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Abstract 

Dyes are present in mixture form in various industrial effluents like textile industries, 

sewage water and water treatment plants. The objective of this work is the study of removal 

of methylene blue (MB)dye from its solution using modified rice straw (MRS) and 

comparing some results with the results of using rice straw as raw rice straw(RRS), acid 

treated rice straw(ATRS), base treated rice straw(BTRS)and magnetite loaded rice 

straw(MLRS).Adsorption studies were carried out by varying the effect of pH(4-12), contact 

time(5-180 min), initial concentration(5 and 500 mg/L),adsorbent dose(0.05 to 0.5gm), 

degree of agitation(50-300 rpm), particle size(75-600 µm) and temperature(25-70 oC),on the 

adsorbed amount of MB. The optimum time for removal of MB was found to be 30 min 

while varying the pH value has a slight effect on the treatment process. For the other 

conditions, it was found that the rice straw has a super effect on the removal of MB dye with 

all the trials for all conditions however the rice straw adsorbent was in the above mentioned 

states. The adsorbents were characterized using Fourier Transform Infrared 

Spectroscopy(FTIR),and X-ray diffraction analysis. The applicability of Langmuir, 

Freundlich, Temkin and D-R adsorption isotherm equations for the present system was also 

tested. The experimental data were best fitted to Langmuir isotherm. Kinetic studies were 

analyzed using the pseudo-first-order, pseudo-second-order, elovich and the intraparticle 

diffusion models and were found to follow closely the pseudo-second-order model. The 

thermodynamic analysis showed that the adsorption was chemical, spontaneous and 

exothermic. 
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1. Introduction 

Wastewater is domestic, municipal, or industrial liquid waste products. Depending on 

their origin, wastewaters can be classed as sanitary, commercial, industrial, or surface 
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runoff[1].The industrial waste waters are produced by some processes and include the 

undesired liquid product of any unit operation. The major concern with this waste water is the 

reactions that may occur with the surrounding environment directly or indirectly. Some may 

take oxygen from the environment and others might be toxic. The industrial waste waters are 

chemically divided into two branches, organic and inorganic. One of the most harmful 

organic industrial pollutants is synthetic dyes. Dyes is used in dyeing paper and pulp, leather, 

textiles, cosmetics, plastics and food industries[2].There are more than 100,000 commercial 

dyes with over 7 x 105 tons of dye stuff produced annually. Approximately 2 % of these dyes 

produced annually is discharged in effluents from many industries[3].Synthetic dyes is one of 

the reasons of water pollution. About 20 % of world dye production is lost during dyeing 

processes and released into oceans and seas which absolutely affects the aquatic 

environment[4,5,6].Dyes can be classified as anionic, cationic and aromatic organic 

compounds. Some of these dyes and their break down products may be toxic, mutagenic and 

carcinogenic for living organisms. MB dye is commonly used material for dying cotton, 

wood and silk with molecular weight 373.9 corresponds to MB hydrochlorine with three 

groups of water[7]. The structure of the MB is given in Fig. 1. 

 

Fig.1. Methylene blue molecule. 

Although MB is not so harmful compared to other toxic dyes, acute exposure to MB 

can cause increasing heart rate, diarrhea, nausea, vomiting and shock. It can cause eye burns 

which may lead to great permanent injury to the eyes of human beings. On inhalation, it can 

give rise to short periods of rapid or difficult breathing, while ingestion through mouth may 

causeva burning sensation. Long exposure to MB may lead to hypertension, headache, fever, 

pre-cordial pain, dizziness, fecal discoloration, methemoglobinemia, profuse sweating, 

mental confusion and hemolytic anemia[8].Therefore, it is important to treat these pollutants 

from waste water effluents before their final disposal[9]. 

