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Abstract  

Colour removal from wastewater has been a matter of concern, both in the aesthetic sense and health point of 

view. Colour removal from textile effluents on a continuous industrial scale has been given much attention in 

the last few years, not only because of its potential toxicity, but also mainly due to its visibility problem. There 

have been various promising techniques for the removal of dyes from wastewater. However, the effectiveness of 

adsorption for dye removal from wastewater has made it an ideal alternative to other expensive treatment 

methods. The potential of using raw cassava peel (RCP) as adsorbent for the removal of methylene blue (MB) 

dye from aqueous solution was investigated.  The adsorbent was characterized by Fourier transformer infrared 

spectroscopy (FTIR) and scanning electron microscopy (SEM) techniques. The effect of experimental 

parameters such as pH, contact time, initial concentration of adsorbate and amount of adsorbent dosage was 

evaluated. The maximum adsorption capacity of RCP for MB was found to be 32.26mg/g at 343k and pH 8.0 

and 90 mins contact time for 100mg/l initial MB dye concentration.  Adsorption isotherms were developed and 

equilibrium data fitted well to Langmuir, Freundlich, and Temkin isotherm models. Kinetic studies showed the 

adsorption process followed pseudo second-order kinetic model. Adsorption mechanism was investigated with 

intra-particle diffusion model to get a better understanding of the adsorption process and it indicated that intra-

particle diffusion is not the rate determining step. Thermodynamic quantities (G
0
,H

0
 and S

0
) were evaluated 

and the negative G values obtained indicate a spontaneous adsorption process, positive H value obtained 

indicate the endothermic nature of the adsorption process and positive S value obtained indicate increased 

randomness during the adsorption process. Based on the results obtained such as good uptake capacity, rapid 

kinetics, and its low cost, RCP appears to be a promising adsorbent material for the removal of MB dye stuff 

from aqueous media. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Dyes have long been used in dyeing, paper and pulp, 

textiles, plastics, leather, cosmetics and food 

industries. Colour stuff discharged from these 

industries poses certain hazards and environmental 

problems. These coloured compounds are not only 

aesthetically displeasing but also inhibiting sunlight 

penetration into the stream and affecting aquatic 

ecosystem. Dyes usually have complex aromatic 

molecular structures which make them more stable 

and difficult to biodegrade. Furthermore, many dyes 

are toxic to some microorganisms and may cause 

direct destruction or inhibition of their catalytic 

capabilities (Yaneva, & Georgieva, 2012). 

 

Textile industry use dyes and pigments to colour their 

product. There are more than 100,000 commercially 

available dyes with over 7×10
5
 tones of dyestuff are 

produced annually. Many types of dye are used in 

textile industries such as direct, reactive, acid and 

basic dyes. Most of these dyes represent acute 

problems to the ecological system as they are 

considered toxic and have carcinogenic properties, 

which make the water inhibitory to aquatic life .Due 

to their chemical structure, dyes possess a high 

potential to resist fading on exposure to light and 

water. The main sources of wastewater generated by 

the textile industry originate from the washing and 

bleaching of natural fibers and from the dyeing and 

finishing steps. Given the great variety of fibers, dyes 

and process aids, these processes generate wastewater 

of great chemical complexity and diversity, which are 

not adequately treated in conventional wastewater 

treatment Plant (Sharma & Nandi, 2013; Kumar et 

al., 2013).  

 

Among the different types of synthetic dyes, 

methylene blue (MB), a basic dye is the most 
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common and is extensively used in dyeing textile, 

mostly cotton, silk, and also used in some medical 

treatments. Though Methylene blue dye is not 

strongly hazardous, yet it has some harmful effects 

which have been extensively reviewed (Soni et al., 

2012; Ozer & Dursun, 2007; Ghosh & 

Bhattacharyya, 2002). It is therefore necessary and 

highly important to treat the dye effluents with a 

suitable technology.  Various technologies have been 

applied for the treatment of dye effluents and the 

advantages and disadvantages were extensively 

reviewed (Hameed, 2009). Adsorption technology 

has been found to be not only efficient but also 

economical in the treatment of dye effluents. 

