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ABSTRACT 

In this study the adsorption kinetics for removal of victoria blue onthe low cost mahaneem 

leaf powder as an adsorbent has been studied. The effect of different parameters such as pH, 

adsorbent dose and contact time were studied. All measurements were taken at optimum pH 5 

and 30
o
C with maximum removal of dye obtained was 90.12 % . The kinetic obtained data 

were analysed using pseudo first order (R
2
 = 0.9923), pseudo second order (R

2
 =0.9981), 

intraparticle (R
2
 =0.9585), Elovich (R

2
 = 0.9982), Natrajan and Khalaf (R

2
 = 0.9741), 

Bhattacaharya and Venkobachar (R
2
 = 0.9924) and fractional power (R

2
 = 0.9929)models. 

The surface functional groups of adsorbent were identified using FTIR spectroscopy. The 

optimum contact time for sorption was 140 minutes. In this work the use of ecofriendly, 

cheap and locally available adsorbent has been investigated as an ideal alternative to the 

current expensive techniques of removing of victoria blue from waste water. 
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INTRODUCTION 

Water is most common and essential part of all living organisms in nature [1]. Nowadays the 

pollution is a burning issue [2]. Highly coloured, polluted water will commonly have an 

unpleasant taste, but the degree to which this association is causative is recognized [3].Dyes 

are complex aromatic compouds consisting of chromophores and auxochromes. Due to 

aromatic ring these are difficult to biodegrade and remain accumulated in nature[4]. There are 

more than 100000 types of commercially dyes with over 7x10
5
 tonnes of dyes produced 

yearly and nearly10
6
 kg/ year of dyes are discharged into waste streams by textile industries 

[5]. Synthetic dyestuffs are one gruop of organic pollutants are used widely in textile, paper, 

printing industries and dye houses [6]. Several methods were used for treatment of dyes 

containing waste water involved: chemical precipitation, adsorption, ion exchange, 

membrane filtration, coagulation, flocculation [7], aerobic and anaerobic microbial 

degradation, electrochemical treatment, dilution, filtration, flotation, softening, H2O2 catalysis 

and reverse osmosis[8].The adsorption is one of the most common methods used in treatment 

of dye containing waste waterbecause it is cost-effective,operative and simple to apply[9]. 

The number of investigations had shown that the low cost adsorbents such as Calotropis 

procera [10], pandanus [11], sumbal [12], mango peeels [13], rice husk[14] and yam leaf 
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fibers [15] have the potential of being used as alternative adsorbents for the removal of dyes 

from aqueos solutions. 

Victoria blue (VB) is a photosensitizer, which produce a cytotoxic effect in several 

mammalian cell lines. The phenyl amino analogue of Victoria blue B has shown antitumor 

activity in animal systems and the derivatives of Victoria blue have specific cellular sites 

effect and their combination with enough lipophilicity that confirm high level uptake of 

intracellular phototoxic activity [16].The aims and objectives of this paper are to (i) evaluate 

efficient removal of VB using natural mahaneem leaf powder (MNLP) as an adsorbent, (ii) 

evaluate the various experimental parameters affecting the adsorption process including 

initial pH of the aqueous solution of VB, adsorbent dose and contact time, (iii) evaluate the 

parameters of various kinetic models (pseudo first order, pseudo second-order, Elovich 

model, intraparticle diffusion model, Natarajan and Khalaf model, Bhattacharya and 

Venkobachar model and fractional power model)[17]. 

 

MATERIALS AND METHODS 

Biomaterial 

The adsorbent used in the present work was based on natural origin which was modified 

mahaneem leaf powder. The mahaneem (Ailanthus excelsaRoxb) has flat and denser 

leaves.The mahaneem leaves were collected from the local area Salar nagar of Jalgaon city. 

The leaves were washed thoroughly with tap water to remove dust and other impurities. 

 

Preparation of adsorbent 

The cleaned leaves were coocked in boiling water for 30 minutes to remove colouring 

matters, wax and oils. After cleaning , the leaves were sundried 2-3 days and ground into fine 

powder which was soaked into 1% H2SO4 till 24 hours. The biomaterial was further cleaned 

several times with distilled water and then sundried. The dried powder was stored into air 

tight plastic containers.  

 

Preparation stock solution 

The stock solution of victoria blue (obtained from LobaChemie, Mumbai, India) was 

prepared by dissolving 500 mg of dye in 100 mL and made to 1000 mL with distilled water. 

