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Abstract 

In this research, low cost activated carbon simply was prepared from a local , plenty Rosa canina tree (AC-RC) in 

sou´wester of Iran. The potential applicability of AC-RC as useful adsorbent for the removal of Malachite 

Green(MG) and Methylene Blue(MB) from aqueous solutions. The AC-RC with low cost and toxicity with nano 

size pore diameter as a good adsorbent for removal dyes MG and MB from aqueous media. The effects of different 

parameters of pH , contact time, agitation time, initial dye concentration and amount of adsorbent AC-RC on 

removal MG and MB were evaluated. Increase in pH up to 8 for AC-RC , increase the adsorption capacity and 

reach equilibrium within 40min of contact time for (MB) dye and 45min for(MG) dye. Experimental data was 

analyzed by four kinetic models including pseudo first ,second-order, Elovich and the intraparticle diffusion 

equations. The result shows that adsorption of MG and MB onto AC-RC at all conditions such as versatile 

adsorbent dosages combination of the pseudo second-order equation.experimental data study for isotherm 

models like Langmuir, Freundlich, Tempkin and Dubinin-Radushkevich and  show results , removal MG  and MB 

dyes  by AC-RC conformed from Freundlich isotherm. The adsorption capacity of AC-RC from removal of MG and 

MB was found to be 30.3 and 27.02mg/g. these results show that adsorbent AC-RC as a low cost adsorbent and 

high strength for removal Dyes from aqueous media. 
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Introduction 

The pollution of drinking water is a great problem due 

to entrance of hazardous materials include heavy 

metals, dyes by textile and printing industries. Many 

industries such as textile, plastic, leather, cosmetics, 

paper and printing may product dyes that can pollute 

water media and this process leading to environment 

dameges. Dyes has complexy structure that enter in 

the sewage in different process of loom industry and 

leading to water pullotion, that we shoud removed 

this dyes from environment (Pavan et al., 2008, Wu 

et al., 2006, Reza et al., 2010). Between dyes,  

Methylene blue (MB) is the most commonly used 

substance for dying cotton, wood and slik. It can 

cause eye burns which may be responsible for 

permanent injury to the eyes of human and animals 

(Han et al., 2006). Malachite Green(MG) , abasic dye 

has been widely used for dyeing of leather, silk, wood 

,cotton,paper and also in distilleries (Zhang et al., 

2008, Mittal, 2006, Culpse et al., 1999). MG dye 

consist of toxic properties which are known to cause 

carcinogenesis, mutagenesis, teratogenesis and 

respiratory toxicity (Singh et al., 1994, Gupta et al., 

2004, Beridou et al., 2007). Different methods is for 

removal pollution as dyes, between this methods, 

adsorption processes for the reason that low cost, 

easy design, ease exploit and hyposensitivity to toxic 

materials, today is a suitable technique for removal 

dyes pollution and advance quality of surplusewater 

(Gregorio, 2006, Sudipta et al., 2010). Activated 

carbon is known as a common and useful adsorbent, 

but its joineric form by high cost for production and 

reduction cannot be use as a desired selection. 

Production of activated carbon from different organic 

materials is evaluated in several studies that we can 

point to production activated carbon from slime and 

plants. Activated carbons has great potential for dyes 

removal due to properties such as large surface area, 

microporous structure and cost benefit . The 

commercial activated carbon are expensive which 

promotes the search for cheap materials mainly 

derived from biological origin (Ghaedi et al., 2012, 

Ghaedi et al., 2011, Ghaedi et al., 2012, Yang et al., 

2008). In this work, for production of activated 

carbon we use Rosa canina stalks as a organic 

adsorbent for removal some dyes. This study was 

performed for evaluation of activated carbon rosa 

cannina (AC-RC) as natural adsorbent in efficiency 

for  removal dyes MB and MG. Characterization of 

prepared AC-RC was done by measuring scanning 

electron microscopy( SEM ) and FT- IR analysis.the 

effect of pH, amount of adsorbent, agitation time 

,contact time and initial concentration dyes on 

removal MB and MG was examined and comparison. 

Different conventional kinetic models and isotherm 

models were used and show suitability of new design 

adsorb for removal MG and MB.  

 

Materials 

All chemicals including Hcl, NaOH, HNO3, MB and 

MG with the highest purity available are purchased 

from merck (Darmstadt, Germany). The pH 

measurements were carried out using pH/Ion meter 

model -691 (Metrohm, Switzerland, Swiss) and the 

absorbance measurement were undertaken using 

Jusco UV-Vis spectrophotometer model V-530 ( 

Jasco, Japan) at 663nm for MB for MG.  Fourier 

transform infrared (FT-IR) analysis for 

characterization of (AC-IR) was performed using a 

KBr disk ( shimadzu FT-IR  8300 spectrophotometer, 

shimadzu co.,Tokyo,Japan).The morphology of the 

AC-RC was observed by scanning electron microscopy 

(SEM: Hitachi S-4160) under an acceleration voltage 

of 15kv. For prepared AC-RC used of oven (Carbolite-

YA505,England).The amount of dyes adsorbed  per 

unit weight of adsorbent at time t, qt (mg.g-1) and 

percentage dyes removal efficiency, R was calculated 

as follows: 

Qt=(C0-Ct)V/M                                         (1) 

R=((C0-Ct)/C0)*100                                (2) 

 

Where C0 is the initial MB and MG concentration 

(mg.L-1), Ct is concentration of MB and MG at any 

time t, V is the volume of solution (L) and M is the 

mass of adsorbent (g) (AC-RC). 
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Methods 

Methylene Blue with commercial purity(C.I 22120) 

