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INTRODUCTION 

Many industries use synthetic dyes and pigments that may find their 

way into natural waterways [1].Reactive dyes, an anionic or cationic 

dye, are most commonly used due to their provision of bright colors, 

excellent color fastness, and easy application. However, many reactive 

dyes are toxic to organisms and may cause direct harm to aquatic life. 

Accumulation of these dyes in wastewater from industries such as 

textiles, paper, cosmetics, rubber, and plastics has been regarded as a 

significant source of water pollution [2].Discharge of colored 

wastewater without proper treatment can results in numerous problems 

such as chemical oxygen demand (COD) by the water body and an 

increase in toxicity. Currently, there are about 10,000 different 

commercial dyes and pigments exist and over 7x105 tones of synthetic 

dyes are produced annually world-wide [3].Furthermore, dyes in  

Waste water are difficult to remove because they are stable to light, heat and oxidizing 

agents. In short, they are not easily degradable [4]. Moreover, their degradation products may 

be mutagenic and carcinogenic [5]. Many dyes may cause allergic dermatitis, skin irritation, 

dysfunction of kidney, liver, brain, reproductive and central nervous system[6]. Organic dyes 

are harmful to human beings, the need to remove color from wastewater effluents become 

environmentally important. It is rather difficult to treat dye effluents because of their 

synthetic origins and mainly aromatic structures, which are biologically non-degradable. 

Among several chemical and physical methods, adsorption process is one of the effective 
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techniques that have been successfully employed for color removal from wastewater [7]. 

Numerous treatment processes are now available for effluent discharged from industrial 

processes containing dyes as:adsorption[8], chemical oxidation[9], electrolysis 
[10],biodegradation [11], and photo-catalysis[12]. Among all the physical treatments, adsorption 

process has been reported to be the most effective method for water decontamination [13]. The 

removal of methylene blue from wastewater needs great attention. In this present study, 

scabiosaprolifera(Carmel Daisy) has been utilized as an adsorbent for the removal of 

methylene blue from aqueous solutions. The sorption data have also been correlated with 

adsorption isotherms and kinetics of adsorption has been studied to determine the efficiency 

of an adsorption process. 

 
The present research aims to remove methylene blue from aqueous solution using Carmel 

Daisy as bio-sorbent. Adsorption isotherm which includes Langmuir andFreundlich was used 

to correlate the adsorption data, kinetic and thermodynamic parameters were studied too. 

 
1.MATERIALS AND METHODS 

1.1. Preparation of Methylene Blue Solution 

Methylene blue (MB) a basic cationic dye, (C16H18ClN3S.3H2O; M.W: 373.90), was supplied 

by UNI-CHEM and used as an adsorbate. Stock solution of 1000 ppm was prepared by 

dissolving an accurately measured weight in 1 L distilled water. The solutions for use in 

experiments were obtained by diluting the stock solution to the desired concentration. 

 
1.2. Preparation and Characterization of Adsorbent 

Carmel Daisy (CD) utilized in this work was collected fromHoula valley South Lebanon. The 

collected plants were carefully washedwith running water to remove impurities, and then they 

were washed with distilled water. The clean plant was dried at room temperature for 10 days 

then in an oven at 70 oC for 6 hours. The dried CD was grinded to a fine powder in a grinding 

mill to get a size of 0.25 mm. Fourier transformation infrared (FTIR) analysis using JASCO 

FT/IR-6300 spectrometer was applied to determine the surface functional groups interfering 

in the adsorption of MB, where the spectra was recorded in the range of 4000 to 400 cm-1. 

 
1.3. Experimental Methods 

Batch experiments to study the capacity of CD to remove MB from solution were carried out 

using a series of Erlenmeyer flask of 50 ml capacity where 25 ml of MB were mixed with 

0.25 g of the adsorbent. The experiments were prepared to study the effect of initial MB 
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concentration, pH, contact time, adsorbent dose and temperature on adsorption of MB from 

its solution. All the adsorption experiments were carried out at room temperature and the 

original pH of the solution except where the effect of temperature and pH was being 

investigated. The initial pH was adjusted with(0.1 M) HNO3 or(0.1 M) NaOH solutions. At 

the end of each adsorption experiment, the adsorbent was removed by filtration through a 