During the past three decades, many physical techniques like, flocculation, froth 

flotation, etc., and chemical and decolorization methods such as electrochemical, biochemical 

or photochemical have been reported. Adsorption technique is one of the most widely used 

techniques to remove these types of pollutants in wastewater treatment processes[10]. 
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A lot of low-cost adsorbents based on natural materials or agro-industrial wastes such 

as rice husk, wheat shell, banana peel, yellow passion fruit waste, pineapple leaves, pineapple 

stem, tamarind fruit shell, peanut hull, garlic peel, orange peel, rejected tea, Luffa cylindrical 

fibers, neem leaf powder etc. have been investigated intensively by many researchers over the 

world for the removal of MB from their aqueous solutions[8].The by-products from the 

agricultural industries is considered as low-cost adsorbents since they are abundant in nature, 

inexpensive, require little processing and are effective materials as well[10].In Egypt there 

are extensive plantations of rice. About4.8 million tons of rice are produced annually in the 

country[11]. The rice straw, an agriculture waste, represents 45 % of the volume of the 

production of rice[12].Many of the farmers get rid of rice straw by burning  resulting in air 

pollution. Rice straw is a lingo cellulosic agricultural stalk containing cellulose (37.4%), 

hemi-cellulose (44.9%), lignin (4.9%) and silica ash (13.1%)[13]. 

In this study MB is removed from its aqueous solution directly on the surface of MRS 

via adsorption. The effect of pH, contact time, adsorbent dose, initial concentration, degree of 

agitation, particle size, RS type and temperature were discussed. The results of some trials of 

the treatment were compared with treatment using RRS, ATRS, BTRS and MLRS. The 

adsorption isotherms, kinetics models and thermodynamic equilibrium equations were 

investigated. In addition the adsorbents were characterized using Fourier Transform Infrared 

Spectroscopy (FTIR), and X-ray diffraction analysis. 

 

2. Materials & Methods 

2.1. Preparation of adsorbents 

2.1.1. RRS: The natural rice straw was washed several times with distilled water and 

allowed to dry at 70◦C for 10 h. After that, the rice straw(RS) was ground and 

sieved to obtain a fraction of particles size about 150 µm. 

2.1.2. ATRS: 10 g of the RRS was mixed with 100 mL of HNO3 solution 1 (mol L-1) 

and left agitating at 100 rpm for 1 h at the room temperature. The material was 

filtered, washed with distilled water and dried at 70 ◦C for 6 h. The final product 

obtained in this process will now be called acid treated rice straw, ATRS. 

2.1.3. BTRS: The same previous steps were followed but by treating with NaOH 

solution 0.75 mol L-1 instead of the acid. The final product is called base treated 

rice straw, BTRS. 
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2.1.4. MRS: 10 g of this RS was mixed with 100mL of HNO3 solution1 (mol L-1) 

and left agitating at 100 rpm for 1 h at the room temperature. The material was 

filtered and washed with distilled water until the removal of the excess of acid in 

it. After that, the material was dispersed in 100mL of a NaOH solution 0.75 

(molL-1)and was left under agitation at the same previous conditions. The rice 

strawagainwas filtered and washed exhaustingly with distilled water. The 

material was allowed to dry at 70 ◦C for 6 h. The final product obtained in this 

process will now be called modified rice straw, MRS[12]. 

2.1.5. Magnetite loaded rice straw(MLRS): FeCl3(21 g) and FeCl2 (8.1 g) were 

dissolved in 200 mL double distilled water(DDW)with vigorous stirring at 85 
oC. Then, 15 g of RRS of particle size 75 µm was added and the mixture was 

stirred for 30 min. Then 60 mL of30% NH3 solution was added drop wise to the 

solution. The solution color changed immediately from orange to black. The 

mixturewas stirred at 85 oCfor 2 h. The MLRS was washed several times with 

DDW and twice with 0.02MNaCl. The washed MLRS was dried at temperature 

50 oC for 10 h.MLRSadsorbent was examined with magnet as shown in Fig. 2. It 

is clearly observed that all the MLRS are attracted to the magnet, because of the 

magnetic behavior of the magnetite particles[14,15]. 

 

 

Fig.2.MLRS totally attracted to a magnet. 

2.2. Adsorbate 

The basic dye, MB (CI 52015, chemical formula= C16H18CIN3S.2H2), MW=319 

g/mol, nature= basic blue, λmax=660 nm) was obtained from Merck and Sigma Aldrich 

companies. The stock solution was prepared by dissolving accurately weighted dye in double 
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distilled water to the concentration of 1000mg/L. Aqueous solutions of the dye within the 

concentration range (0.1- 30)mg/L were used for calibration[7,16,17,18]. 