Activated carbon has been widely used as an 

effective adsorbent for the removal of dyes from 

wastewater or aqueous solution due to its high 

adsorption capacity. However, the cost of production 

and regeneration of the activated carbon are high and 

this has limited its application for most pollution 

control processes (Kumar et al., 2013).  

 

In view of these limitations, there have been constant 

search for alternative, efficient and low-cost 

adsorbents for removal of dyes from wastewater or 

aqueous solution. Some of the low-cost adsorbents 

investigated and found efficient includes: sugarcane 

baggase yielded adsorption capacity of 190 mg/g for 

Malachite Green dye (Sharma and Nandi, 2013),raw 

mango seed yielded adsorption capacity of 25.36 

mg/g for Methylene Blue dye(Kumar et al, 2013), 

spent tea leaves yielded 114.94 mg/g at 25
0
C for 

Crystal Violet dye (Bajpai and Jain, 2012), water 

hyacinth root yielded 8.04 mg/g for Methylene blue 

dye (Soni et al, 2012), jack fruit peels yielded 

adsorption capacity of 285.713 mg/g for Methylene 

blue(Hameed, 2008), the indian jujuba seeds yielded 

adsorption capacity of 55.56 mg/g for Congo Red dye 

(Reddy et al, 2012), jute stick powder yielded 

adsorption capacity of 35.7 mg/g for Congo Red dye 

(Panda et al, 2009), etc. 

 

Cassava (Manihot esculenta) belonging to the family 

Euphorbiaceae is extensively cultivated as an annual 

crop for its edible starchy tuberous root, a major 

source of carbohydrates in Nigeria and West African 

region. Nigeria is the world’s largest producer of 

cassava, and its peels and fiber are left after 

processing. In general, over 30% of the cassava 

weight during processing appears as waste materials 

whereby RCP consist of about 15% of the weight. 

The usage of the waste materials generated from this 

process could result in waste minimization and 

tremendous cost saving.  

 

Therefore, in the continued effort to use low-cost 

materials for the removal of dye stuff, the potential of 

raw cassava (RCP) was explored under batch 

conditions. The raw cassava peels (RCP) was 

characterized by the FTIR and SEM analysis. The 

effect of several parameters such as contact time, 

adsorbent dosage, initial MB dye concentration, pH 

and temperature were investigated in the 

experimental study. The adsorption equilibrium 

isotherm models, kinetic models, adsorption 

mechanisms and thermodynamic parameters related 

with the process were studied and reported. 

 

EXPERIMENTAL METHODS    

Preparation of Adsorbent 

The raw cassava peels (RCP) were collected from a 

local cassava field and were washed thoroughly with 

deionized water to remove sand, dirt and other 

impurities present. The RCP were sundried for 

several days until all moistures were removed. It was 

then grounded in a steel mill and sieved in a sieve 

shaker of particle size 40m. The raw cassava peels 

that passed through the sieve were used as adsorbent 

without any further pretreatment. They were finally 

stored in an airtight container for further use.  

 

Preparation of MB Dye Solutions 

Analytical grade MB dye (C. 1.N: 52015, molecular 

formula: C16H18N3SCl, molecular weight: 319.85, 

max = 664nm) was obtained from a chemical 

laboratory in Owerri. A stock solution of MB dye of 

concentration 1000mg/l was prepared by dissolving 

1g of dye powder in 1L of deionized water. 

Experimental working solutions of desired 

concentration were obtained by appropriate dilution 

of the stock solution. 

 

ANALYSIS 

Fourier transform infra-red (FTIR) spectrophotometer 

was used to identify the different functional groups 

available on the adsorbent sites before adsorption. 

The surface morphology of the adsorbent was 

analyzed using scanning electron microscope (SEM) 

before adsorption. The MB dye concentration in the 

solution was determined at the maximum absorbance 

(max) of 664nm using UV-visible 

spectrophotometer. The pH measurements were 

conducted using a digital pH meter. Initial pH of the 

solution was adjusted using 1M HCl.  