FW=799.814 gmol-1,with chemical formula 

C27H33N2.HO4S have maximum wavelength of 663nm 

;(shanghai chemical reagent Ltd). (e.g.Fig.1)and 

Malachite Green, FW=364.911g.mol-1,maximum 

wavelength of 617nm, molecular formula 

C23H25N2(choloride) was obtained from merck 

chemicals and used without futher purification( 

e.g.Fig.2) was used throughout experiments batch 

experiments were carried out using (500ml) capacity 

glass beaker. Stock solution of MB and MG 

(1000mg/L) was prepared by dissolving an accurately 

weighed quantity (0.5g) of solid dye in 1L of de-

ionized water.while the experimental solutions ( in 

the range of 5-100 mg/L) were obtained by successive 

dilution of the stock solutions.the effect of solution 

pH on removal Dyes was studied in pH from 1 to 8( 

adjusted via 0.1 M Hcl and 0.1M NaoH). Effect 

agitation time in Rang  5min to 50 min was surveid 

for both dye. Experimental data optimum show 

amount of adsorbent for removal MB dye and MG 

was 0.3g ( varying from 0.1 to 0.4 g/50ml). solutions 

both dyes in concentrations 5 to 40 mg/L prepareded 

from stocks solution and their removal was study by 

adsorbent of AC-RC. Results show pH=8 was the 

optimum percentage removal MB and MG. in the all 

experimental of removal MG and MB by AC-RC was 

used stirring speed of 450rpm and pH=8 and at room 

temperature(25±1oC). In order to study the 

adsorption isotherm, 0.1g to 0.4g/50ml  AC-RC of 

prepared adsorbent was kept in contact with different 

concentrations ( 5-40 mg/L) of dyes solution at pH=8 

while stirring the solution at 450 rpm for 40min for 

MB and 45min for MG (to get confirm that the 

equilibrium was reached) at temperature of 25±1oC. 

 

Fig. 1.Chemical structure of Methylene Blue. 

Preparation of AC from rosa canina  

The first was assembiage amount piece rosa canina, 

then was shard.the shells rosa canina were washed by 

de-ionized water and dried in the room temperature, 

then fix in a oven for 4h in temperature 350oc and 

heated for remove the water soluble phenolic and 

other organic compounds , After wards was grouded 

thereafter in a disk-mill and sieved (80-100 mesh) 

subsequently. For activation 50g of carbon was 

abtinad mixed by ratio 1:5 of 4MHcl and 4MHNO3 for 

8h at the room temperature(25±1oc), then was 

washed by de-ionized water (to reach pH=6.5) and 

dried( in oven 80oc) for application future. 

 

Results and discussion 

Characterization of adsorbent 

The morphology of the AC-RC was observed by 

scanning electron microscopy.The SEM micrograph 

of AC-RC in( e.g.Fig. 3) shows homogeneous  rodlike 

structure  and appearance of different pores in the 

AC-RC structure that make possible it as useful sites 

for adsorption process. 

 

The FT-IR spectra of AC-RC shows in(e.g.Fig.4). The 

FT-IR spectra displayed presence of some absorption 

peaks attributed to different vibration modes or 

different functional group including, carbonyl , 

hydroxyl group and carboxylic acid (Table 1) 

 

Table 1. FT-IR analysis of prepared Activated carbon 

from Rosa canina. 

Wave number(cm-1)          Type of vibration              
Group or bonding 
1150-1200  C-C                            out of plane bending 
                     C-H                                             Bending    
1300            C-O alcohol or acid (or phenol)      --  
1580            C-H                                                  Bending 
1700            O-H                                                  Bending 
2920            C-H aldehyde                                        -- 
2935            C-H aliphatic                                          -- 
2500-3800  O-H,C00H,SO3H                                 --         

 

 

Fig. 2.Chemical structure of Malachite Green. 
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Fig. 3.  SEM structure of AC-RC. 

 

Fig. 4.  FT-IR spectra of AC-RC. 

 

Effect of contact time on MB and MG removal 

The effect of contact time at room temperature on the 

MB and MG sorption at 10 mg/L  for MB and 15 mg/L 

for MG is depicted in(e.g. Fig 5,6). Equilibrium time 

is one of the important parameters to design a low 

cost wastewater treatment system. In this research , 

first by increase contact time, Recovery was increased 

in the 40 min for MB and 45 min for MG were high 

Recovery for removal for dyes , after fixed the 

proceeding.The initial fast rate of adsorption is 

attributed to MB and MG adsorption by the exterior 

surface until surface saturation of AC-RC and finally 

the MB and MG molecule exerted onto the internal 

pores of the AC-RC takes relatively long contact time ( 

Ghaedi et al., 2012). 

 

Effect of pH on removal MG and MB  

The pH of the system influence on the ability of 

adsorbent surface of dye molecule tendency and 

interaction for binding to adsorbent solid.The 

maximum removal percentage of MG and MB on 

adsorbent was abserved at pH=8 for MB and MG 

(e.g.Fig 7,8 ). At lower pH , the number of positively 

charged adsorbent surface sites increased an a strong 

repulsive force occur between MB and MG were 

protonated at positive charge density decrease at 

lower pH (Pan et al., 2009, Jabbar et al., 2014).   The 

positively charged surface AC-RC and MG and MB in 

the low pH increased and lead to decrease in removal 

percentage of MB and MG on AC-RC with increasing 

pH in addition the competition of H+ with the cationic 

dye molecules due to the presence of exess H+also 

decreased the adsorption (Apple et al., 2007). 

 

Fig. 5. Effect of contact time of removal MB. (0.1 to 

0.4gr/L adsorbent, concentration MB 10mg/L). 

 

Fig. 6. Effect of contact time of removal MG. (0.1 to 

0.4gr/L adsorbent, concentration MG 15mg/L). 

 

Fig. 7. Effect of pH on the removal MB 

(10mg/L,)onto AC-RC,  at room temperature(25±10c), 

agitation 450rpm for the maximum contact time to 

reach the equilibrium(40min). 
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Fig. 8. Effect of pH on the removal MG  (15mg/L,) 

onto AC-RC,  at room temperature(25±10c), agitation 

450 rpm for the maximum contact time to reach the 

equilibrium(45min). 

