Langmuir and Freundlich isotherm models and are represented by the equations below, 

respectively [59–61]:  

𝐶𝑒

𝑞𝑒
=

1

𝑄𝑚𝐾𝐿
+

𝐶𝑒

𝑄𝑚
                                   (10) 

𝐿𝑛𝑞𝑒 = 𝐿𝑛𝐾𝐹 +
𝐿𝑛𝐶𝑒

𝑛
                            (11) 
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𝑞𝑒 = 𝐵𝐿𝑛𝐾𝑇 + 𝐵𝐿𝑛𝐶𝑒                             (12) 

 

where Qm (mg g–1) is the maximum dye per gram of adsorbent, KL (L mg–1) is the constant of 

Langmuir isotherm, KF ((mg g–1) (L mg–1)1/n) is the constant related to Freundlich isotherm, 

KT (L g–1) is the constant of Temkin isotherm and B is the constant related to the heat 

adsorption. The calculated parameters are given in Table 2. Based on correlation coefficient 

r2, the Langmuir model best described the MB, CV, and CR adsorption equilibrium data. 

Langmuir model suggests the dye adsorption occurs as a monolayer from the homogeneous 

surface of the adsorbent [62]. 

Table 2. Isotherm model parameters for adsorption of MB, CV, and CR on AS. 

Model Parameter MB CV CR 

 

 

Langmuir 

Qm (mg g–1) 52.35 44.78 26.92 

KL (L mg–1) 71.252 127.291 28.6 

r2 0.992 0.991 0.994 

RMSE 4.202 2.808 1.1265 

SEE 123.651 7.312 10.058 

MPSD 0.018 0.020 0.008 

 

 

Freundlich 

KF ((mg g–1) (L mg–1)1/n) 9.021 8.65 1.851 

N 4.672 2.841 2.011 

r2 0.845 0.900 0.873 

RMSE 188.646 116.91 2.8249 

SEE 14.355 12.845 47.879 

MPSD 0.964 0.1889 0.1954 

 

 

 

Temkin 

B 1.327 2.893 0.370 

KT (L g–1) 9.125 7.191 5.342 

r2 0.936 0.987 0.972 

RMSE 3.943 3.557 1.313 

SEE 124.53 14.55 10.354 

MPSD 0.0233 0.040 0.001 

3.2.4. Effect of pH. 

Figure 6 illustrates the removal of MB, CV, and CR dyes as a function of solution pH. 

The batch experiments were conducted at different pH ranging from 3 to 11 at an initial 

concentration of 100 mg L–1 of dye. The point of zero charges (PZC) is a crucial parameter to 

understand the adsorption process. As Figure 7 depicted, PZC of AS was 5.7.  From Figure 

6, it can be noted that the adsorption capacity of MB and CV increased from 6.43 to 15.15 mg 

g–1 and from 4.43 to 12.15 mg g–1 when the pH of the solution increased from 3 to 11, 

respectively, while the adsorption capacity of CR decreased from 5.83 to 2.78 mg g–1. The 

unfavorable adsorption of MB and CV,  the favorable adsorption of CR in an acidic medium 

due to the positive charge of AS surface at pH< PZC, when pH> PZC, and the adsorption of 

MB and CV are favorable and unfavorable for CR due to the negative charge of surface 

adsorbent [63,64].  
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Figure 6. Effect pH on MB, CV, and CR adsorption (AS dose (MB)= 8 g L−1, AS dose (CV)= 8 g L−1, AS dose 

(CR)= 20 g L−1, C0 =100 mg L−1, t= 10 min, T= 22 ± 1 °C). 

 
Figure 7. PZC of AS. 