 

Batch Adsorption Experiments 

Batch adsorption of MB dye onto the adsorbent 

(RCP) was conducted in a 250ml airtight Erlenmeyer 

flask containing 100ml of known concentration of the 

MB dye solution under the following operating 

conditions: contact time (15-120mins), adsorbent 

dosage (0.5-3.0g), initial MB dye concentration (40-

140mg/l), pH (2-12), and temperature (300K±1K) for 

different initial MB dye concentration of 40, 80, 100, 

120 and 140mg/l with 1.0g of RCP and constant 

agitation (150rpm) until equilibrium time was 

achieved. After filtration, the final concentrations of 

MB dye in the supernatant solutions were analyzed 

using the UV-visible spectrophotometer. All 

experimental studies were carried out in triplicates. 
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The amount of equilibrium uptake of dye was 

determined using 

 

 
Where  is the amount of dye taken up by the 

adsorbent at equilibrium (mg/g),  is the initial MB 

concentration (mg/l),  is the MB concentration at 

equilibrium (mg/l),  is the mass of the adsorbent 

(g), and  is the volume of the solution, ( ).  

RESULTS AND DISCUSSION  

Characterization of the RCP 

The FTIR spectral of RCP were obtained using KBr 

pellets within the spectral range of 4000-400cm
-1

 and 

is shown in Figure 1. It was observed that broad and 

minor peaks are present in the spectra such as peaks 

at 3872.23cm
-1

 due to hydroxyl group, OH, attributed 

to adsorbed water, broad peak at 3453.34cm
-1 

due to 

O–H bond from carboxylic acid, 2388.92cm
-1

 due to 

N–H bond, 2267.40cm
-1

 due to CC bond, or CN, 

1647.26cm
-1

 due to CC bond from alkene, 

1437.98cm
-1

 due to symmetrical aliphatic bonding of 

methyl group, CH3, 1187.23cm
-1

 due to C–N bond 

1034.84cm
-1

 due to C–O bond confirming presence 

of carboxylic acid, 641.35cm
-1

 due to C–Cl bond, 

(Sharma and Nandi,2013; Yaneva and 

Georgieva,2012)            

 

Also, Figure 2 shows the SEM images of RCP. It 

can be observed from Figure 2a that the external 

surface of RCP is uneven and irregular. On further 

magnification as indicated in Figure 2b, the surface 

is very rough and contains pores. 

Figure 1: FTIR Spectra of RCP 
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F ig . 2b : S E M i m ag e o f R CP o bt a in ed at a m a g n ifi cat io n o f 2 5 0 0x

F ig . 2a : S EM im a g e of R CP ob tain ed a t a m ag n ific ation of 10 0 0 x

 

Effect of Contact Time 
Contact time is an important parameter in the 

adsorption process. The effect of contact time on the 

removal of MB dye is depicted in Figure 3. It is clear 

that the extent of adsorption is rapid in the initial 

stages and becomes slow in later stages till saturation 

is allowed. 

 

Similar result was reported by Jyoti and Shakti 

(2013). It can be inferred from the rapid sorption rate 

at the initial stages that there were abundance of 

active sites on the external surface of RCP which 

resulted in the rapid MB dye removal The final dye 

concentration did not vary significantly after 90.min 

from the start of adsorption process. This shows that 

equilibrium can be assumed to be achieved after 90 

min. It is basically due to saturation of the active site 

which does not allow further adsorption to take place 

(Umpuch and Jutarat, 2013). Once equilibrium is 

attained, the removal efficiency decreased due to the 

fact that the remaining vacant sites are difficult to 

occupy probably caused by repulsive forces between 

the molecules on the adsorbents and the bulk phase 

(Wu, 2007; Iscen et al., 2007). 
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Fig. 3: Effect of contact time on percentage removal 

of MB (MB concentration: 100mg/l, adsorbent 

dosage: 1.0g, volume of solution: 100ml 

temperature: 300±1 K) 

 