 

Effect of AC-RC amount on MB and MG removal 

The available surface are of adsorbent and its amount 

show its tendency and capacity for a given initial 

concentration of dyes solution.The effect of AC-RC 

amount in the range of 0.1-0.4g/50ml on the MB and 

MG capacity at 10mg/L MB and 15mg/L MG 

concentrations is presented in(e.g. Fig 9,10). The 

optimum value of adsorbent ( 0.3g/50ml AC-RC and 

10mg/L MB and 15mg/L MG ). The rate of adsorption 

becomes slow down. At higher amount of adsorbents , 

lower dye concentrations remain in solution with 

respect to large extent of available active surface area. 

 

Effect of initial dye concentration dye on adsorption 

of MB and MG 

The effect of MB and MG  concentration in the range 

of 5-40 mg/L on its adsorption by AC-RC was 

investigated and the percentage and amount of MB 

and MG removal at different initial concentration 

were depicted in(e.g.Fig 11,12). The results show 

amount of the dyes MB and MG increased with the 

removal percentage significantly decreased with 

futher increase in initial MB and MG concentrations 

that emergen from  occupation of the available sites 

and saturation on the AC-RC at higher MB and MG 

concentrations, due to increase in its molecule 

competition for the low vacant reactive sites the 

adsorption process will increasingly slow down and 

related to decrease in the mass gradient between the 

AC-RC and solutions. At lower MB and MG 

concentrations , solute to adsorbent vacant sites ratio 

is high and causes an increase in dye removal (Tuzen 

et al., 2007). 

 

Fig. 9. Effect of amount of Adsorbent in the 

range0.1-0.4g  on  different MB concentration (5-40 

mg/L),agitation speed 450 rpm, pH=8 and room 

temperature(25±1oc). 

 

Fig. 10. Effect of amount of Adsorbent in the range 

0.1-0.4g   on different MG concentration (5-40 

mg/L), agitation speed 450 rpm, pH=8 and room 

temperature(25±1oc). 

 

Fig. 11. Effect of initial MB concentration on the 

adsorption of MB. 
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Fig. 12. Effect of initial MG concentration on the 

adsorption of MG. 

 

Kinetic and isotherm study of MB and MG removal 

The behavior of the MB and MG adsorption was 

analyzed using the four kinetic models such as pseudo 

first and second order , Elovich and intraparticle 

diffusion  Dubinin, 1960) A linear form of the 

Lagergren first-order model expression is : 

Log ( qe-qt) = Log qe – (k1t/2.303)t             (3) 

 

Where qe and qt (mg.g-1) are the amount adsorbed MB 

and MG at equilibrium and time t (min) , k1( min-1) is 

the rate constant of Langergren first-order 

adsorption(min-1). The respective value of kinetic 

model is calculated for slop and intercept of obtained 

line and their value is show in Table ( 2-9 ). In pseudo 

second –order model the plot of t/qt versus for 

generally has linear relationship with high correlation 

coefficient and the k2 and equilibrium adsorption 

capacity ( qe) value , calculated acoording to the 

intercept and slope above time. The second-order 

kinetic model was evaluated from plot and their value 

is presented in Table ( 2-9 ).The adsorbate species are 

most probably transported from the bulk of the 

solution in to the solid phase with an intraparticle 

diffusion process. Which is often the rate- limiting 

step in many adsorption processes.The possibility of 

intraparticle diffusion is explored by using the 

intraparticle diffusion model (Alkan et al ., 2008). 

 

Qt =kidt1/2+c                                       (4) 

  

Where  c is the intercept and kid is the intraparticle 

diffusion rate constant the values of this paremeters 

are obtain in Table (2-9). 

 

Adsorption equilibrium study 

Adsorption equilibrium isotherm represents 

mathematical relation of amount of adsorbed target 

per gram of adsorbent (qe ( mg.g-1)) to the equilibrium 

solution concentration (ce (mg.L-1)) at fixed 

temperature (Dogan et al., 2006) . the different 

isotherms such as Langmuir , Freundlich, Tempkin 

and Dubinin-Radushkevich is applied in this research 

for analyzing experimental data for obtain some 

important information on the surface properties of 

the AC-RC .The linear from of Langmuir isotherm 

model may be  

 

(Ce/qe) = (1/kLQm)+ (Ce/Qm)                         (5) 

 

Where kL is the Langmuir adsorption constant (L.mg-

1) and Qm is the theoretical maximum adsorption 

capacity (mg/g). The linear from of Freundlich 

isotherm presented as follows: 

 

Log qe = Log kF + 1/nLogCe                           (6) 

Where kF ((mg/g)/(mg.L-1)1/n) and n is isotherm 

constants indicate the capacity and intensity of the 

adsorption , respectively. The 1/n factor also indicate 

heterogeneity factor. The well know form of Tempkin 

isotherm is given as : 

Qe=RT/bLn(kTCe)                                              (7) 

 

Eq.can be linearized as:   

Qe = BT Ln kT + BT Ln Ce                                (8) 

 

Where BT = RT / bT ,T is the absolute temperature in 

k,R is the universal gas constant , 8.314 J.mol-1. K-1 ,kT 

is the equilibrium binding constant (L/mg) and BT is 

related to the heat of adsorption and constants value 

of Tempkin isotherm is show in Table 10,11. The 

Dubinin-Radushkvich isotherm was also applied to 

estimate the porosity free energy and the 

characteristic of AC-RC (Dubinin, 1960, Dubinin et 

al., 1965) . 
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In this work, the value of 1/n is found to lie at 

different amount for AC-RC for removal MB and 

MG.Data of Table10, 11 obtained the applicability of 

Freundlich isotherm model for MB and MG with 

maximum correlation coefficients (R2>99%) from 

another models.  

 

 

 

Table  2. Kinetic parameters of MB adsorption onto AC-RC conditions: 0.1 g AC-RC over 5-40mg/L at optima 

conditions of other variables. 

