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Abstract  : 
Malachite green (MG), and methyl violet MV) dyes are  widely used in various industries such as 
textile, leather,  printing,  cosmetics industries for colouring purposes although the carcinogenic, 
and toxic nature of dyes causes detrimental effects in liver, gill, kidney, and intestine of the 
aquatic life.  Thus it remains a  big challenge to the researchers to find out an  eco-friendly , low 
cost , suitable alternative adsorbent for dye removal from industrial effluents.  
On the other hand rice husk is an easily available , cheap agricultural waste material, possessing  
high mechanical strength and chemical stability, abundant functional groups, representing a 
favourable characteristics for adsorbent.  In this work the potentiality of  raw rice husk  for 
adsorption of MG and MV from aqueous solutions has been studied. The effects of various  
parameters such as adsorbent amount,  initial dye concentration, contact time, temperature and 
pH on the adsorption process has been observed .  The Freundlich and Langmuir isotherm 
model showed good fit to the equilibrium adsorption data. The kinetics of adsorption followed 
the pseudo-second-order model .  
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I. INTRODUCTION  :  

Colour is the first contaminant to be recognized in wastewater. Coloured dye effluents are highly toxic 
to ecosystems and aquatic life. It is estimated that 10–14% of textile dyes are discharged into the water 
stream during dyeing process. The presence of dyes in water inhibits the penetration of light and 
photosynthesis activity of water plants. Large number of diseases such as allergy, skin irritation, 
dermatitis and cancer are caused due to synthetic dyes. Methyl violet (MV) is a mutagen and mitotic 
poison, therefore concerns exist regarding the ecological impact of the release of methyl violet into the 
environment . Therefore, treatment of hazardous industrial wastewaters containing dyes is essential for 
sustainable development of environment. Researchers have used different bio-sorbents such as biogas 
waste slurry, tree-fern, moss, bacteria and coffee wastes. But the search for excellent and efficient bio-
sorbent is still continuing. Whereas, adsorption is the procedure where best results for the removal of 
dyes are found. Most commercial systems presently use activated carbon as adsorbent to remove dyes 
from wastewater because of its excellent adsorption ability, but it is not expensive. The other methods 
for colour removal includes reverse osmosis, electrodialysis, ion-exchange. However these methods 
had shown various disadvantages like partial removal, energy generation of toxic sludge, expensive 
process and many other problems. Whereas adsorption separation in the environmental and separation 
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industry is considered nowadays an aesthetic as well as cost effective procedure for removal of 
harmful dyes. 
Colour removal from textile effluent using hard wood and saw dust and charcoal as adsorbent was 
tried by  Asfour et al, Hameed et al and Ferrero  [1]-[3].   Performance of sawdust  for removal 
hexavalent Cr and various dyes has been studied by Siboni1 et. al [4],  Das et.al [6], and Karunanithi et al  
[9].  kinetics of MG onto chemically modified rice husk has been studied by Chowdhury et al [7] , and 
Safa et al  [11],  . Sharma et al [5] studied the performance characteristic  of timber industry wastes for 
removal of various dyes from textile wastes.  The aim of the present study was to investigate and 
explore the possibility of using rice husk for adsorption of MG and MV from aqueous solutions. The 
study includes an evaluation of the effects of various operational parameters  

such as initial dye concentration, solute concentration, pH effect and temperature on the dye 
adsorption process. The adsorption kinetic models, equilibrium isotherm models were also studied. 
 
II. MATERIALS AND  METHOD : 
Malachite green (Molecular formula: C23H25N2Cl) and methyl violet (C24H28N3Cl) used in this study was of 
commercial quality . Stock solution (1000 mg L−1) was prepared by dissolving accurately weighed 
quantity of the dye in double-distilled water. Rice husk used was obtained from a local rice mill of 
Burdwan , West Bengal, India.  It was washed repeatedly with double-distilled water to remove dust 
and soluble impurities followed by drying at 323 K for 6 h.  After drying, it was grinded and  stored in 
sealed glass containers.  
Experiments were carried out by shaking various quantities of adsorbents (5 to 15 gm/l  of RH ) and 
using different concentrations of effluent from 5 to 50 mg/l  at various temperature. All the samples 
were kept in a constant temperature and magnetically stirred  at 280 r.p.m. for different contact time of 
5 to  120 min.   The percentage of adsorption is determined  by spectrophotometer  at wave length of 
618 nm and 583 nm for MG and MV respectively .  
 