(0.45 µm) filter paper, and the dye concentration at equivalence was analyzed using a UV-

visible spectrophotometer by monitoring the absorbance changes at λmax= 665 nm. The dye 

removal efficiency (R) and the amount of dye adsorbed per unit mass of adsorbent at time t 

(qt, mg.g-1) and at equilibrium (qe, mg.g-1), were calculated using the following equations: 

R (%) = [(C0 – Ce)/C0]*100 

qt = [(C0 – Ct)/m]*V 

qe = [(C0 – Ce)/m]*V 

C0(mg.L-1):  initialdye concentration 

Ct (mg.L-1): dye concentration at time t 

Ce(mg.L-1): equilibriumdye concentration 

qe(mg.g-1): amount of dye adsorbed onto the adsorbent at equilibrium 

qt(mg.g-1): amount of dye adsorbed onto the adsorbent at time t 

V (L): volume of the dye solution 

m(g): mass of the adsorbent 

 
1.4. Adsorption Isotherm 

Adsorption isotherm is basically important to describe how solutes interact with adsorbates, 

and is critical in optimizing the use of adsorbents[14]. 

 
1.4.1.Langmuir Isotherm 

It is based on the assumption that it predicts monolayer coverage of the adsorbate on the outer 

surface of the adsorbent. This model also suggests that there is no lateral interaction between 

the sorbed molecules[14]. Linear form of Langmuir isotherm is: 

1/qe=1/bqmCe + 1/qm 

Ce (mg.L-1): equilibrium dye concentration 

qe(mg.g-1): amount of dye adsorbed onto adsorbent at equilibrium 

qm (mg.g-1): maximum monolayer capacity of the adsorbent 

b (L.mg-1): Langmuir isotherm constant 
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1.4.2.Freundlich Isotherm 

It is based on multilayer adsorption on heterogeneous surface[14]. The linear form of 

Freundlich isotherm is: 

lnqe = lnKF + (1/n)lnCe 

KF(L.mg-1): Freundlich constant indicating adsorption capacity 

n: adsorption intensity 

 
2. RESULTS AND DISCUSSION 

2.1.  Characterization of CD 

The infrared of CD is shown in Fig. 1. The intense broad peak (1) around3300 cm-1 

corresponds to the stretching vibration of amino and hydroxyl groups. Peak (2) at ~2900 cm-1 

can be referred to C-H stretching vibrations. Peak (3) at 1740 cm-1 is attributed to carboxyl 

group and that at 1600 cm-1(4) corresponds to C=C stretching vibration. Peak (5) at 1500 cm-1 

is referred to N-H bending mode, and peaks (6, 8 & 9) at ~1450, 1350 & 1250 cm-1 

respectively are attributed to C-H bending vibrations. The intense peak (10) at 1100 cm-1 

reveals the stretching vibration of C-O. 

 
2.2. Effect of Mb Concentration 

To investigate the effects of the MB concentration on the adsorption capacity, the process 

was carried out with initial MB concentration between 100 and 400 mg.L-1 while keeping the 

other four parameters constant. As can be seen from Fig. 2 (a), there is a general increase in 

adsorption capacity of MB with the increasing concentration.  

 
An increase in the initial MB concentration from 100 to 400 mg.L-1, leads to an increase in 

the adsorption capacity of CD as well from 9.54 to 37.65 mg.g-1 respectively, and this can be 

attributed to an increase in the driving force for the mass transfer between the aqueous phases 

and the solid phase [15]. 

 
2.3. Effect of Temperature 

Temperature is an important factor that can affect the adsorption process. The effect of 

temperature on MB adsorption is shown in Fig.2(b). A decrease in the efficiency of removal 

of the dye from 95.4 to 95.1 % as the temperature increases from 25 to 45 ºC can be seen, 

revealing that the adsorption of MB on CD is of an exothermic nature, and lower temperature 

favors the adsorption. 

 



www.wjpr.net                        Vol 3, Issue 8, 2014.     