 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

log( ) )t 

K1 0.094 0.074 0.069 0.062 0.057 0.034 

q 
e(calc) 

 

2.70 4.86 7.45 9.95 15.31 16.59 

R2 0.959 0.981 0.988 0.986 0.987 0.979 

Second order kinetic model: 

d qt/dt = k2 (qe – qt)2 

 

K2 0.042 0.0088 0.0045 0.0027 0.0009 0.0069 

 

2.92 7.09 10.86 15.15 28.57 33.33 

R2 0.974 0.985 0.991 0.990 0.990 0.994 

h 0.36 0.396 0.533 0.612 0.76 2.21 

Intraparticle diffusion 

q t= kid t 1/2 +C 

 

Kdiff 0.408 .812 1.246 1.653 2.433 2.530 

C 0.093 0.036 0.253 0.578 1.227 0.435 

R2 0.972 0.976 0.977 0.974 0.976 0.973 

Elovich 

ln(t) 

β 1.715 0.863 0.565 0.430 0.296 0.276 

α 2.328 4.281 6.321 6.971 6.209 6.106 

R2 0.915 0.916 0.908 0.890 0.866 0.844 

Experimental date ) 4.954 9.824 14.811 19.761 29.72 36.675 

 

Table 3. Kinetic parameters of MB adsorption onto AC-RC conditions: 0.2 g AC-RC over 5-40mg/L at optima 

conditions of other variables. 

 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

K1 0.099 0.078 0.069 0.064 0.062 0.051 

q 
e(calc) 

 

1.19 2.21 7.45 4.51 6.95 6.62 
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log( ) )t R2 0.962 0.967 0.987 0.987 0.990 0.990 

Second order kinetic model: 

d qt/dt = k2 (qe – qt)2 

 

K2 0.116 0.028 0.0045 0.0095 0.0054 0.019 

q 
e(calc) 1.39 3/14 10/87 6/66 10/31 10 

R2 0.975 0.99 0.990 0.986 0.992 0.999 

h 0.225 0.276 0.533 0.423 0.58 1.94 

Intraparticle diffusion 

q t= kid t 1/2 +C 

 

Kdiff 0.178 0.369 1.246 0.763 1.142 1.262 

C 0.212 0.272 0.253 0.188 0.139 1.903 

R2 0.970 0.970 0.973 0.974 0.977 0.975 

Elovich 

ln(t) 

β 3.94 1.89 0.966 0.92 0.622 0.527 

α 5.612 8.48 7.649 7.491 7.301 6.921 

R2 0.914 0.913 0.916 0.905 0.895 0.882 

Experimental date ) 2.4845 4.947 7.411 9.8995 14.893 19.855 

 

Table  4. Kinetic parameters of MB adsorption onto AC-RC conditions: 0.3 g AC-RC over 5-40mg/L at optima 

conditions of other variables. 

 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

log( ) )t 

K1 0.113 0.089 0.088 0.067 0.062 0.057 

q 
e(calc) 

 

1.27 1.43 2.18 2.85 4.29 3.74 

R2 0.971 0.964 0.974 0.992 0.993 0.99 

Second order kinetic model: 

d qt/dt = k2 (qe – qt)2 

 

K2 0.188 0.051 0.0318 0.018 0.011 0.0077 

q 
e(calc) 0.94 2.05 3.012 4.22 6.37 8.55 

R2 0.978 0.99 0.990 0.997 0.996 0.993 

h 0.166 0.217 0.288 0.321 0.45 0.563 

Intraparticle diffusion 

q t= kid t 1/2 +C 

 

Kdiff 0.112 0.234 0.362 0.472 0.707 0.949 

C 0.190 0.293 0.317 0.371 0.441 0.419 

R2 0.962 0.964 0.973 0.981 0.985 0.982 

Elovich 

ln(t) 

β 6.21 3.003 1.931 1.49 0.99 0.748 

α 3421 1447 681 597 502 439 

R2 0.908 0.902 0.916 0.915 0.911 0.899 

Experimental date ) 1.2462 3.3093 4.958 6.6146 9.932 13.940 
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Table 5. Kinetic parameters of MB adsorption onto AC-RC conditions: 0.4 g AC-RC over 5-40mg/L at optima 

conditions of other variable. 

 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

log( ) )t 

K1 0.115 0.089 0.081 0.069 0.059 0.058 

q 
e(calc) 

 

2.118 1.18 1.303 1.73 2.63 3.74 

R2 0.968 0.984 0.973 0.991 0.992 0.995 

Second order kinetic model: 

d qt/dt = k2 (qe – qt)2 

 

K2 0.423 0.136 0.11 0.054 0.032 0.0197 

q 
e(calc) .6680 1.39 2 2.79 4.15 5.618 

R2 .9920 0.997 0.987 0.993 0.997 0.996 

h .1910 0.263 0.439 0.42 0.548 0.627 

Intraparticle diffusion: 

q t= kid t 1/2 +C 

 

Kdiff 0.070 0.145 0.229 0.318 0.478 0.654 

C 0.231 0.413 0.526 0.588 0.751 0.785 

R2 0.961 0.964 0.96 0.965 0.968 0.978 

Elovich: 

ln(t) 

β 9.708 4.716 3.003 2.146 1.43 1.057 

α 2*105 1.01*105 881.09 732.14 462.74 441.63 

R2 0.958 0.955 0.932 0.957 0.948 0.943 

Experimental date ) 1.2462 2.4875 3.7247 4.9642 7.450 9.9405 

 

Table  6. Kinetic parameters of MG adsorption onto AC-RC conditions: 0.1 g AC-RC over 5-40mg/L at optima 

conditions of other variables. 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

log( ) )t 

K1 0.076 0.035 0.037 0.037 0.038 0.034 

q 
e(calc) 1.603 2.673 4.742 7.014 11.94 16.59 

R2 0.975 0.785 0.86 0.933 0.963 0.979 

Second order kinetic model: 

d qt/dt = k2 (qe – qt)2 

 

K2 0.088 0.078 0.032 0.018 0.0089 0.0069 

q 
e(calc) 2.66 4.38 6.76 9.09 14.08 33.33 

R2 0.994 0.998 0.991 0.989 0.971 0.962 

h 0.62 1.457 1.462 1.57 1.572 2.21 

Intraparticle diffusion 

q t= kid t 1/2 +C 

 

Kdiff 0.323 0.516 0.854 1.18 1.892 2.530 

C 0.649 1.399 1.452 1.376 0.764 0.435 

R2 0.931 0.851 0.92 0.969 0.976 0.983 
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Elovich 

ln(t) 

β 2.066 1.238 0.78 0.574 0.37 0.276 

α 1.972 4.37 4.212 4.217 4.19 4.86 

R2 0.962 0.963 0.956 0.966 0.936 0.927 

Experimental date ) 4.99 9.997 14.60 19.997 29.997 39.997 

 

Table  7. Kinetic parameters of MG adsorption onto AC-RC conditions: 0.2 g AC-RC over 5-40mg/L at optima 

conditions of other variables. 

