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ABSTRACT 

The present study aims to evaluate the biosorption of reactive orange dye by using garden grass. 

Experiments were carried out in a batch reactor to obtain equilibrium and thermodynamic data. 

Experimental parameters affecting the biosorption process such as pH, shaking time, initial dye 

concentrations, and temperature were thoroughly examined. The optimum pH for removal was 

found to be 4. Fourier transform infrared spectroscopy analysis indicated that the electronegative 

groups on the surface of garden grass were the major groups responsible for the biosorption 

process. Four sorption isotherm models were employed to analyze the experimental data of 

which Temkin and Pyzhey model was found to be most suitable one. The maximum biosorption 

capacity was 12.2 mg/g at 30 °C. The maximum removal percent reached 90% at optimum 

conditions. Therefore, the pretreatment or modification of this biosorbent may enhance the 

biosorption capacity. Thermodynamic parameters (i.e., change in the free energy, the enthalpy, 

and the entropy) were also evaluated and their values revealed that the biosorption process was 

exothermic in nature and less favorable at high temperature. 
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 دراسة توازن وثرموداينمكية الامتزاز الحيوي لمصبغة البرتقالية باستخدام ثيل الحدائق
 

 طارق جواد الموسوي                                     فرح عماد الدمموجي                                                محمداحمد عبد 
 مدرسمساعد                                                 مدرس                                                    استاذ مساعد   
 جامعة بغداد/كمية الهندسة                              جامعة بغداد/كمية الهندسة                                      عة بغداد/كمية الهندسةجام

 
 الخلاصة

اجريت العديد من التجارب تهدف الدراسة الحالية الى تقييم الامتزاز الحيوي لمصبغة البرتقالية الفعالة باستخدام ثيل الحدائق. 
تم دراسة تأثير بعض الظروف في عممية  الثرموديناميكية. و الامتزاز الحيويبيانات لغرض الحصول عمى  الدفعات بطريقة

لة الحامضية الامتزاز مثل الدالة الحامضية، سرعة الخمط، التركيز الابتدائي، والحرارة. وجد ان افضل ازالة حصمت عند قيمة دا
سطح  عمى سالبة الشحنة الموجودة الفعالة المجاميع ان( FTIR) الحمراء تحت الاشعة باستخدام لثيلنتائج تحميل ا . بينت4

الثيل كان لها الدور الكبير في عممية الامتزاز. تم مطابقة النتائج العممية مع اربعة موديلات رياضية حيث بينت النتائج تطابق 
ممغم/غم عند درجة  12.2ية الامتزاز الى م. وصمت اعمى قيمة لعمPyzheyوTemkin كبير مع الموديل المقدم من قبل 

التعديل لممادة الممتزة  . لذا فان عممية المعالجة او% بالظروف المثمى00اعمى نسبة ازالة وصمت الى  ان و مئوية. 30حرارة 
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و غير مفضل بدرجات الحرارة  الامتزاز هو باعث لمحرارةربما تحسن عممية الازالة. اثبتت نتائج دراسة الثرموداينمك ان طبيعة 
 العالية.

 
 ثيل، صبغة برتقالية، امتزاز الحيوي، موديل، ثرموداينمك.: كممات رئيسية

 
1. INTRODUCTION 

Reactive dyes are extensively used in textile, paper, leather, plastic, cosmetics, pharmaceuticals, 

and food industries to color various substances, Han, and Yun, 2007. These dyes are widely 

used to dye cotton, wool, and polyamide fibers, due to their properties such as simple application 

procedure, good stability during washing, and bright colours. Dyes are bright in color due to 

presence of one or several azo bonds (-N=N-) associated with substituted aromatic structures, 

Moreira, et al., 1998; Bhatnagar, and Jain, 2005. Wastewaters from textile industry contain 

large amounts of dyes, representing a major threat to the environment due to their toxicity and 

potential carcinogenic nature, Bizani, et al., 2006. Dyes are the most easily recognized 

contaminant because they are visible to the human eye. Dyestuff effluent is resistant to light and 

when discharged into the water bodies, it prevents the sunlight from penetrating through and 

reduces the aesthetic quality of water and photosynthesis ,Owoyokun, 2009 and Jiang, et al., 