 

49 
 

Hijazi et al.                                                          World Journal of Pharmaceutical Research 

2.4. Effect of Contact Time 

The effect of time has also been studied over an interval of 5 to 120 minutes. As shown in 

Fig. 2(c)the efficiency of removal increases with the contact time to reach an optimum of 

more than (95%) after 60 min. MB is rapidly removed within the first 5 min of contact then 

the rate gradually becomes slower as the equilibrium is attained. This is due to the availability 

of high number of adsorption vacant sites on the surface of CD at the initial stage of 

adsorption. However, the remaining vacant sites are less available for adsorption as time 

lapses because of the repulsive forces between the adsorbed and the free molecules [16]. 

 
2.5. Effect of pH 

The pH of the initial solution is one of the most important factors influencing the adsorption 

of dyes on an adsorbent [17]. Fig. 2(d) shows the effect of initial pH on the % of MB removed. 

With pH increasing from 3 to 4, the % removed increases from 96.17 to 96.87 % 

respectively. Further increase in the pH leads to a drop in the % removed to reach a minimum 

of 95.7% at pH = 9. Generally, the dissolved cationic dye is positively charged in aqueous 

solution. At low pH, the surface of the adsorbent gathers positive charges by adsorbing H+ 

ions, which prevents the adsorption of cationic dye onto the adsorbent surface due to 

electrostatic repulsion and the competition between H+ ions and the cationic dye for the 

adsorption sites [15].  If electrostatic attraction was the only mechanism for MB adsorption, 

the % removed should have increased with the increase in pH. However, the experimental 

data from this study did not follow this prediction, revealing that electrostatic interaction was 

not the only mechanism for MB dye adsorption in the present system. It seems that the 

phenomenon of dye removal by CD is carried out by several sorption processes (adsorption, 

ion exchange, hydrogen bonding, chelation for example). Similar observation was previously 

reported for MB sorption on wheat bran [18]. 

 
2.6. Effect of Adsorbent Dose 

The effect of CD dose on MB adsorption is shown in Fig. 2(e). With increasing the adsorbent 

dose from 0.1 to 0.7 g, the % of MB removed increased from 94 to 97.74 %, but the 

adsorption capacity (qe) for CD decreased from 23.5 to 3.4 mg.g-1 respectively. This 

phenomenon can be referred to the increase in the unsaturated adsorption sites coming along 

with the high surface area. High number of unsaturated adsorption sites occurs with higher 

adsorbent dose favoring the adsorption[17]. 
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2.7. Adsorption Isotherms 

2.7.1. Langmuir Isotherm: The maximum monolayer capacity qmand Langmuir isotherm 

constant b can be calculated from the intercept and slope, respectively. The values are listed 

in Table 1. The linear plot of 1/qe versus 1/Ce with a correlation coefficient R2 = 0.999 shows 

that the studied process obeys Langumir adsorption isotherm. Moreover, qmax calculated from 

Langmuir isotherm was greater than the experimental values. Therefore the Langmuir model 

does not describe the adsorption of MB on CD. Similar results were reported by Tingguo Y. 

and Lijuan W. [19]. 

 
2.7.2.Freundlich Isotherm 

The adsorption capacity n and Freundlich constant KF can be calculated from the slope and 

intercept, respectively. And the values are listed in Table 1 as well. The plot of ln qe versus ln 

Ce showed linearity with R2 = 0.999 indicating that this process is consistent with Freundlich 

adsorption isotherm. 

 
The time data up to 120 min was tested for the following two kinetic models: 

Pseudo-first-order rate equation of Lagergren 

log(qe-qt) = logqe –k1/2.303 * t 

Pseudo-second-order rate equation 

t/qt = 1/k2qe
2 + 1/qe * t 

k1(L.min-1): adsorption rate constant for 1st order kinetic 

k2 (g.mg-1.min): rate constant of pseudo-second-order adsorption 

 
Two kinetic models were studied; their parameters and correlation coefficients of MB were 

calculated from Fig. 5&6 and listed in Table 2.  From Fig. 5it is observed that for the first 

order kinetic model R2 = 0.949 and the adsorption capacity is much lower than that obtained 

experimentally. On the other hand, R2 for the second model is 1 showed in Fig. 6, and the 

values obtained are comparable with the experimental values. This observation suggests the 

applicability of the second kinetic model on the adsorption process in this study. 