All the chemicals used throughout this study were of analytical-grade reagents [18].  

 

Batch kinetic study 

The 25mL of 10 mg/L of VB solution with 100mg of MNLP of particle size 150 to 355 

µwere shaken on Remi shaker (model RS-12 plus, rpm 250) for 5, 10, 20, 40, 60, 80, 100, 

120, 140 and 160 minutes in different flasks of 100ml capacity at solution pH 5. The 

solutions were withdrawn at different time intervals and the adsorbent was removed from the 

solution by centrifugation using centrifuge machine (Remi 1ML). The absorbance of the 

supernatant solution predicted to determine the remaining dye concentration and measured 

before and after adsorption process by single beam spectrophotometer (Systronics model 

104). All measurements were taken at 30+1
o
C.The adsorption efficiency qt (mg/g) at various 

times was calculated using following equation. 

   
         

 
                                      

 

Where, Co is the initial VB concentration (mg/L), Ct is the concentration (mg/L) of VB 

solutions at given time t, V is the volume (L) of the VB solution and W is the weight (g) of 

MNLP. The percentage removal of VB from solution was estimated using the following 

equation. 
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Where, Ao and A are initial and final absorbance of VB solutions before and after adsorption. 

The consequences of different parameters such as effect of pH, adsorbent dose and agitation 

time were studied. The obtained kinetic data were applied to various kinetics models: pseudo 

first order, pseudo second order, intraparticle, Elovich, Natarajan-Khalaf, Bhattacharya-

Venkobachar and fractional power models.  

 

RESULTS AND DISCUSSIONS 
 

Characterisation of dye 

The VB was characterised by different physical properties shown in table 1. 

 

Table 1: Physicochemical characteristics of VB dye 

Synonyms C.I. number CAS 

number 

Dye 

classification 

Molecular 

formula 

Formula 

weight.(g/mol) 

λmax 

(nm)* 

Basic blue 

B 

44045 2580-

56-5 

C.I. Basic blue 

26 

C33H32ClN3 506 615 

* Experimentally determined value. 

 

Characterisation of adsorbent 

The adsorbent was characterised by various standard methods as mentioned in literatures 

such as: % moiture, % ash [19], bulk density [20], pH, conductivity and pore volume[21].The 

table 2 shows the different physical parameters of MNLP.  

 

Table 2: Physical characteristics of MNLP 

Moisture (% ) Ash (% ) Bulk density 

(g/mL) 

Conductivity 

(S.cm
-1

) 

pH Pore 

volume 

6.80 8.20 0.4228 201.86 6.68 2.4845 

 

FTIR analysis of MNLP 

The surface functional groups of MNLP before and after adsorption of VB were determined 

by Fourier Transform Infrared (FTIR) spectroscopy as shown in figures 1 and 2. FTIR 

spectra in the range of 400-4000 cm
-1 

were recorded by a Perkin Elmer FTIR spectrometer. 

The analyses of spectra are shown in table 3. 

Table 3:Analysis of FTIR data of MNLP/ MNLP loaded withVB  

Frequency (cm
-1

) 

MNLP 

Frequency (cm
-1

) MNLP 

loaded with VB 

Assignment of groups 

3408 3427 O-H stretching (H-bonding) 

2927 2926 C-H stretching 

2856 2854 C-H stretching 

1729 ----- C=O stretching 

1627 1628 C=O stretching 

1534 1534 C=C (aromatic ring) stretching 

1317 1317 C-C and C-O stretching 

1117 1058 C-O stretching 

0781 0781 CH2 bending 
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Fig 1.FTIR spectrum of MNLP   Fig 2. FTIR spectrum of MNLP loaded with VB 

 
 

After adsorption of VB on the surface of MNLP shown that there was reduction in the peak 

heights and disappearance of 1729 cm
-1 

peak and there were some changes in the peak 

positions of the FTIR spectrum. This peak reduction accomplished that there was a strong 

characteristic adsorption of VB on the surface of the MNLP (M. Kumar, et. al, 2014). 