2008). Therefore, it is necessary for the dye effluents to be treated properly before they are 

discharged into the water bodies. A number of conventional treatment methods like coagulation, 

chemical precipitation, membrane filtration, solvent extraction, chemical oxidation, photolysis, 

reverse osmosis, and flocculation have been used for the treatment of dyes containing 

wastewaters, Mittal, et al., 2009. However, these methods are generally ineffective in color 

removal and expensive for the treatment of dyes containing wastewaters due to their complex 

poly-aromatic structure and hence cause health problems, Mahmoud, et al., 2007 and  Mall, et 

al., 2007. 

Adsorption techniques are generally considered as the preferred means for removing dyes due to 

their efficacy to separate chemical compounds from wastewater, simple operation, easy recovery 

and reuse of adsorbent. The most widely used adsorbent for this purpose is activated carbon,  

El-Sayed, et al., 2011, however, due to economic constraint, it's applications on industrial scale 

are limited, Hammed, et al., 2008. Biosorption is a process which utilizes inexpensive dead 

biomass to remove pollutants from waters, especially those that not easily degradable such as 

metals and dyes, Kratochvil, and Volesky, 1998. Biosorption is proven to be quite effective at 

removing pollutants from contaminated solutions in a low cost and environment-friendly 

manner, Sulaymon, et al., 2013. Biosorption of dyes from wastewater has attracted a significant 

attention in recent years. A number of studies have been focused on biomaterials that are capable 

of removing dyes from wastewater such as deolied soya, Mittal, et al., 2009 , barely husk, Haq, 

et al., 2011; sunflower, Thinakaran, et al., 2007; rice milling waste, and Bhatti, and Safa, 

2012, etc. However, these biosorbents have generally low biosorption capacities, high cost, not 

available in high quantity. Therefore, there is a need to find new, economically, easily available 

and effective biosorbent. Grass is an agricultural waste, environmentally friendly, and high yield 

material after mowing gardens, lawns, and parks. Grass is available in large quantities in gardens 

in University of Baghdad. Approximately, ten tons of grass is mower monthly from these 

gardens. Often, these quantities were dumped in a municipal solid waste landfill. In addition, GG 

is a low cost biosorbent, the unit cost of collecting 1 kg of virgin grass from Baghdad University 

gardens is about US$ 0.5, Sulaymon, et al., 2014.  Several studies have been carried out to 

examine the use of grass as biosorbent to remove heavy metals from aqueous solution. Hossain, 
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et al., 2012, Sulaymon, et al., 2014, and Chojnacka, 2006, studied the heavy metal removal 

efficiency of grass. The results revealed that the garden grass was an effective biosorbent for the 

removal of heavy metals.  

In this study, we focused on the removal of reactive orange (RO) dye from aqueous solution onto 

garden grass (GG). The preparation, characterization and sorption properties of GG were 

reported. RO dye sorption was investigated in batch system considering the effect of pH, 

temperature, contact time, and initial dye concentration. 

 

2. MATERIALS AND METHODS 

2.1. Biosorbent and Sorbate Preparation 

The GG was collected from the gardens of University of Baghdad after mowing. The foreign 

matters were removed manually. To remove dirt and impurities, the GG washed several times 

with tap water then with distilled water. Cleaned GG was cut into small pieces, sundried, and 

then dried in oven at 60±3 °C until all the moistures are removed. The dried material was 

shredded, grounded into powder. The average particle size of powdered grass was measured by 

sieving method in a sieve shaker. The average size of GG particles that passed the 200 µm size 

screen (yield 50 %) were chosen as biosorbent then stored in an opaque air-tight polyethylene 

container at room temperature for using in the biosorption experiments with required amounts. 

No other physical or chemical treatment was used before biosorption experiments. 

The commercial grade of RO dye with molecular formula C20H17N3Na2O11S3, molecular weight    

617.42 g/mol, and wave length (λmax) 490 nm, solubility 90 mg/l, pH 6.5, was obtained from 

SIGMA-ALDRICH Company. Fig. 1 shows the chemical structure of RO dye used in this study. 