 

2.3. Chemicals 

The chemicals used were HNO3,NaOH, NH3, NaCl, FeCl3 and FeCl2. 

 

3. Results & discussion 

3.1. Characterization of the adsorbents: 

 The rice straw is constituted basically by cellulose, hemicellulose, lignin, extractives, 

water and mineral ash which is in large amount SiO2.The functional groups presented in these 

samples were characterized qualitatively by a Fourier transform infrared spectroscopy (FTIR-

6100 JASCO) in the range 4000–400 cm−1.Fig. 3(a) and (b) illustrates characteristics 

absorption bands for the modified material, the peaks at 3424 cm−1 and 1640 cm−1assigned to 

stretch O–H groups on the surface, the peak in the 2915 cm−1and its shoulder at 2848 cm−1 

are ascribed to C-H stretch bond and the peak in 1420 cm−1is ascribed to C–C  

bond[16].After MB removal, and due to the interaction of MB molecules and –OH groups on 

MRS surface some peaks have been changed and others have been created as follow: the 

peak at 1450 cm−1assigned to CH stretch bond, the peak in the 1115 cm−1 is ascribed to C-N 

stretch bond and the peak 620 cm−1 which indicates the presence of alkyl halide. This reflects 

the absorption of the MB[16]. 
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Fig.3. FTIR spectrum of MRS  (a) before removal and (b) after removal of MB. 

 

 

Fig.4. X-ray diffraction patterns for MRS (a) before removal and (b) after removal of MB. 

Fig.4represents X-ray diffraction patterns of 2 samples, MRS before and after 

removal of MB. It is clear that, the sample as received in Fig. 2 contains SiO2. This can be 

observed in the different peaks related to the silica. In addition it shows that some of the 

present silica is amorphous[19].  

 

3.2. Effect of pH 

The pH of aqueous solutions is a key factor on adsorption process which is function 

of hydrogen and hydroxyl ions concentrations. The pH value of aqueous solution may affect 

the surface charge of adsorbent and the functional groups of adsorbates. The effects of 

solution pH on MB removal were investigated and the results were illustrated in Fig. 5. The 

adsorption behavior of MRS was studied at varying pH range of 4-12[7], 40 mg/L initial MB 

dye concentration with adsorbent concentration (0.1g/20ml), 100 rpm degree of agitation,  

150 μm particle size at room temperature (25 oC) for 120 minutes. The pH of the dye solution 

was adjusted with dilute HCl or NaOH solution by using a pH meter (Jenway 3510). The 

results show that changing the initial pH value for the solution has almost no effect on the 
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adsorbed percent of MB onto MRS which values were always above 99 % for all the trials as 

shown[17,20,21]. 

 

 

Fig.5. Effect of initial pH values on the adsorption of MB onto MRS (20 ml solution, 

time = 2 h, initial dye concentration = 40 ppm, adsorbent dose = 0.1g, degree of agitation = 

100 rpm, particle size = 150 µm, temperature = 25 oC). 

3.3. Effect of contact time 

The effect of contact time on the adsorption of dyes was studied to determine the time 

taken by MRS to reach equilibrium at the previous conditions. The dye concentration is to be 

measured after 5, 10, 15, 30, 60, 45, 90,120, 150, 180 min. The same procedure was repeated 

with MRS but for initial concentrations 30 & 50 ppm and for maximum time interval 60 min 

and was also repeated with RRS and MLRS at initial concentration 40 ppm at the same 

maximum time interval 60 min. A graph is to be plotted between time and dye removal%. It 

was observed that almost all the dye became adsorbed after 30 min and this time is enough to 

reach equilibrium conditions even by changing the initial concentration of the dye or the 

adsorbent type; the removal percentage value for all the trials were above 99 % for most of 

the trials as shown in figures (6)a and (6)b[16,21]. Therefore agitation time of 30 min was 

selected for further works. 