 

Effect of pH 

The activation of functional groups by protonation and deprotonation was highly pH 

dependent which play an important role in the adsorption [22]. The effect of initial pH on the 

amount of VB adsorbed was studied by varying the initial pH of the VB solution containing 

100 mg MNLP by 3, 5, 7, 9 and 11.The remaining experimental parameters were kept 

constant such that (t=140 minutes, adsorbent dose = 100 mg, agitation speed = 250 rpm, T = 

30+1
o
C and particle size = 150 to 355 µ).The adsorption of VB onto MNLP was appreciably 

pH dependent. The % removal was increased from 88.96 to 90.12% from pH variation of 3 to 

5. Hence pH 5 was found to be optimum in this work. The % removal was decreased from 

90.12 to 86.44 % with pH variation from 5 to 11 shown in figures 3 (a). The similar trend was 

observed in work of M. Kumar and R. Tamilarasan (2014). 

  

Fig 3(a): Effect of pH on % removal and (b): Effect of adsorbent dose on % removal of VB 

on MNLP 

 
 

Effect of adsorbent dose 
The effect of the dose of MNLP had evaluated using 50, 100, 150, 200, 250 and 300 mg of 

adsorbents. The remaining experimental parameters were kept constant such that (t = 140 

minutes, agitation speed = 250 rpm, T = 30+1
o
C, pH = 5 and particle size = 150 to 355 µ). 

The % removal increased from 88.04 to 91.03% with enrichment of adsorbent dose from 50 

to 300 mg as shown in figure 3 (b). 
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Effect of time 

The effect of the contact time of adsorption of VB on the MNLP had studied at different time 

intervals of 5, 10, 20, 40, 60, 80, 100, 120, 140 and 160. The remaining experimental 

parameters were kept constant such that (adsorbent dose = 100 mg, agitation speed = 250 

rpm, T = 30+1
o
C, pH = 5 and particle size = 150 to 355 µ). The % removal and adsorption 

efficiency were increased from 46.32 to 90.41 % and 1.15 to 2.26 mg/g respectively with 

agitation time 5 to 160 minutes as shown in figures4 (a) and (b). The obtained optimum 

contact time was 140 minutes. The initially the fast adsorption may due to the more number 

of unoccupied sites existing in initial stage, consequently subsist an increase in driving 

energy of the VB concentration gradient between VB in solution phase and VB on the surface 

of MNLP. The related outcomes were seen in the research of Y. C. Sharma et. al, 2009[23].  

 

Fig 4 (a) Variation of adsorption efficiency with time and (b) Variation of % removal with 

time of adsorption of VB on MNLP 

 
 

Kinetics modelling 

Pseudo first order kinetic model  
The linear integrated form of pseudo first order kinetic model was proposed by Lagergren is 

given below [24]. 

                   
  

     
             

Where qe is the amount of dye adsorbed at equilibrium (mg/L), qt is the amount of dye 

adsorbed (mg/g) at time t, k1 is the first order rate constant (min
-1

). The figure 5(a) presented 

the linear plot log (qe-qt) verses time with R² = 0.9923.The rate constant and amount of 

adsorption are shown in table 4. 

 

Pseudo second order kinetic model 

The differential equation of pseudo-second-order model is represented below. 
   

  
             

                               

The integrated form of pseudo-second-order model is represented below. 
 

    
 

 

     
 
 

 

     
                                

The k2and qe values were calculated from slope and intercept of plot of t/qt versus t is plotted 

in figure 5(b) and presented in table 5. Similar phenomenon was observed for the removal of 

direct red-28 dye using activated carbon prepared from Punicagranatum[25]. The initial 

sorption rate ho(mg/g.min)was calculated by following equationand shown in table 5[26]. 
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Fig 5 (a): Pseudo first order plot and (b): Pseudo second order plot of adsorption of VB on 

MNLP 

 
 

Table 4. Kinetics data for pseudo first order model 

Pseudo first order kinetic data 

qe (exp) qe (the.) k1(min
-1

) t1/2(min
-1

) R
2
 

2.26 1.08 2.07 x 10
-2

 33.48 0.9923 

 

Table 5. Kinetics data for pseudo second order model 

Pseudo second order kinetic data 

qe(exp) qe(the.) k2 

(g/mg/min) 

ho (mg/g.min) t1/2 

(L/mol/min) 

R
2
 

 

2.26 2.26 5.89 x 10
-2

 30.29 x 10
-2

 7.48 0.9981 

 

The intraparticle diffusion model 
The intraparticle diffusion model is fit for the elucidation of the mechanism of diffusion 

process. The mathematical expression for the intraparticle diffusion equation is given below. 

