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Wastewater from textile and dyeing industries 
contains residual dyes, which are not readily 
biodegradable, are the major contributors to water 
pollution and pose serious threat to the 
environment. Highly colored wastes are not only 
aesthetically displeasing but also hinder light 
penetration and may in consequence disturb 
biological processes in water bodies. Moreover, 
dyes itself are toxic to some organisms and hence 

[1]disturb the ecosystem . Many studies have been 
conducted on the toxicity of dyes and their impact 

[2]on the ecosystem  as well as the environmental 
issues associated with the manufacture and 
subsequent usage of dyes . Most of the used dyes 
are stable to photo-degradation, biodegradation 

[3]and oxidizing agents . Hence, investigations have 
been conducted on several physical or chemical 
methods of removing color from textile efuent. 
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ABSTRACT

The rapid industrialization and urbanization have resulted in the deterioration of air, water and land 
quality. With increase in population,dyeing industries have also increased in number. The colored 
effluents from industries such as leather ,textile, dyeing , distillery ,paper and pulp cause significant 

[1]
health and environmental concerns to the public and cause un-aesthetic conditions , as colored water is 
led into the streams untreated. The intake of these dyes not only harm human being but are also toxic to 
aquatic and animal life. To safeguard human health from the toxic effect of dyes, it is essential that these 
dyes should be removed from the contaminating solutions.Hence if a cheaper and easily available 
adsorbent can be found; the treatment of toxic dyes present in the solution can be possible. In pursuance of 
this objectives present research work has been carried out for the adsorption of dyes utilizing indigenous 
adsorbent materials namely- Neem bark powder (NBP). The bark powders is generally considered as 
waste for agricultural industry and are abundantly available in Asia. The substrate materials were 
characterized by IR-analysis and Scanning Electron Microscopy analysis. This research paper deals with 
the use of low-cost, easy obtained, high efficiency and eco-friendly adsorbents as an ideal alternative to 
the current expensive methods of removing dyes from wastewater.
This study investigates the potential use of Neem bark powder (NBP) for the removal of Indigo Carmine 
(I.C) and Methylene Blue (M.B) dyes from simulated wastewater. The effects of different system variables, 
adsorbent dosage, initial dye concentration, pH and contact time were studied. The results showed that as 
the amount of the adsorbent increased, the percentage of dye removal increased accordingly. Optimum 
pH value for dye adsorption was different according to the nature of the dyes. The adsorption of both the 
dyes was found to be a pseudo-second-order rate equation and fit well with Langmuir equation, better 
than Freundlich equation. The maximum removal of I.C was obtained at pH 2 and M.B at pH 10. The 

3 3 -1maximum adsorption capacity obtained from Langmuir equation was 4.02 x10  and 3.11x10  mol g  for 
I.C and M.B on NBP. Furthermore, adsorption kinetics of I.C and M.B were studied and the rate of 
adsorption was found to conform to pseudo-second-order kinetics with a good correlation (R2 > 0.99) 
with intra particle diffusion as one of the rate determining steps. Thus low-cost NBP can be an attractive 
option for dyes removal from diluted industrial effluents.

Keywords: Adsorption; Dyes; Kinetics; Neem Barkpowder; Thermodynamics; Wastewater Treatment 

INTRODUCTION

DYE REMOVAL THROUGH ECO-FRIENDLY AND 
ECONOMIC VIABLE ADSORBENT
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[7]These studies include the use of coagulants,  ultra-
[11] [12] [15]

ltration,  electro-chemical,  and adsorption  
techniques. The advantages and disadvantages of 
each technique have been extensively reviewed, 
among these methods, adsorption has been found to 
be an efcient and economic process to remove 
dyes, pigments and other colorants. Such low cost 
adsorbents have been investigated at the laboratory 
scale for the treatment of colored efuents. 
The dyes whose removal is investigated are- Indigo 
Carmine and Methylene Blue. Both these dyes are 
frequently used in dye industries and have toxic 
effects. Indigo carmine dye touch can cause skin 
and eye irritation to human being. It can also cause 
permanent injury to cornea and is carcinogenic in 
nature and can lead to reproductive, develo-

[11]
pmental, neuro and acute toxicity .
Methylene blue on inhalation can give rise to short 
period of difcult breathing and may also cause 
nausea, vomiting and gastritis. A large amount of 
intake cause profuse sweating, mental confusion 

[12] and methemoglobinemia-like syndrome . The 
adsorbent which is used in thepresent study is 
Neem bark powder as Neem tree is native to the 
Indian sub-continent [kgbhatt] and its leaves, seeds 
and bark has been used traditionally to treat a 
number of human ailments. Studies were carried 
out to develop the efciency of the adsorbent, 
adsorption batch and kinetic studies were 
performed.