 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

log( ) )t 

K1 0.078 0.078 0.062 0.06 0.053 0.051 

q 
e(calc) 1.718 1.903 2.14 3.03 4.71 6.62 

R2 0.981 0.98 0.971 0.983 0.981 0.954 

Second order kinetic model: 

d qt/dt = k2 (qe – qt)2 

 

K2 0.352 0.145 0.079 0.052 0.031 0.019 

q 
e(calc) 1.271 2.56 3.76 5 7.46 10 

R2 0.997 0.995 0.99 0.988 0.991 0.993 

h 0.568 0.953 1.126 1.32 1.72 1.94 

Intraparticle diffusion 

q t= kid t 1/2 +C 

 

Kdiff 0.113 0.243 0.376 0.528 0.865 1.262 

C 0.6 1.089 1.399 0.0642 1.957 1.903 

R2 0.914 0.938 0.958 0.969 0.95 0.948 

Elovich 

ln(t) 

β 4.78 2.73 1.78 1.28 0.77 0.527 

α 3.70 7.52 7.29 7.305 6.25 5.47 

R2 0.993 0.981 0.983 0.976 0.981 0.987 

Experimental date ) 2.49 4.9985 7.4575 9.9985 14.9985 19.9985 

 

Table  8. Kinetic parameters of MG adsorption onto AC-RC conditions: 0.3 g AC-RC over 5-40mg/L at optima 

conditions of other variables. 

 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

log( ) )t 

K1 0.108 0.074 0.059 0.051 0.046 0.044 

q 
e(calc)    

 

6.88 3.419 1.663 1.06 1.76 2.78 

R2 0.96 0.907 0.935 0.918 0.901 0.912 

Second order kinetic model: K2 2.102 0.949 0.406 0.23 0.132 0.078 
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d qt/dt = k2 (qe – qt)2 

 

q 
e(calc) 0.842 1.663 2.47 3.23 4.78 6.29 

R2 0.999 0.999 0.999 0.997 0.997 0.997 

h 1.49 2.61 2.47 2.33 2.84 3.08 

Intraparticle diffusion: 

q t= kid t 1/2 +C 

 

Kdiff 0.034 0.074 0.137 0.207 0.351 0.544 

C 0.654 1.262 1.704 2.012 2.746 3.089 

R2 0.787 0.768 0.809 0.854 0.814 0.869 

Elovich: 

ln(t) 

β 17.85 8.33 4.54 3.07 1.79 1.176 

α 5912.3 3859.7 458.47 149.7 14.9 31.003 

R2 0.935 0.935 0.957 0.972 0.951 0.978 

Experimental date ) 1.665 3.3332 4.9826 6.6656 9.99 13.322 

 

Table  9. Kinetic parameters of MG adsorption onto AC-RC conditions: 0.4 g AC-RC over 5-40mg/L at optima 

conditions of other variables.  

 

 
Parameter values: Concentration dye (ppm) 

Models parameters 5 10 15 20 03 03 

First order kinetic model: 

log(  

log( ) )t 

K1 0.109 0.074 0.055 0.048 0.048 0.044 

q 
e(calc) 21.33 10.16 5.16 2.6 1.54 1.054 

R2 0.891 0.829 0.817 0.854 0.903 0.93 

Second order kinetic model: 

d qt/dt = k2 (qe – qt)2 

 

K2 6.87 3.029 1.59 0.76 0.265 0.159 

q 
e(calc) 0.627 1.25 1.86 2.45 3.65 4.76 

R2 1 1 1 0.999 0.999 0.998 

h 2.7 4.83 5.52 0.47 3.53 3.59 

Intraparticle diffusion 

q t= kid t 1/2 +C 

 

Kdiff 0.014 0.03 0.052 0.089 0.204 0.292 

C 0.551 1.092 1.579 1.960 2.487 3.052 

R2 0.7 0.715 0.748 0.795 0.847 0.881 

Elovich 

ln(t) 

β 

 
41.66 20 11.76 6.94 3.1 2.21 

α 1.8*109 1.3*109 2*105 1.04*105 674.07 373.61 

R2 0.898 0.908 0.932 0.954 0.974 0.985 

Experimental date ) 1.24 2.4992 3.7412 4.9992 7.4992 9.992 

Table  10. Isotherm constant parameters and correlation coefficients calculated for the adsorption MB. 

Isotherm Equation parameters 
Adsorbent (g) 

.13 .23 .33 .43 

Langmuir Ce/qe = 1/KaQm + 

Ce/Qm 

Qm (mg g-1) 250 66.66 30.3 15.38 

Ka (L mg -1) .0750 .1830 0.268 0.671 

R2 0.973 0.972 0.951 0.957 

Freundlich Ln qe = ln KF +(1/n)ln 

Ce 

1/n 0.533 0.498 0.436 0.434 

KF (L mg -1) 527.23 139.64 56.1 43.55 

R2 0.985 0.992 0.991 0.993 

Tempkin qe = Bl ln KT + Bl lnCe Bl 7.853 3.864 2.251 1.687 
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KT (L mg -1) 10.48 13.41 21.77 31.09 

R2 0.848 0.829 0.816 0.867 

Dubinin and 

Radushkevich  

Ln qe = ln Qs – Kε2 Qs (mg g-1) 21.69 10.99 7.32 6.00 

B 4*10-8 4*10-8 3*10-8 2*10-8 

  E (kJ/mol)= 1/(2K)1/2 3.5*103 3.5*103 4.1*103 5000 

R2 0.737 0.732 0.744 0.792 

 

Table  11. Isotherm constant parameters and correlation coefficients calculated for the adsorption MG. 