 

 

Fig.6a. Effect of contact time on the adsorption of MB onto MRS (20 ml solution, adsorbent 

dose = 0.1g, degree of agitation = 100 rpm, particle size = 150 µm, temperature = 25 oC). 
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Fig.6b. Effect of contact time on the adsorption of MB onto RRS, MRS and MLRS (20 ml 

solution, initial dye concentration = 40 ppm, adsorbent dose = 0.1g, degree of agitation = 100 

rpm, particle size = 150 µm, temperature = 25 oC). 

 

3.4. Effect of degree of agitation 

The percent removal was calculated at time 30 min and the other previous conditions 

with degree of agitations 50, 100, 150,200,250 and 300 rpm. A plot of degree of agitations vs. 

dye removal% was obtained. It was observed that varying the degree of agitations has a slight 

effect on the adsorbed percent of MB onto MRS which values were always above 99 % for 

all the trials as shown in Fig.7. 

 

Fig.7. Effect of degree of agitation on the adsorption of MB onto MRS (20 ml solution, time 

= 30 min, initial dye concentration = 40 ppm, adsorbent dose = 0.1g, particle size = 150 µm, 

temperature = 25 oC). 

3.5. Effect of adsorbent dose 

The effect of adsorbent dosage of both MRS and RRS was studied by varying the 

adsorbent dosage (0.05-0.5 g) in 20 ml solution, where other variables remain constant. 
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Usually the percentage of dye removal increases with increasing adsorbent dosage, where the 

number of sorption sites at the adsorbent surface will increase by increasing the dose of the 

adsorbent[22].In the current case, the effect of adsorbent dosage of the two adsorbents has 

minor effect on the adsorbed percent of MB which value remains also above 99 % for all the 

trials as shown in Fig.8[23]. This indicates that the MRS has a super effect on the removal of 

MB dye whatever the amount of adsorbent dose used[17]. 

 

Fig.8. Effect of adsorbent dose on the adsorption of MB onto MRS and RRS (20 ml 

solution, time = 30 min, initial dye concentration = 40 ppm, degree of agitation = 100 rpm, 

particle size = 150 µm, temperature = 25 oC). 

 

3.6. Effect of particle size  

The effect of particle was studied using different adsorbent particle sizes (75, 150, 

300 and 600 µm)at concentration 40 ppm, adsorbent concentration (0.1gMRS/20ml), 100 

rpm degree of agitation,  particle size (150 μm), 30 min at 25oC. The results in Fig.9refer to a 

reduction in adsorption of the dye associated with increasing in the particle size. This is due 

to larger surface area that is associated with smaller size. For larger particles, the mass 

transfer resistance is higher and most of the internal surface of the adsorbent particles may 

not be utilized and consequently, the adsorbed amount of dye is small[10]. 
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Fig.9. Effect of particle size on the adsorption of MB onto MRS (20 ml solution, time 

= 30 min, initial dye concentration = 40 ppm, adsorbent dose = 0.1g, degree of agitation = 

100 rpm, temperature = 25 oC). 

 

3.7. Effect of initial dye concentration 

The effect of MB initial concentration on dye removal was carried out at 

concentrations (5,10, 20, 30,40, 50, 100, 200, 300, 400 and 500 ppm) using adsorbents RRS, 

MRS, ATRS and BTRS at fixed adsorbent dosage, 0.1g/20mL, 150 μm particle size,  temp. 

25 oC and 100rpm degree of agitation for 30 min. The effect of the initial dye concentration 

factor mainly depends on the relation between the concentration of the dye and the available 

binding sites on an adsorbent surface. Generally the dye removal percentage decreases with 

an increase in the initial dye concentration. This may be due to the saturation of adsorption 

sites on the adsorbent surface. At a low initial concentration there will be unoccupied active 

sites on the surface of the adsorbent, but when the initial dye concentration increases, the 

active sites needed for dye adsorption will lack[22]. 

Therefore, increasing MB initial concentration has a very small effect on the adsorbed 

percent of the dye onto different types of RS in the concentration ranges from (5-50 ppm) 

while it can appears clearly in the ranges(100-500 ppm), these results are shown in Fig. 10. It 

is observed that the ATRS and MRS adsorbents have a super effect on the dye removal with 

initial concentrations(0-300) ppm while at higher initial concentrations the amount of dye 

removed decreased due to desorption. Similarly the uptake of the dye on RRS adsorbent is 

very high with initial concentrations (0-200)ppm while it decreases at higher concentrations. 