Effect of Adsorbent Dosage 

The effect of adsorbent dosage on the removal of MB 

dye is depicted in Fig. 4. It can be observed that the 

removal efficiency of MB dye increased with 

increase in adsorbent dosage. This observation can be 

attributed to the fact that the number of active sites on 

RCP surface increased with the increase in the 

adsorbent (RCP) dosage (Kumar et al., 2013).  
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Figure 4: Effect of adsorbent dosage on percentage 

removal of MB dye (MB concentration: 100mg/l, 

contact time: 90mins, volume of solution: 100ml and 

temperature 300±1K)  
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Effect of Initial Dye Concentration  

The effect of initial MB dye concentration is 

depicted in Fig. 5. It can be observed that the 

removal efficiency of MB dye onto RCP decreased 

from 96.8% to 95.2% as the initial concentration 

increased from 40mg/l to 140mg/l. This observation 

can be attributed mainly to the fact that, for a given 

mass of adsorbent, the amount of dye it can adsorb 

is fixed. Thus, the higher the concentration of the 

dye the smaller the percentage it can remove 

(Bharathi and Ramesh, 2013) 
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Figure 5: Effect of initial concentration on percentage 

removal of MB dye (Contact time: 90 mins, 

Adsorbent dosage: 1g, volume of solution: 100ml and 

temperature 300±1K).  

 

Effect of pH 

The pH of the dye solution is an important parameter 

in the adsorption process and the initial pH of dye 

solution has greater significance than the final pH of 

the solution in adsorption reaction. The influence of 

pH on the adsorption of MB onto RCP is illustrated 

in Fig. 6. It was observed that the removal efficiency 

of MB by RCP increased as the initial pH of the 

solution increased from 2 to 12. Similar trend have 

been observed by (Soni et al., 2012; Satish et al., 

2011).Optimum removal efficiency was obtained at 

pH of 8.0. The increase in removal efficiency with 

increase in pH can be attributed to the fact that at low 

pH values of the solution, the presence of excess 

hydrogen ion in the solution competes with the 

cationic groups of the MB dye for the adsorption sites 

on the adsorbent surface (Wang et al., 2006). At 

higher pH values, the positive charges (H
+
) at the 

solution interphase decreases and the adsorbent 

surface is more negatively charged, thus enhancing 

attraction of more amount of the cations of the MB 

dye (Kumar et al., 2013; Ozcan et al., 2007). 
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 Fig. 6: Effect of pH on percentage removal of MB 

dye (contact time: 90mins, MB concentration: 

100mg/l, adsorbent dosage: 1g, volume of solution: 

100ml and temperature 300±1K). 

 

Effect of Temperature  

The influence of temperature on the removal of 

efficiency of MB by RCP is illustrated in Fig. 7. It 

can be observed that increase in temperature resulted 

in increase in removal efficiency of MB by RCP. 

Similar observation has been reported by (Asiagwu et 

al., 2012; Saja et al., 2007). This increase in removal 

efficiency of MB by RCP with increase in 

temperature can be attributed to the fact that an 

increase in temperature may reduce the viscosity of 

the solution and increase the rate of diffusion of the 

adsorbate molecules across the external boundary 

layer and in the internal pores of the adsorbent 

(Ahmad and Kumar, 2010). 
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 Fig. 7: Effect of temperature (MB concentration-

100m/l, adsorbent dose-1g, volume of solution-

100ml and contact time-90 mins)    
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Adsorption Isotherms  

Four adsorption isotherm models have been applied 

to describe the relationship between the MB dye 

concentration in the bulk solution and that on the 

RCP’s surface namely, the Langmuir, Freundlich, 

Halsey, and Temkin isotherm models. 

The linear form of Langmuir equation is given as 

 
Where  (mg/g) is the amount of dye adsorbed at 

equilibrium,  (mg/g), the amount of dye adsorbed 

when saturation is attained,  

  is the equilibrium dye concentration (mg/l) and 

 is Langmuir constant related to the binding 

strength of dye onto the adsorbent. The essential 

features of the Langmuir isotherm may be expressed 

in terms of equilibrium parameter  which is a 

dimensionless constant referred to as separation 

factor (Bharathi and Ramesh, 2013; Bajpai and Jain, 

2012). 