 
Thermodynamic Parameters 

The adsorption mechanism may be determined through the thermodynamic quantities as the 

change in free energy (∆G0), enthalpy of adsorption(∆H0), and entropy (∆S0). 

Thermodynamic parameters of the adsorption of MB on the surface of CD were determined 



www.wjpr.net                        Vol 3, Issue 8, 2014.     

 

51 
 

Hijazi et al.                                                          World Journal of Pharmaceutical Research 

at five various temperatures and initial dye concentration of 100 mg.L-1 using the following 

equations. 

∆G0 = -RT ln Kc 

Where T is the temperature in Kelvin, R is the gas constant (8.314×10−3 kJ/mol K), and Kc is 

the distribution coefficient determined as: Kc = qe/Ce 

∆H0 and ∆S0 are determined from Van’t Hoff equation: 

logKc = ∆S0/2.303R -∆H0/2.303RT 

 
∆H0 and ∆S0 were calculated from the slope and intercept of the plot between logKc and 1/T. 

their values are given in Table 3 below. The negative value of ∆H0 confirms the exothermic 

nature of the adsorption of MB on CD surface. The positive ∆S0 value reflects the change 

occurring. And the negative value of ∆G0 reveals the spontaneity of the adsorption process. 

 

 
Figure 1: Effect of (a) Concentration, (b) time, (c) Temperature, (d) pH and (e) dose on 

adsorption of MB 
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Figure 2: IR spectrum of CD 

 

 
Figure 3: Langumir isotherm using CD 

 

 
Figure 4: Freundlich Isotherm Using CD 
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Figure 5: Pseudo first order kinetic plot of MB adsorption on CD 

 

 
Figure 6: Pseudo second order kinetic plot of MB adsorption on CD 

 

 
Figure 7: Van’t Hoff plots 
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Table 1: Equilibrium constatns for MB adsorption on CD 

 

 

 

Table 2: Kinetic parameters for adsorption of MB on CD 
 

 

 

 
Table 3: Thermodynamic parameters for adsorption of MB on CD 

T Log Kc 
∆H0×10−3 

(kJ.mol-1) 

∆S0×10−4 

(kJ.mol-1.K-1) 
∆G0 (kJ mol−1) 

298 0.3174 -1.685 4.403 -1.810 

303 0.317 -1.685 4.403 -1.838 

308 0.3147 -1.685 4.403 -1.855 

313 0.3074 -1.685 4.403 -1.842 

318 0.2986 -1.685 4.403 -1.818 

 
3. CONCLUSION 

In the present study, scabiosaprolifera (Carmel Daisy) a natural growing plant in Houlavaly 

was used as a Bio-sorbent for the removal of Methylene Blue from waste water and to study 

its adsorption behavior. Kinetic study of MB showed that it followed pseudo-second-order 

kinetic model. The maximum loading capacity was found to be 37.65 mn.g-1. The adsorption 

data showed a better fit to Freundlich than to Langumir isotherms. The adsorption process 

was found to be spontaneous and of exothermic nature under the studied conditions. This 

study provided a natural occurring, low cost, and environmentally friendly adsorbent for the 

treatment especially the removal of MB. 

 
REFERENCES 

1. Haddadian Z, Shavandi MA,ZainalAbdin Z, Fakhu’L-Razi A, Shah Islam MH. Removal 

Methyl Orange from Aqueous Solutions Using Dragon Fruit (Hylocereusundatus) 

Foliage.ChemSci Trans. 2013; 2(3): 900-10. 

Pseudo 1st order k1 qe R2 

 0.460 0.87 0.949 
Pseudo 2nd order k2 qe R2 

 0.145 9.70 0.999 

Langmuir qmax b R2 

 125 0.0179 0.999 
Freundlich n KF R2 

 1.183 2.637 0.999 



www.wjpr.net                        Vol 3, Issue 8, 2014.     

 

55 
 

Hijazi et al.                                                          World Journal of Pharmaceutical Research 

2. Umpuch C,Sakaew S. Removal of methyl orange from aqueous solutions by adsorption 

using chitosan intercalated montmorillonite. Songklanakarin J Sci Technol. 2013; 35(4): 

451-9. 