Simulated stock solution of RO dye had been prepared by dissolving 1 g of dry powdered dye in 

1000 ml distilled water and stored in glass container at the room temperature. Experimental 

solutions of desired concentrations ranging from 10 to 100 mg/l were obtained by successive 

dilution of the stock solution. The initial pH of the working solutions was adjusted by addition 

drop-by-drop buffer solution under magnetic stirring. Standard curve were developed at λmax490 

nm for RO dye through the measurement of the dye solution absorbance by UV-VIS 

spectrophotometer (Model: APEL PD-303 UV, JAPAN). All the glassware used for dilution, 

storage and experimentation were cleaned with detergent, thoroughly rinsed with tap water, 

soaked overnight in a 20% HNO3 solution and finally rinsed with distilled water before use. 

 

2.2. Fourier Transfer Infrared Spectroscopy (FTIR) Analysis 

The identification of functional groups on the surface of the GG was performed using Fourier 

transform infrared spectroscopy (FTIR) analysis. The FTIR offers excellent information on the 

nature of the bands present on the surface of the biosorbent and also presents three main 

advantages as an analytical technique: it is fast, nondestructive and requires only small sample 

quantities, Pereira, et al., 2003.  Two samples of well powdered and dried GG were subjected to 

the FTIR analysis. The first sample contains 1 g of GG. The second sample was prepared by 

mixing 1 g of GG with 100 ml of 10 mg/l RO dye solution. The suspension was shaken at 200 

rpm for 2 h using a shaker (Edmund Buhler, 7400 Tubingen Shaker-SM 25, Germany). The 

aqueous solution was withdrawn and then the residue was filtered and dried in oven at 50 °C for 

24 h. The two samples were pressed into small discs by using a spectropically pure KBr matrix. 



4 
 

Then, Spectra were registered from 4000 to 500 cm
-1 

using Fourier transform infrared 

spectroscopy (Model: SHIMADZU 8500S, Japan). 

2.3. Batch Experiments 

2.3.1. Effects studies 

Optimization of various parameters such as pH, temperature, initial dye concentration, and 

shaking time on the removal efficiency were carried out in a batch reactor using classical 

approach. To study the effect of pH, several conical flasks were shaken at 200 rpm for 4 h. Each 

flask containing 1 g GG with 100 ml of 10 mg/l dye concentration at room temperature, and the 

pH range was from 2-8. The temperature effect experiment was conducted using seven flasks 

each one containing 100 ml of 10 mg/l dye concentration, and the solution temperatures were 20, 

25, 30, 35, 40, 45, and 50°C (200 rpm for 2 h, at an optimum pH determined in the pH study). 

The temperature was maintained using shaker incubator. Effect of initial dye concentrations were 

conducted using 10, 20, 50 and 100 mg/l dye solutions at room temperature and optimum pH 

value. The effect of contact time on the sorption process was investigated at different GG 

dosages (1, 2, 5, and 10 g) with 100 ml of 10 mg/l dye solution. The system was subjected to an 

agitation speed of 200 rpm, and the samples were collected from 1 to 240 min to determine the 

remaining concentration of RO dye. 

 

2.3.2. Equilibrium experiments 

Equilibrium sorption isotherms are useful to understand the sorption interaction as well as to find 

the sorption capacity of the sorbent. Equilibrium experiments were carried out by agitation fixed 

amount of GG (0.2, 0.4, 0.6, 0.8, 1, 2, 3, 4, and 5 g) with 100 ml of 10 mg/l synthetic solution of 

RO dye at different temperature (10, 20, and 30 °C). The pH of solution was adjusted to the best 

value based on the pH study (i.e., 4). The flasks were placed in a shaker (Edmund Buhler, 7400 

Tubingen Shaker-SM 25) with constant shaking speed at 200 rpm for 2 h. After the equilibrium 

time of biosorption process, the sorbent was separated from the aqueous solution by using a filter 

paper (WHATMAN, No.42; diameter, 7 cm) and determination of RO dye concentration was 

conducted by using UV-VIS spectrophotometer. Each sample was measured thrice in UV-VIS 

spectrophotometer and the results were given as the average value. The dye uptake and the 

percentage removal were calculated using the following equations: 

 
 
 
(     ) 

 
     , Hossain, et al., 2012                                                                                  (1) 

where, qe is the equilibrium biosorption capacity (mg/g); Co and Ce are the initial and equilibrium 

dye concentrations in the water (mg/l), respectively; V is the volume of used solution (l); and m 

is the mass of the used GG. 