Isotherm Equation parameters 
Adsorbent (g) 

.13 .23 .33 .43 

Langmuir Ce/qe = 1/KaQm + 

Ce/Qm 

Qm (mg g-1) 200 50 27.02 21.73 

Ka (L mg -1) 0.022 .435 0.787 1.09 

R2 0.974 0.978 0.992 0.956 

Freundlich Ln qe = ln KF +(1/n)ln 

Ce 

1/n 0.472 0.525 0.388 0.378 

KF (L mg -1) 188.36 155.81 7.62 6.63 

R2 0.991 0.978 0.996 0.993 

Tempkin qe = Bl ln KT + Bl lnCe Bl 4.324 3.893 2.3 1.706 

KT (L mg -1) 8.83 15.11 47.16 77.61 

R2 0.82 0.957 0.896 0.878 

Dubinin and 

Radushkevich  

Ln qe = ln Qs – Kε2 Qs (mg g-1) 14.75 12.88 9.08 7.16 

B 6*10-8 5*10-8 2*10-8 1*10-8 

  E (kJ/mol)= 1/(2K)1/2 2.8*103 3.2*103 5000 7123 

R2 0.937 0.888 0.79 0.816 

 

Conclusion 

The results of this research show : the new adsorbent AC-

RC as a good , low-cost , green with high adsorption 

capacity adsorbent (30.3 mg/g) for the removal of MG 

and (27.02 mg/g) for the removal of MB , by using 0.3g/L 

( AC-RC) could remove of 10 mg.L-1 of MB and 15 mg.L-1 

of MG at short times, 40min of contact time for MB and 

45 min for removal MG (<60min) , that their optimum 

point. The effective pH was 8 for removal both Dyes. The 

four kinetic models show, the kinetic study of MB and MG 

on these new adsorbent AC-RC conformed pseudo 

second-order model. Fitting the experimental data for AC-

RC show good fit to the Freundlich isotherm for MB and 

MG by new adsorbent of AC-RC. This work confirms that 

Activated Carbon from Rosa Canina is a new adsorbent as 

low cost , economic with simple preparation for removal 

MB and MG from aqeous media.  

 

 

 

Acknowledgement 

The authors gratefully acknowledge the financial 

support received in the from of research grants from 

Department of Chemistry, Science and Research 

Branch, Islamic Azad University, Tehran, Iran for this 

project. 

 

References 

Pavan FA, Dias SLP, Lima EC, Benvenutti EV. 

2008. Removal of congo red  from aqueous  solution by 

anilinepropylsilica xerogel. Dyes pigments 76, 64-69.   

 http://dx.doi.org / doi:10.1016/j.dyepig.2006.08.027 

 

Wu FC, Tseng RL. 2006.  Prepration of 

highlyporous carbon from fire wood by KOH etching 

and CO2 gastification for adsorption of dyes and 



J. Bio. & Env. Sci. 2014 

 

189 | Tavakol et al. 

phenols from water. Journal of Colloid and Interface 

Science 294, 21-30. 

 

Reza S, Vahid V, Mansur Z, Akram V. 2010.  

Adsorption of Acid Red 18 (AR18) by Activated 

Carbon from Poplar Wood: A Kinetic and Equilibrium 

Study. European Journal of Chemistry  7, 65-72. 

http://dx.doi.org/10.1155/2010/958073 

 

Gregorio C. 2006. Non-conventional low-cost 

adsorbents for dye removal: A review, Bioresour. 

Technol 97, 1061–1085. 

 

Sudipta C, Seong-Rin L, Seung HW. 2010. 

Removal of Reactive Black 5 by zero-valent iron 

modified with various surfactants. Chemical 

engineering Journal 160, 27–32.  

http://dx.doi.org/10.1016/j.cej.2010.02.045 

 

Han RP, Wnag YF, Han PJ,Yang YS Lu. 2006. 

Removalofmethyleneblue from aqueous solution by 

chaffin batch mode. Journal of Hazardous Materials  

137, 550–557. 

 

Zhang J, Zhang YLC, Jing Y. 2008. Bisorption of 

malachite green from aqueous solutions by pleurotus 

ostreatus using Taguchi method. Journal 

of Hazardous Materials 150,774-782. 

 

Mittal A.  2006. Adsorption kinetics of removal of a toxic 

dye, malachite green, from wastewater by using hen 

feathers. Journal of Hazardous Materials 133, 196-202. 

http://dx.doi.org/10.1016/j.jhazmat.2005.10.017 

Culps SJ, Blankeship LR, Kusewitt DF, Doerge 

DR, Mulligan LT, Beland FA. 1999.  Toxicity and 

metabolism of malachite green and 

leucomalachitegreen during short-term feeding to 

Fischer 344 rats and B6C3F (1) mice. Chemico- 

Biological Interactions  122(3), 153-170. 

http://dx.doi.org/10.1016/S0009-2797 (99)00119-2 

 

Singh S, Das M, Khaana SK. 1994. 

Biodegradation of malachite green and Rhodamine-B 

by cecal microflora of rats. Biochemical and 

Biophysical Research Communications  200(3), 

1544-1550. 