 LITERATURE REVIEW
Currently sorption process is proved to be one of 
the effective and attractive processes for the 
treatment of these dyes bearing wastewater. Also 
this method will become in expensive if the sorbent 
material used is of cheap or inexpensive material 
and does not  require any expensive additional pre-
treatment step.Below, a list of adsorbents are given 
(Table 1) which are successful in removing M.B 
and I.C dye from wastewater.

MATERIALS AND METHODS
1. Dye solution preparation
An accurately weighed quantity of the dyes,(Indigo 
Carmine and Methylene Blue ) were dissolved in 
double-distilled water to prepare stock solution. 
Experimental solutions of the desired concentr-
ations were obtained by successive dilutions. Dye 
concentration was determined using absorbance 
values measured before and after treatment using 
spectrophotometer. Experiments were carried out 
at initial pH values ranging from 2 to 10.

2. Sorbent
Neem bark used in the present work was collected 
from local wood shops. The collected barks were 

washed with permuted water several times to 
remove dirt particles and water soluble materials. 
The washed materials were then completely dried 

0
in an air oven at 105–110 C for 24 h till the barks 
could be grinded into ne powder by the local 
mixer grinder. The products so obtained were 
sieved to the desired particle sizes such as 
150—212 mm. Finally, the product was stored in a 
vacuum desiccator until required. The developed 
powder is NBP. The powder having 150–212 mesh 
size was used in both the sorption and kinetic 
studies unless otherwise stated. The surface 
structure of NBP was analyzed by scanning 
electronic microscopy (SEM).
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Fig. 1: SEM image of Methylene Bark

3. General ranges of experimental parameters
Sorption studies were performed by the batch 
technique to obtain rate and equilibrium data. The 
batch technique was selected because of its 
simplicity. For isotherm studies, a series of 100 ml 
conical asks were   employed. Each conical ask 
was lled with 50 ml of dye solution of varying 

_ 1 _ 6 _ 1 _ 4
concentrations (mol g x10 ,mol g x10 ) 
separately and adjusted to the desired pH and 

[26]
temperature .

RESULTS AND DISCUSSIONS
1. Effect of pH
Fig. 2 represents the percentage removal of I.C and 
M.B by NBP which were optimum at pH 2.0 and 
pH 10.0. Several reasons may be attributed to dye 
sorption behavior of the bio-sorbent relative to 
solution  pH. The surface of bark powder may 
contain a large number of active sites and the solute 
(dye ions) uptake can be related to the active sites 
and also to the chemistry of the solute in the 
solution. This can be explained by considering the 

[25]
zero point charge .

(a) (b)

Fig.2:  Effect of pH (A) Indigo carmine, (b) Methylene blue.

2. Effect of contact time and initial 
concentration
The sorption efciency of I.C and M.B increased 
gradually with increasing contact time. At this 
point, the amount of dye being sorbed  onto the 
sorbent was in a state of dynamic equilibrium with 
the amount of dye desorbed from the sorbent. The  
contact time needed for I.C and M.B solutions to 
reach equilibrium was 150 and 120 min for I.C and 
M.B. It is also noticed that an increase in the initial 

dyes concentration leads to a decrease in the 
percentage of I.C and M.B .As the dye/sorbent ratio 
increases, sorption sites are saturated, resulting in 
decrease in the sorption efciency. Thus it can be 
said that the sorption is increased instantly at initial 
stages (due to rapid attachment of dye to the surface 
of the sorbent) and then keeps increasing gradually 
until the equilibrium is reached and remains 

[24]
constant . (Table 2)
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3. Effect of sorbent dosage
An increase in the Neem bark dose from 0.5 to 2 
g/50 ml increases the percentage of dye removal 
from aqueous solution from 68.45% to 39.65% for 
I.C and 64.45% to 36.89% for M.B (Table 2). This 
may  be attributed to increased sorbent contact area 
and availability of more sorption sites resulting 
from the increased dose of the sorbent. The increase 
in sorbent dose at constant dye concentration and 
volume will lead to un-saturation of sorption sites 
through the sorption process.This is because a xed 
mass of the adsorbents can only sorb a certain 
amount of dye. Therefore, the higher the sorbent 
dosage is, the larger the volume of efuent that a 

[21]xed mass of NBP can purify .