The percentage of RO dye removal (%) was calculated using the following equation: 

          
     

  
                                                                                                          (2) 

2.4. Methods 

The sorption isotherm data can be modeled using a huge number of theoretical equations. In this 

study, the experimental isotherm data were fitted with the four isotherm models, namely, 

Langmuir, Freundlich, Redlich-Peterson, and Temkin and Pyzhey sorption isotherm models to 

describe the equilibrium characteristics of sorption. These models are presented in  

Table 1. Langmuir model assumes monolayer coverage of adsorbate over a homogeneous 

adsorbent surface, Langmuir, 1918. A basic assumption is that sorption takes place at specific 

homogeneous sites within the adsorbent. The Freundlich isotherm can be applied to non-ideal 
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adsorption on heterogeneous surfaces as well as multilayer sorption, Freundlich, 1906. Temkin 

and Pyzhey isotherm contains a factor that explicitly taking into the account of sorbent–sorbate 

interactions. By ignoring the extremely low and large value of concentrations, the model 

assumes that heat of sorption of all molecules in the layer would decrease linearly rather than 

logarithmic with coverage, as implied in the Freundlich equation, Temkin and Pyzhey, 1940. 

The Redlich-Peterson isotherm model can be applied to expresses the sorption process when 

dealing with a certain pollutants at high concentration, Quintelas, et al., 2008. In addition, the 

thermodynamics parameters of the sorption process such as enthalpy changes (∆H°), entropy 

changes (∆S°), and Gibbs free energy changes (∆G°) were used to determine the spontaneity of 

biosorption process. These parameters have been determined using Van't Hoff and Gibbs free 

energy equations. 

 

3. RESULTS AND DISCUSSION 

3.1. Biosorbent Characterization 

The Physicochemical properties of GG are presented in Table 2. The FTIR spectrum of GG 

Fig.2 shows RO dye interaction with different chemical groups during the biosorption process. 

This figure shows that the hydroxyl (-OH), carboxyl (-COO), alcohol (C-O), sulfur groups such 

as C-S-O and S=O stretching and amide groups are involved in the biosorption process.After 

contact with RO dye solutions, the position of the band related to the -OH groups from cellulose 

materials and -NH groups from proteins, Prasad and Santhi, 2012 and Bertagnolli, et al., 2014, 

shifts from 3338 cm
-1

 in the GG to 3303 cm
-1

 for RO dye loaded GG. The band observed at 

2911cm
-1 

is assigned for the alkyl chains (-C-H), Ahmad, and Kumar, 2010. This band was 

slightly shifted to a new value of 2920 cm
-1

. The band at 1641cm
-1

 could be owing to the 

presence of carboxylates (-COO) groups, Arief, et al., 2008, this group shifted to 1655cm
-1

 after 

RO sorption. The –C-O, C-C, and –C-OH stretching vibrations can be attributed to peaks in the 

region of 1440–1024 cm
−1

.Some bands in the fingerprint regions (900–750 cm
−1

) could be 

attributed to the aromatic (–C-H) groups, Al-Rub, et al., 2006. No change was obvious in these 

peaks values. The shift of the bands can probably be attributed to proton exchange occurring 

during the biosorption of the RO dye onto the GG. 

3.2 Effect of pH 

Fig.3 shows the results of pH effect study. It can be seen that the pH of solution played a 

significant role in the sorption process especially in the acidic values. It is noteworthy that varied 

removal efficiency values were observed in the pH range from 2 to 6. The removal efficiency 

increased with increasing pH from 2 to 4 and reached to the maximum value (58%) at pH 4. 