 
The value of  indicates the type of the isotherm to 

be either unfavourable (  >1), linear ( ), 

favourable (0 <  or irreversible ( ) 

The linearized form of Freundlich equation is 

expressed as  

 
Where  and  are the Freundlich constants that 

represent adsorption capacity and intensity (strength) 

of adsorption respectively. 

 The Harkins and Jura equation can be expressed as 

 

Where  and  are the isotherm constants and can be 

obtained from the intercept and slope of the plot of 

 versus  respectively 

The Halsey adsorption isotherm model can be 

expressed as: 

 
Where  and  are Halsey isotherm constants and 

can be obtained from the slope and intercept of the 

plot of   versus .  

The linearized form of Temkin equation is expressed 

as 

 

Where  is the equilibrium 

binding constant corresponding to maximum 

binding energy,  is the constant related to the heat 

of adsorption and the  differential surface capacity 

for the dye sorption per unit binding energy 

 

 
Figure 8: Langmuir adsorption isotherm for MB dye 

onto RCP 

 

The Langmuir isotherm parameters are calculated and 

listed in Table1. From the plot of Langmuir isotherm 

in Fig. 8, the values of correlation coefficient (R
2
= 

0.986) and Langmuir parameters in Table 1, indicated 

that the experimental data fitted well with Langmuir 

isotherm model.  

 

Furthermore, the separation factor (RL) estimated 

from the Langmuir adsorption isotherm parameter 

was used to deduce the affinity between the MB dye 

and the RCP. The RL values were found to be 0.185 – 

0.061 for the initial MB dye concentration of 40 – 
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140mg/l. it is in the range of 0 < RL < 1 indicating 

favourable adsorption (Bharathi and Ramesh, 2013). 

These observations reflect the adequacy of the 

Langmuir model for explaining the adsorption 

process and such adsorption occurred on the 

homogenous surface of the RCP adsorbent.  

 

 
Figure 9: Freundlich adsorption isotherm for MB dye 

on RCP. 

 

From the plot of Freundlich isotherm model in Fig. 9 

and the values of correlation coefficient (R
2
= 0.988) 

the experimental data also fitted well with the 

Freundlich isotherm model. Moreover, Freundlich 

isotherm constant, , (Table 1) was found to be 

greater than 1 indicating favourable adsorption 

process (El-Maghraby and El-Deeb, 2011). These 

observations evidence the adequacy of the Freundlich 

isotherm to describe the adsorption of MB onto RCP 

and such adsorption mainly occurred on the 

heterogeneous surface of the RCP. 

 
Figure 10: Temkin isotherm model for MB 

adsorption onto RCP 

 

The Temkin isotherm model for the adsorption of 

MB onto RCP is illustrated in Figure 10 and the 

Temkin parameters are calculated and summarized in 

Table 1. It can be observed from Table 1, that the 

Temkin model was among the best fit for the 

adsorption of MB onto RCP. This reflects the 

adequacy of Temkin model in explaining the 

adsorption of MB onto RCP. Furthermore, from 

Table 1, it can be observed that the values of heat of 

adsorption, B, was found to be less than 8 KJ/mol, 

which indicates a weak interaction between the MB 

dye and RCP adsorbent, thus physical adsorption 

plays a dominant role in the adsorption process 

(Kumar et al., 2013; Pearce et al., 2003). 

 

Table 1: The Isotherm Parameters and Values of 

Correlation Coefficient for the Adsorption of MB 

onto RCP  

 

Langmuir           qm (mg/g)          KL                      R
2
  

                               32.26              0.11                0.986 

 

Freundlich        KF (mg/g)(L/mg)
1/n

           n                     R
2 

                              3.350                1.332            0.988 

 

D-R                    qs (mg/g)                          (mol
2
KJ

-2
)          R

2
 

                              12.44              6×10
-7

             0.946 

 

Harkins & Jura         A              B                          R
2
 

                                 11.628         0.791               0.870 

 

Halsey                     K                  nH                        R2 

                                  3.264        0.772                 0.991 

 

Temkin               B (KJ/mol)   KT (mol/L)            R
2  

                               5.721           1.455                 0.991 

 

Adsorption Kinetics and Mechanism 

The Pseudo-first-order kinetic mode is represented by  

ln(qe – qt) = lnqe – K1t                                               12  

were qe and qt are the values  of amount of the dye 

adsorbed  per  unit mass on the  adsorbent at 

equilibrium and at various time t, respectively, K1 is 

the Pseudo-first-order adsorption rate constant (min
-

1
). The values of K1 and calculated qe can be 

determined from the slope and intercept respectively, 

of the linear plot of ln(qe – qt) versus t.  