              
 

                             
Where, Kid is the intraparticle diffusion rate constant (mg/g/min

1/2
) and C (mg/g) is the 

intercept. The value of C provided information about the thickness of the boundary layer, the 

resistance to the external mass transfer increase as the value of C increase.  

 

Fig 6 (a):.Intraparticle plot and (b): Elovich plot of adsorption of VB on MNLP 

 
 

The table 6 shows the experimentally determined intraparticle parameters. The graph of qt 

verses t
1/2 

provided a straight line is shown in figure 6(a) with R
2
 = 0.9585 which was nearer 

to unity; signified the application of this model in the uptake of the VB by MNLP. This may 
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ratified that the rate-limiting step is the intraparticle diffusion process. The similar outcomes 

were acquired in the work of T. Santhiet. al, 2010[26]. 

 

Elovich kinetics model 
Elovich kinetics model is applicable for energetically heterogeneous surfaces of solid and is 

expressed by the following equation. 

   
 

 
          

 

 
                             

Where αmg.g
-1

.min
-1
 is the initial sorption rate and β (g.mg

-1
) is related to the extent of 

surface coverage and the energy of activation for chemisorption [27]. The plot of qt verses lnt 

is linear with good correlation coefficient R
2
= 0.9982 shown in figure 6(b).The parameters of 

Elovich plot are shown in table 6. 

 

Table 6. Kinetics data for intra particle and Elovich models                     

Intra particle model Elovich model      

kid 

(mg/g/min
1/2

) 

C  

(mg/g) 

R
2
 

mg.g
-1

.min
-1
 


(g.mg

-1
) 

R
2
 

0.11 1.03 0.9585 2.41 3.13 0.9982 

 

Natarajan and Khalaf kinetics model  

The kinetic equation suggested by Natarajan and Khalaf as mentioned in literature is given 

below. 

    
  

  
  

   

     
                                       

Where Co and Ct are concentration of VB in (mg/L) at time zero and time t respectively.Kad is 

first order adsorption rate constant (min
-1

). The value of Kad was determined from slope of the 

linear plot of log (Co/Ct) verses t as shown in figure 7(a). The table 7 explored the parameters 

of this model [28]. 

 

Fig 7 (a): Natrajan and Khalaf plot and (b): Bhattacharya Venkobachar plot of adsorption of

 
 

Bhattacharya and Venkobachar kinetics model  

The linearized form of Bhattacharya and Venkobachar first order kinetic equation is 

presented as:  

              
   

     
                         

Where, U (T) = [(Co-Ct)/ (Co- Ce)] and Ce is equilibrium VB concentration (mg/L). K is first 

order rate constant (min
-1

) which was calculated from slope of the plot log[1 – U(T)] against t 

with R
2
= 0.9924 shown in figure 7(b) and the kinetic data is presented in table 7[29]. 
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Table 7. Kinetics data for Natarajan-Khalaf, Fractional power and Bhattacharya - 

Venkobacharmodels 

Natarajan and 

Khalaf model 

Fractional power model 

 

Bhattacharya and 

Venkobachar model 

K (min
-1

) R
2
 A b R

2
 Kad (min

-1
) R

2
 

11.51x10
-2

 0.974 0.87 0.19 0.992 20.73x10
-3

 0.992 

 

Fractional power model 

The modified form of the Freundlich equation is fractional power model which can be 

expressed as follow. 

                  
Where a and b are constants with b<1. The values of a and b were calculated from the 

intercept and slope of the plot lnqt against lnt as shown in figure 8. The table 7 shows the 

parameters of fractional power model [30]. The similar results were seen in the work of R 

Venkateshet. al, 2010. 

 

Fig 8: Fractinal power plot of adsorption of VB on MNLP 

 
 

CONCLUSION 

The kinetics of the sorption of VB dye on MNLP has been studied. The removal of VB by 

adsorption process on MNLP as an adsorbent was found to increase with increase in contact 

time and adsorbent dose. The maximum VB removal obtained was 90.12 % at optimum pH 5 

and 10 mg/L of VB. The kinetic assessment of the data showed that the pseudo-second order 

gave a better kinetic description of the adsorption process. The intra particle diffusion model 

indicated the adsorption process involved in a multi ways of diffusion process rather than a 

single mode of diffusion process. The characteristic modification in FTIR spectra before and 

after adsorption of VB on MNLP showed strong adsorption of dye on to MNLP. The present 

study revealed that the MNLP can be used as low-cost, locally available and efficient 

adsorbent for the active removal of VB from waste water. 
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