While   in case of BTRS the decrease in the dye uptake starts from 100 ppm initial 
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concentration. The figure also proved that the ATRS and MRS adsorbents are the best for 

MB removal specially at high concentrations[17]. 

 

Fig.10. Effect of initial dye concentration on the adsorption of MB onto different RS types 

(20 ml solution, time = 30 min, adsorbent dose = 0.1g, degree of agitation = 100 rpm, particle 

size = 150 µm, temperature = 25 oC). 

3.8. Effect of temperature 

Temperature is an indicator for the adsorption nature whether it is an endothermic or 

exothermic process. If the adsorption capacity increases by increasing the temperature then 

the adsorption process is an endothermic. This may be due to the increase in the mobility of 

the dye molecules as well as the number of active sites. This effect differs from dye class to 

another according to the movement of dye molecules of each one. Decreasing the adsorption 

capacity with increasing temperature indicates that the adsorption process is an exothermic. 

Increasing temperature may result in decreasing the adsorptive forces between the dye 

species and the active sites on the surface of the adsorbent as a result of decreasing adsorption 

capacity[22].The adsorption behavior of MRS was studied at temperatures 25, 40, 55 and 

70°C, 40 mg/L initial MB dye concentration with adsorbent concentration (0.1gMRS/20ml), 

100 rpm degree of agitation,  150 μm particle size at room temperature (25 oC) for 30 minutes 

time[21].The results showed that different medium temperatures have a small influence on 

the removal of MB dye[21] which proves the great affinity of MB molecules to the adsorbent 

surface even by varying the temperatures starting from the room temperature. Fig.11 shows 

these results obviously. 
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Fig.11. Effect of temperature on the adsorption of MB onto MRS (20 ml solution, time = 30 

min, initial dye concentration = 40 ppm, adsorbent dose = 0.1g, degree of agitation = 100 

rpm, particle size = 150 µm). 

3.9. Adsorption thermodynamics 

Thermodynamic equilibrium equations were applied and the values of their 

corresponding constants were determined from the slope and intercepts of their respective 

plots. 

The change in standard free energy (ΔG), enthalpy (ΔH) , entropy (ΔS) of adsorption 

and the activation energy were calculated from the following equations[24]:  

 

 ΔG = ΔH - T ΔS 

ΔG = RTlnKc  

 

Kc = Ca/Ce 

where KC is the distribution coefficient for adsorption, Ca is the equilibrium dye 

concentration on the adsorbent (mg L−1) and Ce is the equilibrium dye concentration in 

solution (mg L−1). 

 ΔH and ΔS of adsorption can be estimated from Van’t Hoff equation[25] given in the 

following equation: 

 

LnKc = ΔS/R  - ΔH/RT  

The slope and intercept of the Van’t Hoff equation plot is equal to (- ΔH/R) and (ΔS/R) 

respectively.  

 The activation energy Ea for MB adsorption onto MRS was calculated by the 

Arrhenius equation[8]: 
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Ln K = ln A - Ea/RT 

Where k is the rate constant, A is the Arrhenius constant (frequency factor or pre-exponential 

factor), Ea is the activation energy (kJ mol−1), R is the gas constant (8.314 Jmol−1 K−1) and T 

is the temperature (K). Ea can be determined from the slope of a plot of ln k versus 

1/T[24].The thermodynamic parameters are listed in Table 1.  

 

Table 1  

Activation energy and thermodynamic parameters of adsorption of MB onto MRS 

Temp. ΔG ΔH ΔS Ea 

298 -13547.2 -9545.8 13.4 41.4 

313 -13748.6 

328 -13950.0 

343 -14151.4       

 

The negative value of ΔGat all temperatures indicates the feasibility of the process 

and the spontaneous nature of the dye adsorption on MRS. As shown in Table 1, ΔG became 

more negative as temperature increased at the same adsorbate loading, indicating that the 

driving force for the adsorption of the dye increased with increasing temperature[24].  