 

Gupta VK, Ali I, Saini VK. 2004. Removal of 

Rhodamine B, fast green and methylene blue from 

wastewater using red mud, an aluminium industry 

waste. Industrial & Engineering Chemistry Research  

43, 1740-1747. 

http://dx.doi.org/ 10.1021/ie034218g 

 

Beridou C, Poulios I, Xekoukoulotakis NP, 

Mantzavinos D. 2007. Sonolytic, photocatalytic and 

sonophotocatalytic degradationof malachite green in 

aqueous solutions . Applied Catalysis A  B74, 63-72. 

http://dx.doi.org/ 10.1016/j.apcatb.2007.01.013 

 

Ghaedi M, Nejati Biyareh M, Nasiri Kokhdan 

S, Shamsaldini H, Sahraei R, Daneshfar A, 

Shahriyar S. 2012. Comparison of the efficiency of 

palladium and silver nanoparticles loaded on 

activated carbon and zinc oxide nanorods loaded on 

activated carbon as new adsorbents for removal of 

http://www.google.com/url?sa=t&rct=j&q=colloids%2C%20interface.%20sci%20&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00219797&ei=gAPYU9f6K-ic0AX92IDwCw&usg=AFQjCNEPFSQysGJ1frsfe7It5vIpXYMgZw&sig2=hr4xmkzljstks2skgxU5Ng&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=colloids%2C%20interface.%20sci%20&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00219797&ei=gAPYU9f6K-ic0AX92IDwCw&usg=AFQjCNEPFSQysGJ1frsfe7It5vIpXYMgZw&sig2=hr4xmkzljstks2skgxU5Ng&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=e-j.%20chem&source=web&cd=4&cad=rja&uact=8&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.eurjchem.com%2F&ei=9wPYU6TVK8ib1AWQ-4DwAg&usg=AFQjCNGFsEIiB0fvEHpUsFq96QYzN8UmdQ&sig2=q56dItP4WXxhF-ObQJGm_g&bvm=bv.71778758,d.d2k
http://dx.doi.org/10.1155/2010/958073
http://www.google.com/url?sa=t&rct=j&q=chem.%20eng&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13858947&ei=7QTYU766OOKn0QW-1YGgCA&usg=AFQjCNGCZti8WSMtwXPlxBEO37-nuTZ6lA&sig2=3WMCiYGUgBLvHUBzaD_8gQ&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=chem.%20eng&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13858947&ei=7QTYU766OOKn0QW-1YGgCA&usg=AFQjCNGCZti8WSMtwXPlxBEO37-nuTZ6lA&sig2=3WMCiYGUgBLvHUBzaD_8gQ&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hazard.mater&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03043894&ei=QAXYU5erAoO50QXhzYCoCw&usg=AFQjCNH-S5k893jcoHkeYZhW1mefpljr7w&sig2=c5Y4TbL-yvWSWlaQmR2v8g&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hazard.mater&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03043894&ei=QAXYU5erAoO50QXhzYCoCw&usg=AFQjCNH-S5k893jcoHkeYZhW1mefpljr7w&sig2=c5Y4TbL-yvWSWlaQmR2v8g&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hazard.mater&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03043894&ei=QAXYU5erAoO50QXhzYCoCw&usg=AFQjCNH-S5k893jcoHkeYZhW1mefpljr7w&sig2=c5Y4TbL-yvWSWlaQmR2v8g&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hazard.mater&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03043894&ei=QAXYU5erAoO50QXhzYCoCw&usg=AFQjCNH-S5k893jcoHkeYZhW1mefpljr7w&sig2=c5Y4TbL-yvWSWlaQmR2v8g&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=chem.%20biol.%20interact&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00092797&ei=AQbYU93TPKKQ0AX96IGwBQ&usg=AFQjCNGGIg-RGi3xklCP7Ty4BzH42NNxWw&sig2=ZQWivgbluemdHzPTwxObsg&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=chem.%20biol.%20interact&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00092797&ei=AQbYU93TPKKQ0AX96IGwBQ&usg=AFQjCNGGIg-RGi3xklCP7Ty4BzH42NNxWw&sig2=ZQWivgbluemdHzPTwxObsg&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=biophys.%20res.commun&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0006291X&ei=ewbYU7j6IabX0QXMqoGgAQ&usg=AFQjCNFS2UBZN8S0dBfFll6r9oWjrcC6Pw&sig2=E_RC1x-3hyKWGC9za8KcyQ&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=biophys.%20res.commun&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F0006291X&ei=ewbYU7j6IabX0QXMqoGgAQ&usg=AFQjCNFS2UBZN8S0dBfFll6r9oWjrcC6Pw&sig2=E_RC1x-3hyKWGC9za8KcyQ&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=eng.%20chem.%20res.&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fpubs.acs.org%2Fjournal%2Fiecred&ei=6wbYU-etMeSh0QWI6YDQBg&usg=AFQjCNGs8oyj1gTCjiMTCpg6-FAI64NkGQ&sig2=FWYe0Ps6tZe3r1I78t1i6Q&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=appl.%20catal&source=web&cd=4&cad=rja&uact=8&ved=0CDgQFjAD&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fapplied-catalysis-a-general%2F&ei=VQfYU__9GYXL0QX4-oDgBg&usg=AFQjCNF4C6tAF5NmRM7arbr9uzP56nAqdg&sig2=ud-85iwGoAs97RUndHQCqQ&bvm=bv.71778758,d.d2k


J. Bio. & Env. Sci. 2014 

 

190 | Tavakol et al. 

Congo red from  aqueous solution:Kinetic and 

isothermstudy. Master of Science in Engineering  

C32 (4), 725-734. 

 

Ghaedi M, Hossainian H, Montazerozohori M, 

Shokrollahi A, Shojaipour F, Soylak M, 

Purkiat M. 2011. A novel acon based adsorbent for 

the removal of brilliant green. Desalination 281, 226-

234. 

http://dx.doi.org/10.1016/j.desal.2011.07.068 

 

Ghaedi M, Sadeghian B, Amiri Pedani A, 

Sahraei A, Daneshfar A, Duran C.2012. Kinetics, 

thermodynamic and equilibrium evaluation of direct 

yellow 12 removals onto silver nanoparticles loaded 

activated carbon. Chemical engineering Journal 

187,133-141. 

 

Yang LiW,Peng K,Zhang J,Guo L,Xia S. 2008. 

Effects of carbonization temperatures on 

characteristics of porosity in cocounat  shell chars and 

activated carbons derived from carbonized coconut 

shell chars. Industrial Crops and Products 28, 190-

198. 

http://dx.doi.org/10.1016/j.indcrop.2008.02.012 

 

Ghaedi M,Tavallali H, Sharifi M,Nasiri 

Kokhdan S, Asghari A. 2012. Preparation of low 

cost activated carbon from Myrtus communis and 

pomegranate and their efficient application for 

removal of Congo red from aqueous solution 

Spectrochimi. Acta Crystallographica  86, 107– 114. 