 

The pseudo-second-order kinetic model is expressed 

by  

 
Where K2 is the pseudo-second-order adsorption rate 

constant (g/mg/min) and qe is the amount of dye 

adsorbed (mg/g) on the adsorbent at equilibrium.  

The initial adsorption rate, h (mg.g
-1

.min
-1

) is 

expressed as: 
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h = 

 

The plot of t/qt versus gives a linear relationship 

which allows computation of k2, h and calculated qe.. 

Among these models, the criterion for their 

applicability is based on judgment on the respective 

correlation coefficient (R
2
) and agreement  between 

experimental and calculated value of qe (Sharma and 

Nandi, 2013; Kumar et  al., 2013; Satish et al., 2011).  

 
Fig. 11:  Pseudo second-order plot for adsorption of 

MB onto RCP. 

 

Fig.11 depicts the pseudo-second-order kinetics for 

the adsorption of MB onto RCP. The pseudo-second-

order rate constant K2, and qe determined from the 

model are presented in Table 2. It can be observed 

from Table 2, that there is a good agreement between 

the calculated qe value and the experimental qe value 

i.e.  qe (cal.) and qe (exp.) for the adsorption of MB 

onto RCP.  It is therefore evident that pseudo-second-

order is the best fitted kinetic model as compared to 

other kinetic models in describing the adsorption of 

MB onto RCP and is therefore very adequate  in 

describing and representing the kinetics of the 

adsorption of MB onto RCP. Hence the adsorption 

process may be controlled by chemisorptions and it 

played a significant role in the rate determining step 

(Sharma and Nandi, 2013; Seey et al., 2012; Satish et 

al., 2011). This also indicates that the forming of 

interaction between the adsorbate and adsorbent on 

the external surface of the adsorbent is the rate 

limiting step (Umpuch and Jutarat, 2013). 

 

 

Table 2: Pseudo-first and second order kinetic parameters, equilibrium adsorption capacity and values of 

correlation coefficient for MB adsorption onto RCP 
Pseudo-First Order Model Pseudo-Second Order Model 

qe (exp) 

(mg/g) 

k1 

(g.mg-1min-1
) 

qe (cal) 

(mg/g) 

R2 qe (exp) 

(mg/g) 

K2 

(g.mg-1min-1) 

qe (cal) 

(mg/g) 

R2 

9.63 0.023 0.291 0.603 9.63 0.20 9.71 1.000 

 

Adsorption Thermodynamics 

The thermodynamic parameters such as change in 

Gibb’s free energy (G
0
), change in enthalpy (H

0
) 

and change in entropy (S
0
) for the adsorption of MB 

onto RCP have been determined using the following 

equations: 

The Gibb’s free energy, G, equation is expressed as 

follows (Alshabanat et al., 2013; Donghee et al., 

2010). 

 
The equilibrium constants ( ) were calculated 

according to the following equation: 

 
The Van’t Hoff equation is expressed as follows 

(Alshabanat et al., 2013; Donghee et al., 2010): 

 

Where  is gas constant,  is absolute temperature in 

Kelvin,  and  are entropy and enthalpy 

respectively. The plot of   versus gives 

a linear relationship, which allows the computation of 

 and  values from the slope and intercept 

respectively. 

 
Figure 12: Van’t Hoff plot for the adsorption of MB 

onto RCP 
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Fig. 12 depicts the linear Van’t Hoff equation plot for 

the adsorption of MB onto RCP. Table 3, presents 

the and  values obtained from the Van’t 

Hoff plot including the calculated values. 