3. [Owamah HI, Chukwujindu IS,Asiagwu AK. Biosorptive capacity of yam peels waste for 

the removal of dye from aqueous solutions. Civ Environ Res. 2013; 3: 36–48. 

4. Jain R,Sikarwar S. Removal of hazardous dye congored from waste material. J Hazard 

Mater.2008; 152: 942-8. 

5. Saha P, Das Mishra R, Husk R. Adsorption of safranin onto chemically modified rice 

husk in a upward flow packed bed reactor: artificial neural network modeling. Biotechnol 

Adv. 2012; 44: 7579–83. 

6. Khan TA, Sharma S, Ali I. Adsorption of Rhodamine B dye from aqueous solution onto 

acid activated mango (Magniferaindica) leaf powder: Equilibrium, kinetic and 

thermodynamic studies. J Toxicol Environ Heal Sci. 2011; 3: 286–97. 

7. Aksu Z, Ertu S,Dönmez G. Methylene Blue biosorption by Rhizopusarrhizus: Effect of 

SDS (sodium dodecylsulfate) surfactant on biosorption properties. ChemEng J. 2010; 

158: 474–81. 

8. Wan Ngah WS, Teong LC,Hanafiah MAKM. Adsorption of dyes and heavy metal ions 

by chitosan composites: A review. CarbohydrPolym. 2011; 83: 1446–56.  

9. Wang S.A. Comparative study of Fenton and Fenton-like reaction kinetics in 

decolourisation of wastewater. Dye Pigment.2008; 76: 714–20. 

10. Jin YZ,Zhang YF, Li W. Micro-electrolysis technology forindustrial wastewater 

treatment. Bioresour Technol. 2003; 15: 334–8. 

11. Barragan BE, Costa C, Carmen Marquez M. Biodegradation of azo dyes by bacteria 

inoculated on solid media. Dye Pigment.2007; 75: 73–81. 

12. Malekbala MR, Soltani SM, Yazdi SK, Hosseini S. Equilibrium and Kinetic Studies of 

Safranine Adsorption on Alkali-Treated Mango Seed Integuments. Int J ChemEng Appl. 

2012; 3. 

13. Mohammed MA, Shitu A, Ibrahim A., Removal of Methylene Blue Using Low Cost 

Adsorbent: A Review. Res J Chem Sci. 2014; 4(1): 91-102. 

14. Idris S, Ndamitso MM, Iyaka YA, Mhhammad EB. Sawdust as an Adsorbent for the 

Removal of Methylene Blue from Aqueous Solution: Adsorption and Equilibrium 

Studies. J Chem Eng.2012; 1(1): 11-24. 

15. Senthil Kumar P, Ramalingam S, Senthamaria C, Niranjanaa M, Vijayalakshimi P, 

Sivanesan S. Adsorption of dye from aqueous solution by cashew nut shell: Studies on 



www.wjpr.net                        Vol 3, Issue 8, 2014.     

 

56 
 

Hijazi et al.                                                          World Journal of Pharmaceutical Research 

equilibrium isotherm, kinetics and thermodynamics of interactions. Desalination. 2010; 

261(1-2): 52-60. 

16. de Sa FP, Cunha BN, Nunes LM, Effect of pH on the adsorption of sunset Yellow FCF 

food dye into a layered double hydroxide (CaAl-LDH-NO3). ChemEng J. 2013; 215-

216(15): 122-7. 

17. Alencar WS, Acayanka E, Lima EC, Royer B, de Souza FE, Lameira J, Alves CN. 

Application of Mangiferaindica(mango) seeds as a bisorbent for removal of Victazol 

Orange 3R dye from aqueous solution and study of the biosorption mechanism.ChemEng 

J. 2012; 209(15): 577-88. 

18. Hamdaoui O,Chiha M. Removal of Methylene Blue from Aqueous Solution by Wheat 

Bran. ActaChimSlov.2007; 54: 407-18. 

19. Yan T, Wang L. Adsorptive Removal of Methylene Blue from Aqueous Solution by 

Spent Mushroom Substrate: Equilibrium, Kinetics, and Thermodynamics. BioResources. 

2013; 8(3): 4722-34. 

 

 

 