The negative value of ΔH indicates that the adsorption process is 

exothermic[24][8],while the positive value of ΔS suggests an increase in random nessat the 

solid-solution interface[26,27,28]and the high affinity of the MB towards the 

adsorbent[28,29]. 

The value of Ea gives information on the nature of the sorption process whether it is physical 

or chemical[24,8].As shown, the adsorption process of MB onto MRS is chemical 

adsorptions because Ea is more than 40 kJ mol-1[8]. 

3.10. Adsorption isotherms. 

The adsorption isotherm describes the interaction mechanism between adsorbate and 

adsorbent, and shows the adsorption capacity of adsorbent as well. The amount of dye 

adsorbed is calculated from the following equation[36]: 

 

Where, qeis the equilibrium adsorbent capacity (mg/g), Coand Ce are the initial and final dye 

concentration (mg/L) respectively, V is the volume of the dye solution and m is the mass of 

the adsorbent (g). 
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The equilibrium data were analyzed using Langmuir, Freundlich, Temkin and D-R isotherm 

models and the linear forms were expressed. The isotherms were obtained at an initial MB 

concentration range of (5–500 mg/L)[22,27,30]. 

(1) Langmuir Adsorption Isotherm: This can describe quantitatively the formation of a 

monolayer adsorbate on the surface of the adsorbent, and after that no further 

adsorption takes place. Thereby, the Langmuir represents the equilibrium distribution 

of the dye molecules between the solid and liquid phases. The Langmuir isotherm is 

valid for monolayer adsorption onto a surface containing a finite number of active 

sites. The Langmuir model assumes uniform energies of adsorption onto the adsorbent 

surface and no transmigration of adsorbate in the plane of the surface[31]. The  model 

is represented by the following[32]: 

 

 

Where Ce is the dye concentration at equilibrium (mg/L), qe is the adsorption capacity 

in equilibrium (mg/g)[27] and the constants and max relate to the energy of 

adsorption and maximum adsorption capacity respectively 

(2) Freundlich Adsorption Isotherm: This is used to describe the adsorption 

characteristics for the heterogeneous surface[31].The equation can be represented 

as[32,33]: 

lnqe=lnKf + lnCe 

The Freundlich isotherm is an empiricalmodel, where refers to the amount of dye 

adsorbed per amount of adsorbent at the equilibrium (mg/g), represents the 

equilibrium concentration (mg/L), and and are parameters that depend on the 

adsorbate and adsorbent[32]. 

(3) The Temkin Isotherm: This kind of isotherm contains a factor that takes into 

consideration the adsorbent–adsorbate interactions. By ignoring the extremely low and 

large value of concentrations, the model is assuming that heat of adsorption (function 

of temperature) of all molecules in the layer may decrease linearly rather than 

logarithmic with coverage. As proved in the equation, its derivation is characterized by 

a uniform distribution of binding energies (up to some maximum binding energy) was 

carried out by plotting the quantity adsorbed qeagainst lnCe[31].The following 

equation represent Temkin isotherm model[33]: 
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qe = BlnA + B lnCe 

Where A is Temkin isotherm equilibrium binding constant (L/g) and B is a constant 

related to heat of sorption(J/mol)[31]. 

(4) Dubinin–Radushkevich isotherm model: This isotherm can express the adsorption 

mechanism with a Gaussian energy distribution onto a heterogeneous surface[31]. The 

model is given by the following equation[25]: 

Ln qe = lnXm – K DR ε
2 

Where ε (kJ mol−1) is the Polanyi potential and it can be calculated by the followed 

equation:ε = RT ln(1 + 1/Ce)[25].  

The higher determination coefficients R2 of the Langmuir suggest that the Langmuir 

equation can be used to fit the experimental adsorption data and evaluate the maximum dye 

adsorption capacities for the three adsorbents RRS, ATRS and MRS. The results also indicate 

that the adsorption of MB by the three adsorbents takes place in a monolayer adsorption 

manner[25]. While Temkin isotherm is used for fitting the experimental adsorption of MB for 

BTRS adsorbent. This is clearly shown in Table 2 and Fig.12(b) and Fig.12(c). 