While it reached 90% at the same pH value with using 10g GG. This pattern of dye removal is 

characteristic of anion sorption. In the pH range 6-7 a small decrease in the removal efficiency is 

observed while the variation in removal efficiency remain negligible in the pH above 7. Lodeiro, 

et al., 2004 showed at high acidic solution, the active surface sites of the sorbent may 

dissociated, reducing the number of binding sites for the sorption of sorbate. Hence low sorption 

capacity was observed at pH below 3. At pH range from 3 to 5, the surface of GG becomes 

positively charged and this facilities sorption of RO dye leading to maximum removal efficiency 

at pH 4. The results obtained in this study are in a good agreement with those reported in 

previous studies, Elwakeel, et al., 2014, who noted that in acidic solutions more protons will be 

available to protonate amine groups to form     
 groups, leading to increase of available 

sorption sites on the adsorbent. A decline in the sorption capacity was observed at pH above 6, 

which may be attributed to the competition of OH
-
 and dye anions. Also, certain chemical 

compounds in RO dye such as phenols and acids that are proton donors become anions when the 
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solution pH reaches to the equilibrium condition, in this case the sorption capacity decreased 

with increase in pH, Kookana, and Rogers, 1995. Therefore, the optimum pH 4 was used for the 

subsequent experiments. 

 

3.2 Effect of Temperature 

The effect of temperature on the removal efficiency has been investigated within a temperature 

range of 20 to 50 °C and the results are depicted in Fig. 4. It can be seen that the maximum 

percentage removal for RO dyes observed between 20-30 °C. Several authors showed that 

further increases in temperature (above 30 °C) lead to a decrease the percentage removal. This 

may be attributed to an increase in the relative desorption of the dye from the solid phase to the 

liquid phase, deactivation of the biosorbent surface, destruction of active sites on the biosorbent 

surface due to bond disruption, Saleem, et al., 2007 and Meena, et al., 2005, or due to the 

weakness of the sorbent active site binding forces and the sorbate species and also between the 

adjacent molecules of the sorbed phase, Sari, and Tuzen, 2008. It can be seen from Fig. 4 that 

the variation of temperature from 25 to 30 °C has minimal effect on the biosorption process, so 

that further experiments were carried out at room temperature without temperature adjustment. 

 

3.3 Effect of Initial Dye Concentration  

Fig. 5 shows the variation of the removal efficiency and uptake with the variation of initial RO 

dye concentration from 10 to 100 mg/l at 1 g of GG. The results indicated that the percentage 

removal was not altered greatly from concentrations between 10 to 20 mg/l, this may be due to 

the amount of GG used in this experiment contains enough sorption surfaces and sites for this 

concentration range, Anwar, 2010, thereafter the percentage removal rapidly decreased with the 

further increase in concentration to 20 mg/l. The decrease in the percentage removal of dye can 

be explained with the fact that all the sorbents had a limited number of active sites, which have 

become saturated above a certain concentration, Li, et al., 2012. 

 

3.4 Effect of Contact Time and Dose 

It was very important to know the required time to reach equilibrium sorption condition. Fig. 6 

shows the results of sorption efficiency versus contact time. The results revealed a rapid sorption 

of RO dye at the initial time (30 min). The equilibrium condition was attained within first hour 

contact time and a relatively slow phase was observed beyond this time period. Initial 

biosorption was rapid due to the sorption of dye onto exterior surface, after that dye molecules 

enter into pores (interior surface), relatively slow process. The figure also showed that the 

removal efficiency increased from (58%-90%) with increasing the GG dosage from (1g to 10g). 

A similar observation was previously reported from removal of hazardous cationic dyes from 

aqueous solution onto Acacia nilotica leaves, Prasad, and Santhi, 2012. 

3.5 Equilibrium Isotherm Study 

The biosorption isotherm is a plot that shows the equilibrium uptake (qe, mg/g) against the 

weight of the biosorbent (g) or equilibrium concentration of the solute in the solution Ce (mg/g), 

Radnia, et al., 2012. In this study, this was obtained by the measurement of equilibrium uptake 

of RO dye using GG doses range from 0 to 5 g at different temperature (10, 20, and 30 °C) and 

the results are depicted in Fig.7. The sorption isotherm showed a steep initial slope followed by a 

progressive saturation of the sorbent. From Fig.7 it can be seen that the values of biosorption 

capacity increased with the increase of the GG dose in the range from 0 to 3 g, and then the 

biosorption capacity reached a plateau. The static biosorption capacity (12.2 mg/g) of the GG 

sorbent for RO dye was obtained at 30 °C. The experimental isotherm data were fitted with 
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several equilibrium isotherm models. Table 3 summarized the parameters of each model; these 

parameters are obtained from the nonlinear regression using STATISTICA program. The 