 

Pan XL, Zhang D. 2009. Removal of malachite 

green from water by Firmiana simplex wood fiber. 

Electronic Journal of Biotechnology 12   .  

http://dx.doi.org/10.2225/vol12-issue4-fulltext-4 

 

Jabbar Z, Angham A, Hadi Ferdoos G, Sami. 

2014. Removal of azo dye from aqueous solutions 

using chitosan. Oriental Journal of Chemistry 30, 

571-575. 

 

Apple M, Jackson MA. 2007. Sorption of 

ochratoxin a from aqueous solutions using 

cyclodextrin-polyurethane polymer. Technology 53, 

97-110. 

http://dx.doi.org/10.1.1.270.813 

 

Tuzen M, Soylak M. 2007. Multiwalled carbon 

nanotubes for speciation of chromium in 

environmental samples.  Journal 

of Hazardous Materials147, 219-225. 

http://dx.doi.org/10.1016/j.jhazmat.2006.12.069 

 

Dubinin MM. 1960. The potential theory of 

adsorption of gases and vapors for adsorbents with 

energetically nonuniform surfaces. Chemical Reviews 

60, 235-241. 

 

Alkan M, Dogan M, Turhan Y,  Demirbas O, 

Turan  P. 2008. Adsorption Kinetics and Mechanism 

of Maxilon Blue 5G Dye on Sepiolite from Aqueous 

Solutions. Chemical engineering Journal 139, 213-

223. 

 

http://www.google.com/url?sa=t&rct=j&q=master-sci.eng%20&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMaster_of_Science_in_Engineering&ei=rgfYU5XpB6We0QXKiYGQDA&usg=AFQjCNGgJKm8XLC9kd6HVuHRIlbiydcL4w&sig2=DHtCgJH9O75zY3DinJp-JA&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=chem.%20eng&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13858947&ei=7QTYU766OOKn0QW-1YGgCA&usg=AFQjCNGCZti8WSMtwXPlxBEO37-nuTZ6lA&sig2=3WMCiYGUgBLvHUBzaD_8gQ&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=ind%20crop%20prod&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Findustrial-crops-and-products%2F&ei=NAnYU_fjNeTE0QWQk4BY&usg=AFQjCNGgQF8Ud4cn_bvS0nn4H_7t6swogQ&sig2=5TvCwzsMYcSsxvp_Qw_M3A&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=acta%20crystallogr%20a%20journal&source=web&cd=2&cad=rja&uact=8&ved=0CCgQFjAB&url=http%3A%2F%2Fjournals.iucr.org%2Fe%2Fjournalhomepage.html&ei=-QnYU8T8Fsiw0QWdlYHQCQ&usg=AFQjCNEOCfeROIRtckxjJ0uuqINuBfSoog&sig2=4AqyW5BuWGM9ctWU6jAAbg&bvm=bv.71778758,d.d2k
http://www.scielo.cl/scielo.php?script=sci_serial&pid=0717-3458&lng=es&nrm=iso
http://www.google.com/url?sa=t&rct=j&q=oriental.%20chem%20&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.orientjchem.org%2F&ei=3wrYU92RNems0QXT54D4Bg&usg=AFQjCNGvJCTeK1OenPJeYLmfho3ELv2cWw&sig2=eblx-PXWT_7ulTsfE4Rc3w&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hazard.mater&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03043894&ei=QAXYU5erAoO50QXhzYCoCw&usg=AFQjCNH-S5k893jcoHkeYZhW1mefpljr7w&sig2=c5Y4TbL-yvWSWlaQmR2v8g&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=hazard.mater&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03043894&ei=QAXYU5erAoO50QXhzYCoCw&usg=AFQjCNH-S5k893jcoHkeYZhW1mefpljr7w&sig2=c5Y4TbL-yvWSWlaQmR2v8g&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=Chem.+Rev&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fpubs.acs.org%2Fjournal%2Fchreay&ei=sA_YU4qZM-qY1AWnmYCQBw&usg=AFQjCNECWPKyyBExsqYtHczgQQ1XFcyeBQ&sig2=vUTif_w6ZXGJ_3WI5_VqPg&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=chem.%20eng&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13858947&ei=7QTYU766OOKn0QW-1YGgCA&usg=AFQjCNGCZti8WSMtwXPlxBEO37-nuTZ6lA&sig2=3WMCiYGUgBLvHUBzaD_8gQ&bvm=bv.71778758,d.d2k


J. Bio. & Env. Sci. 2014 

 

191 | Tavakol et al. 

Dogan M, Alkan M, Demirbas O, Ozdemir Y, 

Ozmetin C. 2006. Adsorption Kinetics of Maxilon 

Blue GRL onto Sepiolite from Aqueous Solutions. 

Chemical engineering Journal 124, 89-101. 

http://dx.doi.org/10.1016/j.cej.2006.08.016 

 

Dubinin MM. 1960. The potential theory of 

adsorption of gases and vapors for adsorbents with 

energetically nonuniform surfaces. Chemical Reviews 

60, 235. 

http://dx.doi.org/10.1021/cr60204a006 

 

Dubinin MM, Fiz ZH. 1965. Equilibrium modeling, 

kinetic and thermodynamic study. Chim 39, 1305-

1317. 

 

http://www.google.com/url?sa=t&rct=j&q=chem.%20eng&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F13858947&ei=7QTYU766OOKn0QW-1YGgCA&usg=AFQjCNGCZti8WSMtwXPlxBEO37-nuTZ6lA&sig2=3WMCiYGUgBLvHUBzaD_8gQ&bvm=bv.71778758,d.d2k
http://www.google.com/url?sa=t&rct=j&q=Chem.+Rev&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fpubs.acs.org%2Fjournal%2Fchreay&ei=sA_YU4qZM-qY1AWnmYCQBw&usg=AFQjCNECWPKyyBExsqYtHczgQQ1XFcyeBQ&sig2=vUTif_w6ZXGJ_3WI5_VqPg&bvm=bv.71778758,d.d2k