Table 2 

Adsorption isotherms R squared for adsorption of MB onto MRS 

Isotherms 
R squared …………   MB 

RRS ATRS BTRS MRS 

Freundlich 0.847 0.88 0.767 0.691 

Langmuir 0.955 0.883 0.976 0.959 

Temkin 0.953 0.862 0.971 0.949 

D-R 0.912 0.88 0.88 0.871 
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Fig.12. Isotherm plots for the adsorption of MB onto different RS types: (a)Adsorption 

isotherm model, (b) Langmuir model, (c)Temkinmodel. 

3.11 Kinetics studies 

The dynamics of the adsorption is studied by the kinetics of adsorption in terms of the 

order of the rate constant. The adsorption rate is an important factor for a better choice of 

adsorbent material type; where it is preferred that the adsorbent should have a large 

adsorption capacity and a fast adsorption rate. The initial adsorption stage is rapid for all 

adsorbents, which is due to the adsorption of the molecules on the external surface of the 

particles[20]. The pseudo-first and pseudo-second order rate models are the most famous 

models used to study the adsorption kinetics of dyes and quantify the extent of uptake in 

adsorption kinetics. A pseudo-first-order kinetic equation is given as [34]: 

ln (qe– qt) = lnqe − k1t 

 

The pseudo second-order [35]kinetic is given as: 

(t/qt) = (1/k2 qe
2) + (t/qe) 

Where k1 is the pseudo-first-order rate constant (1/min), k2 is the rate constant of adsorption 

(g/mg min), qt and qe are the amount of dye adsorbed at time t and at equilibrium (mg/g), 

respectively[34,35]. 

In the present work, adsorption rate has been analyzed by using four different kinetic models: 

the pseudo-first-order, pseudo-second order equations, elovich and the intra particle 

diffusion. All the experimental data showed better fitting with pseudo second-order kinetic 

model which appeared in the high regression coefficient(R2) values for the entire 

concentration range. This is clearly shown in Fig.13 and Table 3 
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In that case, the Pseudo-second-order equation used was based on the sorption capacity of the 

solid phase, where the Pseudo-second-order model assumes that chemical adsorption may be 

the rate-controlling step in the adsorption processes[14,22]. 

 

Fig.13. Pseudo-second order kinetic model for MB dye (a)Co = (30,40,50)ppm with MRS 

adsorbent (b)Co = 40 ppm with RRS, MRS and MLRS adsorbents. 

 

Table 3 

Kinetic models for adsorption of MB onto MRS 

Kinetics 

models 

R squared …………….  MB 

MRS  

(30ppm) 

MRS  

(40ppm) 

MRS      

(50ppm) 

RRS  

(40ppm) 
MLRS  (40ppm) 

Pseudo-

second-order 
1 1 1 1 1 

 

4. Conclusion 

The previous work proved that the rice straw is an excellent, low cost adsorbent for 

removing MB dye in the raw state and in the different modification states as well. The effect 

of pH, contact time, initial concentration of MB dye, adsorbent dose, degree of agitation, 

particle size and temperature, on the adsorbed amount of methylene blue were investigated. 

The experimental work proved that pH effect has a very slight effect on the uptake of MB 

dye. It also proved that the equilibrium concentration comes at 30 min. Regarding the other 

effects, the rice straw proved a great adsorbent for MB in most of the trials even when using 

different forms of rice straw (RRS, ATRS, BTRS, MRS and MLRS). The equilibrium, 

kinetics and thermodynamics of MB adsorption were investigated. The experimental results 
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were best fitted to Langmuir isotherm model withR2equals 0.955, 0.883, 0.976 and 0.959 for 

RRS, ATRS, BTRS and MRS respectively. The kinetics of adsorption of MB has been 

correlated to pseudo-second order coefficient (R2=1). The calculated values of different 

thermodynamic parameters (negatives values of ΔG,Ea=41.4 and ΔH= -9545.8) clearly 

indicate that the ongoing adsorption process is spontaneous, chemical and exothermic in 

nature. These results reveal that RS could be useful as agents to efficiently remove dyes from 

contaminated water and can be very well recommended for wastewater treatments and 

control of environmental pollution[14]. 
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