Temkin and Pyzhey model gave the best fit for the experimental data for sorption system of RO 

dye onto GG compared with other models recognized by the highest coefficient of regression 

values (R
2
). The best fit of experimental data by Temkin and Pyzhey isotherm assumes that the 

fall in the heat of sorption is linear rather than logarithmic, Temkin, and Pyzhey, 1940. In 

addition, the positive values of B of Temkin and Pyzhey model indicated that the biosorption 

process is a physical process, Dada, et al., 2012. 

Several efforts have been made to characterize the organic materials binding properties of 

various forms of biomass. The uptake value by different biomass is summarized in Table 4. It 

can be seen that the GG has a low biosorption capacity, when compared with other biomass, 

which may be owing to the fact that these biosorbents were treated or modified before using it in 

the biosorption process. 

 

3.6 Thermodynamics Study 

Van't Hoff equation is used to obtain the thermodynamics parameters. The values of ∆H° (-

43.521 kJ/mol) and ∆S° (-0.152 J/mol.K) are reported together with the Gibbs free energy values 

in Table 5. The negative value of ∆H° indicates the exothermic nature of biosorption process. 

The values of enthalpy are coherent with chemical nature of the interaction, which confirms the 

formation of a complex between GG active sites and RO dye. These results are in agreement 

with the Elwakeel, et al., 2004. The negative value of ∆S° means a decrease of the randomness 

of the system during biosorption of RO dye. Gibbs free energy of biosorption was calculated 

from the eq. (8) mentioned in Table 1 and the results were listed in Table 5. The positive values 

of ∆G° indicate that the biosorption reaction becomes less favorable at high temperature. The 

increase in the values of ∆G° with increasing temperature (from 1.28 to 6.1 kJ/mol) may be 

attributed to the exothermic nature of the reaction between GG sites and RO dye molecules. 

 

4. CONCLUSIONS 

This study entailed the equilibrium and thermodynamic studies of the biosorption of RO dye on 

GG. The results showed that garden grass is a good biosorbent towards reactive orange dye at 

slightly acidic solution (i.e., optimum pH 4) in which the removal efficiency reached to 90%. 

The maximum equilibrium uptake was 12.7 mg/g at the optimum condition. The biosorption 

process was examined by changing various parameters such as pH, temperature, and initial dye 

concentration, the results showed that the removal efficiency was affected due to the change in 

these parameters. FTIR analysis showed that the hydroxyl, carboxyl, alcohol, and amide groups 

are the major groups that responsible for the biosorption process. The sorption isotherm is 

successfully modeled by the Temkin and Pyzhey model. Thermodynamic study revealed that 

there is an exothermic nature of the reaction between GG sites and RO dye molecules.  
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Figure 1. Chemical structure of RO dye, Moreira, et al., 1998. 

 

Figure 2. FTIR spectrum of virgin and RO loaded GG samples. 
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Figure 3. PH effect on RO dye sorption using GG (Co=10 mg/l, GG dose=1 g, room 

temperature, 2 h contact time at 200 rpm). 

 

Figure 4. Temperature effect on RO dye sorption using GG (Co=10 ppm, GG dose=1 g, pH=4, 

 2 h contact time at 200 rpm). 
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Figure 5. Initial RO dye concentration effect on the removal efficiency using GG: (GG dose=1 

g, pH=4, room temperature, 2 h contact time at 200 rpm). 

 

 

 

Figure 6. Effect of contact time on the removal efficiency of RO dye using different GG 

dosages: (pH=4, room temperature, at 200 rpm). 
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Figure 7. RO biosorption capacity using GG at different temperature: Co=10 mg/l, GG weight 

(w) =0-5 g, pH=4, contact time= 2h, at 200 rpm. 
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Table1. The equations for the sorption isotherm. 

Model Equation Reference No.  