III.  RESULTS AND DISCUSSION  : 
 
3.1 The effect of adsorbent amount and  contact time on dye removal :  
The effect of adsorbent amount and  time of contact on the percentage removal of  MG and MV is 
shown  in fig 1.  It also shows that adsorption increases with contact time, and it attend equilibrium at 
about 60 minutes . It was observed that sorption percentage decreases from 97% to about 93% for 
methyl violet whereas it decreases from 98% to 84.2% in case of malachite green for increase of solute 
concentration  .  Results  also indicate that about 97 % removal of MG  may be achieved  using 15 
gm/l rice husk  from solution containing 10 mg/l  dye . The results agree with the report  of other 
investigators [6- 8 ] and the theoretical expectation , i.e as the surface area of the adsorbent increases it  
results into higher percentage of solute removal. 
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                           Fig . 1 :  Effect of adsorbent amount and contact time on 
                                        removal   of MG and MV dyes  (solute 10 mg/l)          
 
 
3.2 The effect of solute concentrations and time of contact on dye  removal  : 
The effect of concentration on removal of dye is shown in Fig 2.  It was  noted that percentage 
removal of dye decreases with increase of concentration. This is because at lower concentration, the 
ratio of available surface area to  moles of dye  is higher. But with the increase of  solution 
concentration this ratio  decreases due to unavailability of vacant surfaces after monolayer formation. 
Similar  adsorption characteristics have been reported by  other researchers also [7 ]- [8]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       
                
                         Fig . 2 :  Effect of solute concentration on removal of   dyes                         
                                   using   10gm/l   Rice Husk   from various solution. 
 
3.3 Effect of temperature on removal of dyes:  
The adsorption of dye increased with increase in temperature indicating that a high temperature 
favoured MG removal by adsorption on to rice husk. The enhancement in adsorption with rise in 
temperature may be attributed to increase in the number of active surface sites available for 
adsorption, increase in the porosity and in the pore volume of the adsorbent. An increase of 
temperature increases the rate of diffusion of the adsorbate molecules across the external boundary 
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layer and within the internal pores of the adsorbent particle, due to decrease in the viscosity of the 
solution. The enhancement in adsorption may also be a result of an increase in the mobility of the dye 
molecules with an increase in their kinetic energy.  Anomalous behavior is shown at 333 k where 
percentage  removal is decreasing  may be due to desorption of dye at higher teperature. 
 
 
 
 
 
 
          
 

 

           

 

                         Fig 3: Effect of temperature on the adsorption of MG  
                              on rice  husk  ( adsorbent  10.0 g /L,   solute  20 mg/l ) 
 
3.4 Effect of pH on removal of dyes:  
The effect of pH on the removal efficiency of MG was studied at different pH ranging from 2.0 to 9.0. 
It can be seen that adsorption of MG was strongly pH-dependent. The trend shows that rice husk being 
alkaline in nature it gives better removal around pH 7 to 8, it removes only  85% of dye at pH 2-5.  
 
 
 

                       
                          Fig 4. Effect of pH on removal of of MG and MV   
                                    (Solute -20 mg/l ,  RH  :10 gm/l) 
 
IV. ADSORPTION KINETICS : 
Adsorption kinetics model are very important  in this process of removal of heavy metals from 
industrial wastes or from aqueous solutions.  Different reversible models are tested as bellows. 
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4.1 First order reversible reaction  model: 
The adsorption of Malachite Green or Methyle violet dye  “A”  from solution  on fly ash “B” may be 
considered as reversible reaction [6] 
Considering  CA0  as the   initial concentration of dye in the solution, in moles / litre ,   CA as 
concentration of dye in the solution at  time “ t”, in moles /litre ,   and CB is the concentration of dye 
on the adsorbent,  sawdust  at  time “ t”, in  moles /litre.  If the equilibrium concentration of solute in 
the solution and on adsorbent are  indicated by CAeq  and CB eq , then  the rate equation will be as 
  - d CA/ dt  =  K1CA   -  K2 CB           ………  (1) 
  KC =  K1 / K2   =  CB eq /  CA       …….. (2)      
                      CB = CA0  -  CA        …….. (3)    
From eqn.  (1 & 3 )  the rate equaion for the above reaction can be written                        
     - d CA/ dt =  KT (CA  -  K2/ KT.  CA0)  ….  (4)             
Integrating  the eqn. (4) with  limit  CA0    to   CA  for time “ 0”  to “t”  and rearranging  we get, 
                          Ln [ 1 – U(t)]   =  - KT.t,    ……  (5)      
 
Where U (t) is the  fractional  attainment of equilibrium and  is given  by  ( CA0 - CA)  /   ( CA0 - CAeq ) 
, K T   is the sum of   K1 and K2 , where K1  and  K2   are the   rate constant for adsorption and 
desorption respectively  ,  KC  the equilibrium constant.  Using equation (5),   ln [ 1- U (t) ]  Vs.  time “ 
t ”  were plotted at various temperature and concentrations,   
 
4.2  Lagergren  Pseudo  First order  Model: 
The adsorption kinetics may be described by  Pseudo  First order reaction model   as expressed below .         
dQe / dt = k1(Qe  –Q)    ……..(6)   
Where ‘Qe ’ is the amount of solute adsorbed at equilibrium per unit mass of adsorbent and ‘Q ’ is 
amount of solute adsorbed at any time ‘t’, and ‘k1 ‘ is the rate constant. Aplying boudary conditions 
and simplifying Eqn.  (6) one may obtained    Log (Qe– Q)    =  log Qe – k1.t/2.303  ……..(7).  Pseudo 
1st order model for MV and MG on RH is shown in Fig.5. 
            