3.2.5. Effect of temperature and thermodynamic adsorption. 

The effect of temperature of MB, CV, and CR adsorption on AS was studied at the 

ranging temperature 20-50 °C using 8 g L–1 for MB (100 mg L−1) or 8 g L–1 for CV (100 mg 

L−1) or 20 g L–1 for CR (100 mg L−1) of AS dosage and contact time of 10 min. The results are 

presented in Figure 8. It was seen that when the temperature was increased from 20 to 50 °C, 

the adsorption capacity of dye decreased from 15.68 to 15.28 mg g −1 for MB, from 12.04 to 

8.82 mg g −1 for CV, and from 5.58 to 3.87 mg g −1 at pH=5.57, pH=5.46 and pH= 6.08 for 

MB, CV, and CR, respectively. This decrease of the adsorption capacity due to the mobility of 

no accelerated dye molecules increases the temperature [65]. 
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Figure 8. Effect temperature on MB, CV and CR adsorption (AS dose (MB)= 8 g L−1, AS dose (CV)= 8 g L−1, 

AS dose (CR)= 20 g L−1,  pH (MB)=5.57, pH (CV)=5.46, pH (CR)=6.08, t= 10 min, C0 =100 mg L−1). 

The thermodynamic parameters as the free energy ΔG°, the enthalpy ΔH°, and the 

entropy ΔS° of MB, CV, and CR adsorption on  the AS were calculated by the equations below 

[66]: 

 

𝛥𝐺° = −𝑅𝑇𝐿𝑛𝐾𝐶                                (13) 

𝐿𝑛𝐾𝐶 =
𝛥𝑆°

𝑅
−

𝛥𝐻°

𝑅𝑇
                            (14) 

 

where R (8.314 J mol–1 K–1) is the constant of perfect gases, T (K) is the absolute temperature, 

and, KC is the equilibrium constant, ΔH° was obtained from the slope of LnKC versus 1/T (K–

1), and ΔS° was obtained from y-intercept for adsorption of dye. The thermodynamic 

parameters of MB, CV, and CR adsorption on AS are given in Table 3. The negative value of 

ΔG° at five temperatures suggested the feasibility and spontaneity of the MB, CV, and CR 

adsorption on AS [67]. This adsorption is physical because the ΔG° was lower than 0 kJ mol–1 

[68]. The negative ΔH° values verified the exothermic nature of the adsorption process [69]. 

The negative ΔS° values indicate that the disorder decreases at the adsorbent/solution interface 

[70]. 

Table 3. The thermodynamic parameters of MB, CV, and CR adsorption on AS. 

Dye T (K) ΔG° (kJ mol−1) ΔH° (kJ mol−1) ΔS° (J mol−1 K−1) 

 

MB 

293 –10.425  

 

–12.191 

 

 

–5.881 

300 –10.346 

313 –10.204 

323 –08.753 

CV 293 –11.934  

 

–17.461 

 

 

–18.984 

300 –11.452 

313 –11.007 

323 –10.337 

CR 293 –05.850  

–06.805 

 

–21.201 300 –04.461 

313 –03.821 

323 –02.478 
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3.2.6. Proposed adsorption mechanism of dyes onto the adsorbent. 

The adsorption mechanism of MB, CV, and CR onto the surface of AS is proposed 

based on FTIR analysis and PZC of the adsorbent. From this figure, the MB and CV adsorption 

onto adsorbent are interactions such as hydrogen bonding and electrostatic interaction in case 

of pH< PZC and hydrogen bonding and electrostatic repulsion in case of pH> PZC  between 

the CR dye molecules and surface AS, unlike in the case of CR [71–74].  

 
 

 
Figure 9. Proposed adsorption mechanism of (a) MB; (b) CR; (c) CV onto AS. 

3.3.Adsorption study in a binary system. 

3.3.1. Mixture of MB with CR. 

The adsorption of MB and CR from MB+CR was tested and the results obtained are 

shown in Figure 10. Analysis of these results shows that MB adsorption is almost independent 

of the presence of CR, while the presence of MB strongly influences the adsorption of CR.  