4. Effect of temperature
The sorption studies were carried out at three 

0different temperatures 10, 25 and 40 C. The 
removal percentage of I.C and M.B, increase with 
the increasing temperature, i.e. from 38.25% to 
63.98% and 35.25% to 62.09% for adsorbent 
(NBP), indicating that the sorption is an 
endothermic process (Table 2). This may be a result 
of increase in the mobility of the dyes with 
increasing temperature. Furthermore, the 
enhancement in the sorption capacity might be due 
to the enhancement of sorptive interaction between 
the active sites of sorbent and sorbate ions. It can 
also be said that increasing temperature may also 
produce a swelling effect within the internal 
structure of the adsorbents enabling more dye 

[22]molecules diffusion into the sorbents .

Table 2: Percentage removal of I.C and M.B at different temperatures, dye concentrations and 
adsorbate Doses.
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5. Isotherm analysis
The analysis and design of sorption process 
requires the relevant adsorption equilibria, which is 
the most important piece of information in 
understanding an adsorption process. Sorption 
equilibria provide fundamental physiochemical 
data for evaluating the applicability of sorption 

[23]
process as a unit operation . To facilitate 

estimation of the adsorption capacities the two 
well-known equilibrium adsorption models, 

[5] [14]Freundlich  and Langmuir  models were 
employed (Fig.3). After intense observation it was 
found that Langmuir tted the best. Table 3   
represents the data analysis. Followings were the 
equations in which the data was  tted. Langmuir 
(eq.1), Freudlich  (eq. 2).

0 0)                                                                                                                                                     
Ce/qe=  (1/bQ ) +(Ce/Q (1)
Ln qe =   lnK  + 1/n lnCe                                                                                                             (2)F

(a) (b)

Fig. 3:  Langmuir Isotherm for the removal of (a) Indigo carmine (b) Methylene blue by MBP at three 
different temperatures.

6. Adsorption kinetics study
Successful application of the adsorption demands 
innovation of cheap, non-toxic, easily available 
adsorbents of known kinetic parameters and 

[19]adsorption characteristics  .  Adsorption kinetics 
can be modeled by applying pseudo-rst-order 

[6]Lagergren equation  and pseudo-second-order 
[6]

model  where qe and qt are the amounts of dye 
adsorbed at equilibrium and at time t, respectively, 

and k1 is the rate constant of pseudo-rst-order 
_1sorption (L min ). The parameters of the pseudo-

rst-order model are summarized in (Table 4). The 
values of determination coefcient for the plots 
were in the range 0.770–0.978 (g not shown). This 
nding suggested that the sorption process does not 
follow the pseudo-rst-order rate equation.
Pseudo-rst-order rate equation is presented as 
follows-

Log (q -q ) = log q –(k /2.303) t                                                                                     (3)e t e 1

An expression of the pseudo-second-order rate is given below-
et/qt = (1/k q t+ 1/qe)                                                                                                    (4)2 2

Table 3:. Langmuir and Freundlich isotherm constants for the adsorption of I,C and M.B on NBP 
 

Langmuir Constant       10
0
C                                 25

0
C                                                       40

0
C 

 

 
Adsorbate                  Q0         b           R2                    Q0         b             R2                                           Q0                b                R2 

   

   I.C                   3.25       5.76     0.99              3.78      6.22      0.99                      4.02        7.01        0.99 
   M.B                 2.55      3.73      0.99              3.01       5.34      0.99                     3.11        5.65        0.99 
Freundlich Constant  
                            10

0
C                                          25

0
C                                                       40

0
C 

               Kf               1/n      R
2
                      Kf               1/n       R

2                                         
 Kf           1/n          R

2 

I.C         1.35         1.93     2.22                   0.16         0.32      0.81                          0.98       0.97      0.97 
M.B       1.15         1.89      2.11                   0.13        0.27       0.61                         0.97       0.98      0.99 

Q
o
= x10

3

 molg
-

1

, b=x10
-

2

 mol g
-

1
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where K  is the pseudo-second-order rate constant 2
_1 _1

(g.mol  min ), q  is the amount of dye sorbed at e
_equilibrium (mol g 1), and qt is the amount of dye 

cation on the surface of the sorbent at any time t 
_(mol g 1). The plots of t/qt versus t give a straight 

line for all the initial dye concentrations for both the 
dyes. The parameters of the pseudo-second-order 
sorption kinetic model are summarized in Table 4. 