 
               
                      
    
 
 
 
 
                    
 
 
 
                
  
 
                   Fig.  5 : Lagergren  Pseudo 1st Order Model  for  Sorption     
                                of  MG and  MV, (RH  : 10 gm/l  dye : 40 mg/l)         
 

R² = 0.967

R² = 0.973

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0 20 40 60 80 100

lo
g(

Q
e-

Q
t)

Time (min)

MG 10 mg/l MV 10 mg/l

http://www.ijntse.com


Dr. Radha Das, et. al. / International Journal of New Technologies in Science and Engineering 
Vol. 2, Issue. 6, 2015, ISSN 2349-0780 

Available online @ www.ijntse.com                                                                                         70 

 
4.3 Pseudo  second  order  reaction kinetics : 
A  Pseudo  second  order  reaction model may also be applicable for this sorption process and 
Equation for this reaction may be written as       dQe / dt = k2(Qe  –Q) 2     ………(8) 
Intigating the  Eqn.(8)  and applying boundary conditions as t=0 to t>0 and Q =0 to >0   the following 
Eqn. may be achieved 
t/Q = 1/(k2 Qe

2)  + t/ Qe 
      =  1/h +  t/ Qe       ……….(9)  
Where h = (k2 Qe

2)   and is known as initial sorption rate. The kinetics plot of t/Q versus t as per 
equation (9) were made at different concentration (Fig.6). Result shows that it follows Pseudo  Second 
order reaction kinetics which also agree with the results  of other researcher’s.  
  
 
 
 
 
 
 
 
 
 
 
 
        
 
 
          
 
 
   
                  Fig  6:   Pseudo Second order reaction kinetics   for  sorption 
                               of  MG and MV (RH : 15 gm/l  ,  T : 300K) 
 
 
 
   V.  ADSORPTION ISOTHERMS : 
 

 5.1 Langmuir Adsorption Isotherm : 

The experimental results obtained from Ricehusk  – Malachite green or Methyle violet   adsorption 
process  at 260 C have been correlated with the following rearranged Langmuir model of adsorption . 
Ce / Qe  =  1/ (Q0 b)  +  Ce / Q0  …….  (10)  
Where Q0 and  b  are Langmuir constants related to the capacity and energy of adsorption respectively. 
The plot of  Ce / Qe   Vs.   Ce  is shown in fig.7 . The linear plot with satisfactory regression coefficient 
of 0.999   suggests the applicability of the Langmuir isotherm for the systems. It also indicates the 
formation of monolayer coverage at the outer surface of the adsorbent.  
 
 
 

R² = 1

R² = 1

0.00

2.00

4.00

6.00

8.00

10.00

12.00

0 20 40 60 80 100 120

t/
Q

Time ( min )

MV  10 mg/L
MG 10 mg/L

http://www.ijntse.com


Dr. Radha Das, et. al. / International Journal of New Technologies in Science and Engineering 
Vol. 2, Issue. 6, 2015, ISSN 2349-0780 

Available online @ www.ijntse.com                                                                                         71 

 
 
 
  
                                                                                              

                        
 
 
 
 
 
 
 
 
                      Fig. 7 : Langmuir Isotherm for MV and MG  sorption                
                                             (T =  303 K,  RH  = 10 gm/l) 
 
5.2 Freundlich Isotherm : 
 Applicability of the Freundlich Isotherm for this  present system has  also been found out by 
correlating the results using the  Freundlich equation as      

  X/M  = Qe =  K.(Ce )11/n                     ……(11) 
 log (X/M)  =  log K  +  1/n log Ce ……(12) 
  Here  X/M  or  Qe  is  surface load in (mg/gm).  The plot of  log (X/M)  Vs  log Ce    is shown in 
    Fig 8.   
 
 
 
 

                    Fig.  8 :  Fruendlich  Isotherm for sawdust   MG  adsorption 
                                      (T =   303 K,  RH = 10 gm/l)   
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 VI . CONCLUSIONS:  
 Kinetic studies show that both pseudo 1st order and pseudo second order model is applicable fpr the 
adsorption of MG and MV dyes on RH, but second order model   fits well than the 1st order. The 
linear plot and the satisfactory values of  correlation coefficients suggest the applicability of both  
Freundlich's as well as Langmuir's model for this  adsorption process [8]. Maximum  adsorption 
capacity obtained for MG and MV are 9.8 and 10.30 mg/gm using raw RH only. The capacity may be 
increased by chemical treatment of RH.  Since availability of rice husk is not restricted, regeneration 
of used up adsorbents is not essential. Thus it may be concluded that rice husk  generated from rice 
mill  has good potential and it may be utilized as low cost  bio-adsorbent for dye removal from textile 
effluents. 
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