Indeed, the amount of adsorbed CR increased from 8.23 to 12.10 mg g–1 in the presence of MB 

from 0 to 80 % in the mixture MB+CR. An electrostatic attraction generally explains this 

improvement in the amount of adsorbed between MB (adsorbed to a solid surface), which is 

cationic, and CR (free in the solution), which is anionic, as shown in Figure 11 [1,75]. CR 

molecules adsorbed on AS offer a new opportunity for adsorption for some MB molecules not 
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yet adsorbed. In this mixture, a phenomenon of synergy between dyes was reported by Komal 

Sharma et al. [76]. 

 
Figure 10. Adsorption of MB and CR from a binary mixture of MB +CR using AS (AS dose= 8 mg L−1, t= 15 

min, T= 22 ± 1 °C). 

  
Figure 11. Proposed mechanism of adsorption of MB+CR onto AS: (a) CR majority; (b) CR minority. 

3.3.2. Mixture of MB with CV. 

This study focuses on elucidating the effect of a cationic dye (methylene blue) on the 

adsorption of another cationic dye (crystal violet). For this, we realized CV adsorption tests on 

AS in the presence of different percentages of MB. Figure 12 shows obtained results. These 

results show two remarkable points: The first is the slight decrease in the adsorbed amount of 

MB and CV in the mixture compared to that obtained in the case of the single system (100%). 

This remark is also reported by other authors [10,41,77], who propose as an explanation that 

the presence of another ionic dye of the same charge in the solution creates competition 

(antagonistic effect) for adsorption sites on the adsorbent surface. The second point was 

remarked in all mixtures; it is the minority dye that adsorbs more may be justified by 

accentuating the steric effect between the adsorbed molecules and not adsorbed with increased 

concentration. This steric effect plays the role of a repulsive force that inhibits the adsorption 

of high-concentration dye [75]. These two effects are summarized in Figure 13. 
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Figure 12. Adsorption of MB and CV from a binary mixture of MB + CV using AS (AS dose= 8 g L−1, t= 15 

min, T= 22 ± 1 °C). 

 
Figure 13. Proposed mechanism of adsorption of MB+CV onto AS (AS dose= 8 g L−1, t= 15 min, T= 22 ± 1 

°C). 

3.3.3. Mixture of CV with CR. 

The adsorption of CV and CR from CV+ CR on AS was studied, and the results are 

summarized in Figure 14. In analyzing these results, two different areas can be noted: the first 

is between 0 % and 40 % CV, corresponding to decreased quantities of adsorbed CR and CV 

this suggests that there is competition between the two dyes on available active sites [40,78]. 

The second begins when the CV becomes the majority (from 40 to 100 %). In this stage, we 

see an improvement in the amount of CR adsorbed may be justified by a synergy 

between already adsorbed CV molecules and CR molecules [10,76]. These will be 

themselves adsorbed to CV molecules due to attraction caused by differential loads between 

the CV molecules and the CR (Figure 15) [1]. 
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Figure 14. Adsorption of CV and CR a binary mixture of CV+ CR using AS AS dose= 8 g L−1, t= 15 min, T= 

22 ± 1 °C). 

 
  

 

Figure 15. Proposed mechanism of adsorption of CV+CR onto AS: (a) CR majority; (b) CR minority.  

4. Conclusions 

The adsorption of methylene blue, crystal violet, and Congo red from an aqueous 

solution onto an almond shell has been studied. The experimental study showed that AS could 

remove MB, CV, and CR from an aqueous solution well and rapidly (10 minutes) and that 

treating it with some chemical materials can raise its efficiency. The pseudo-second-order 

kinetic and Langmuir isotherm models are fitted to reveal the adsorption of MB, CV, and CR 

in a single system with a capacity maximum was 52.35 mg g–1, 44.78 mg g–1, and 26.92 mg g–

1, respectively. The adsorption of MB, CV, and CR on AS was spontaneous (ΔG°<0) and 

exothermic (ΔS°<0). Adsorption MB, CV, and CR from CR+MB and CR+CV were synergetic. 

The adsorption capacity of CR increased with the increasing volume of MB and CV in the 

mixture, while the adsorption MB and CV from MB+CV were competitive. These results 

demonstrated that the almond shell is a promising adsorbent for the removal of dyes from 

wastewaters. 
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