Langmuir    
      

      
                                              Langmuir, 1918 

   is the sorption uptake (mg/g);   is the equilibrium concentration of the adsorbate 

(mg/l);    is the maximum amount of the adsorbate per unit weight of the adsorbent 

(mg/g);    is the Langmuir constant related to the free energy of sorption (l/mg). 

(3) 

Freundlich        
   

                                            Freundlich, 1906 

   is the sorption uptake (mg/g); Ce is the equilibrium concentration of the adsorbate 

(mg/l); n is the Freundlich constant  related to sorption intensity (g/l); KF is the 

Freundlich constant related to the relative sorption capacity (mg/g). 

(4) 

Temkin  

and Pyzhey    
  

   
   (     )                              Temkin, and Pyzhey, 1940  

T is the absolute temperature (K), R is the universal gas constant (8.314 J/mol. K), 

    is the equilibrium binding constant,     is corresponding to the heat of sorption, 

and Ce is the equilibrium concentration of the adsorbate (mg/l). 

(5) 

Redlich-

Peterson 

 

   
     

       
   
                                  Quintelas, et al., 2008 

   is the sorption uptake (mg/g);   is the equilibrium concentration of the adsorbate 

(mg/l);    ,     and     are constants. 

(6) 

Van't Hoff       
   

  
 
   

 
                                Liu, 2009 

Kc is the equilibrium constant (qe/Ce), R is the universal gas constant (8.314 J/mol. 

K), ∆H° is the enthalpy of the sorption (kJ/mol), ∆S° is the entropy of the sorption 

(J/K.mol), and T is the solution temperature (K). 

 

(7) 

Gibbs free 

energy 
                                             Liu, 2009    

   is the Gibbs free energy of biosorption (kJ/mol), Kc is the equilibrium constant 

(qe/Ce), R is the universal gas constant (8.314 J/mol. K), and T is the solution 

temperature (K). 

(8) 

 Table 2. Characterization of the powdered grass. 

Parameter Value 

Particle size (mm) <0.2 

Surface area (m
2
/g) 5.6 

Apparent density (g/l) 0.48 

Zero point charge (pHzpc) 5.1 

Porosity (%) 60.5 

Moisture content (%) 1.57 

Ash content (%) 0.99 
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Table 3. Parameters of isotherm models for the biosorption of RO dye onto GG. 

Model Equation Parameters At 10 °C At 20 °C At 30 °C 

Langmuir  
   

      
      

 
qm, mg/g 

KL, l/mg 

R
2
 

0.857 

-0.018 

0.813 

1.554 

-0.023 

0.826 

2.616 

-0.029 

0.884 

Freundlich        
   

 Kf, mg/g 

n, g/l 

R
2
 

14.849 

-0.321 

0.925 

10.079 

-0.503 

0.903 

7.732 

-0.709 

0.917 

Temkin and Pyzhey 
   

  

   
   (     )    

  
   
⁄ , l/mg 

   , mg/g 

R
2
 

14.962 

102.713 

0.995 

13.332 

105.603 

0.988 

12.330 

108.630 

0.980 

Ridlich-Peterson 
   

     

       
   

 
   , mg/g 

   ,l/mg 

   , 

R
2
 

22.040 

0.991 

0.567 

0.891 

12.553 

1.133 

1.041 

0.789 

30.339 

1.008 

0.889 

0.782 

 

Table 4. Uptake of organic materials by different biomasses. 

Material Biomass qe (mg/g) Reference 

Crystal Violet dye Acacia nilotica leaves 33 Prasad and Santhi, 2012 

Rhodamine B dye Acacia nilotica leaves 37 Prasad and Santhi, 2012 

Malachite green dye Hen feather 26 Mittal, 2006 

Malachite Green Dye Sugarcane baggase 22 Sharma and Nandil, 2013 

Reactive orange dye Garden grass 12.7 This study 

 

Table 5. Thermodynamic constants of biosorption of RO dye onto GG. 

Temperature (K) ∆G° (kJ/mol) ∆H°(kJ/mol) ∆S° (J/mol.K) R
2
 

293 1.282 -43.521 -0.152 0.912 
298 3.188 
303 3.241 
308 3.400 
313 4.710 
318 6.090 
323 6.103 

 