Negative   values obtained at all temperatures 

(Table 3) indicated the feasibility and the 

spontaneous nature of MB adsorption onto RCP.  It 

can also be observed from Table 3, that the values of 

 for the adsorption of MB onto RCP decreased 

with increase in temperature. This indicates a rapid 

and more spontaneous adsorption at the lower 

temperature of the adsorption process (Yaneva and 

Georgieva, 2012). 

 

Positive  values from the adsorption of MB onto 

RCP (Table 3) confirmed the endothermic nature of 

the adsorption process (Satish et al., 2011; Ahmad 

and Kumar, 2010). The endothermic nature of the 

process was suggested by the increase in the 

adsorption efficiency with increase in temperature 

(Fig. 7) (Satish et al., 2011). 

 

Positive values of  from MB adsorption onto 

RCP (Table 5) revealed increased randomness at the 

solid/solution interface and good affinity of the 

adsorbent (RCP) for the MB dye (Alshabannat et al., 

2013; Ahmad and Kumar, 2010).  

 

Table 3: Thermodynamic parameters for the 

adsorption of MB dyes on RCP 

Temperature 

(K) 
G

0
 

(KJ/mol) 

H
0
 

(KJ/mol) 

S 
0
(J/mol) 

303 -8.19    

313 -8.69   

325 -10.61 24.526 107.58 

333 -11.38   

343 -12.38   

 

 

Comparison with Other Adsorbents 
Table 4 summarizes the comparison of the maximum 

MB adsorption capacities of various adsorbents 

including RCP. This preliminary study concerning 

the adsorption capacities of RCP indicate great 

potential for the removal of dye stuff from aqueous 

solutions. Although the adsorption capacities are, to 

some extent, lower than many of the reported 

adsorbents, the main advantages are the substantially 

lower cost of the material and easy availability. These 

preliminary results warrant further investigations 

using continuous flow processes. 

 

Table 4: Comparison of Maximum Adsorption 

Capacities for MB Dye onto various Adsorbents  
Adsorbents  qe (mg/g) Reference 

Cashew nut shell 

activated carbon 

68.72 Kumar et al. (2011) 

Walnut dust 59.2 Ferrero (2007) 

Rich husk 40.59 Vadivelen & Kumar, 

(2005) 

Suphuric acid heated 

parthenium 
hysterophorus  

39.68 Lata et al. (2007) 

Citric acid treated rice 

hulls  

33.56 El-Maghraby & El-

Deeb (2011) 

RCP 32.26 This study  

Rice hulls 27.54 El-Maghraby & El-

Deeb (2011) 

RMS 25.36 Kumar et al. (2013) 

Jute processing waste 22.47 Banerjee and Dasidar 

(2005) 

Banana Peel 20.8 Annodurai et al. (2002) 

Cereal chaff 20.3 Han et al. (2003) 

Orange peel 18.6 Annodurai et al. (2002) 

Wheat shells 16.56 Bulut & Ayudin (2004) 

 

CONCLUSION  

This study identified that RCP could be used as a 

potential adsorbent for the removal of MB from 

aqueous solution. The optimal pH for dye uptake was 

at pH 8.0. The percentage uptake of MB increased 

with increasing contact time. A lower initial dye 

concentration and higher temperature favoured the 

dye uptake. Langmuir isotherm model appeared to be 

the most appropriate model to describe the 

equilibrium of the adsorption process with the 

maximum adsorption capacity of 32.26 mg/g. The 

kinetic studies revealed that the adsorption process 

best fit the pseudo-second-order kinetic model. 

Intraparticle diffusion was not the sole rate-

controlling step. The negative values of G
0
 indicate 

that the adsorption process is spontaneous and 

favourable. The positive value of H
0
 and S

0
 

confirm the endothermic nature of the adsorption 

process and suggest increased randomness during the 

adsorption respectively. The present observations 

showed that RCP can be effectively used as an 

inexpensive and efficient adsorbent without any 

pretreatment or modification for the removal of MB 

dye from aqueous solution.        
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