The determination coefcient values of the pseudo-
second-order model exceeded 0.99 in both the 
cases (i.e. removal of I.C and M.B by NBP) and the 
calculated sorption capacity values determined 
from pseudo-second-order model were more 
consistent with the experimental values of sorption 
capacity.

Table 4 : Comparison of kinetic parameters for the adsorption of IC and M.B NBP.
 
 

 
                         qe,exp (x10

4
 molg

-1
)                              q e, cal

-1
(x10

4
 molg

-1
)                q e, cal

-2
(x10

4
 molg

-1
                      

Adsorbate   10
o
C       25

 o
C       40

 o
C             10

 o
C          25 

o
C      40

 o
C            10

 o
C        25

 o
C       40

 o
C 

 
I.C                2.51       3.11        3.51                1.41           2.18        2.77             2.45         3.01         3.25 
M.B 

             
2.19

       
2.98

        
3.12

                
1.28

           
2.19

        
2.51

             
2.08

         
3.03

         
3.09

 
 

 
 

7 .     R  FACTORL

The essential characteristics of the Langmuir 
i so therm can  be  expressed  in  te rms  of 
dimensionless constant separation factor or 
equilibrium parameter, R , given by L

R  =1/1 + bC    (5)L 0

Where b is the Langmuir constant and C  is the 0
[16]

initial concentration of adsorbate . The parameter 
R  indicated the shape of isotherm as follows                                                                           L

Value of R  Type of isothermL

R > 1               UnfavorableL

R  = 1               LinearL

0<R < 1           FavorableL

R  = 0              IrreversibleL

The calculated R  values versus initial L

solute concentration at three different temperatures 
represent that at all temperature conditions, 
sorption was found to be more favorable at higher 
temperatures (Fig 4). The R  values lies between 0 L

and 1, indicating favorable adsorption of all the 
three adsorbates on adsorbent (NBP) which has 
been  developed  from the waste material and is 
thus cheap and economical.

(a) (b)

Fig.4:    R  values at three different temperatures for (a) IndigoCarmine and (c) Methylene blueL
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8. THERMODYNAMIC PARAMETERS
The data obtained from Langmuir adsorption 
isotherm graph were further used to evaluate the 
thermodynamic parameters, i.e. change in standard 

0 0free energy ∆G , change in enthalpy ∆H  and 
0 change in entropy ∆S were calculated. The values 

obtained from thermodynamic analysis are given in 
Table 5.The results depict that the reaction is 
endothermic and feasible in nature.
Table 5:   Thermodynamic parameters for   the 
adsorption of Indigo carmine and Methylene blue 
over Mango bark powder.

MECHANISM FOR REMOVAL OF INDIGO 
CARMINE AND METHYLENE BLUE
Mechanism of adsorption based on pH studies:
  It is evident from the tables and graphs given in the 
above chapters that adsorption of Indigo carmine 
takes place between the pH range of 2-5 on the 
adsorbent where as maximum adsorption for 
Methylene blue takes place at a higher pH range i.e. 
9-10 over the adsorbent. The above effects have 
been explained on the basis of following 

approaches:-
( I su r f ace  hyd roxy la t i on  and  ac id -base 
dissociation-
The adsorbents used here are rich in phenolic, 

- -COO , SO  groups. These groups when mixed with 3

dye solution undergo surface hydroxylation and 
form surface hydroxyl compounds which give 
positively or negatively charged surface as a result 
of their subsequent acid-base dissociation 
according to following scheme-z

CONCLUSION
The results of this work suggest that the recycling 
of an agricultural waste byproducts act as  an  
excellent alternate adsorbent for the removal of  
toxic dyes over other  expensive methods.
1. The experimental data produced perfect t 

with the Langmuir isotherm for both the  dyes, 
this suggests the monolayer coverage of I.C 

3and M.B with adsorption capacity as 4.02 x10  
_1 3 _1mol g  and 3.11x 10  mol g .

2. The rate of adsorption of I.C and M.B onto 
NBP increased with increasing temperature 
thus suggesting the reaction to be spontaneous 
and endothermic in nature.

 Clearly , there is an urgent need to create 
awareness for pressing environmental 

problems and to develop solutions in close co-
operation between science , governments, 
industries and other relevant stakeholders.

  The research and development in the area of 
water treatment has to reach real applications 
where needed as early as possible.

 The operation cost is considerable when the 
process has to reach the poor people especially 
in the developing and underdeveloped 
countries, where water scarcity is very high.

 This will happen when science opens the gates 
to exchange information by providing a good 
platform for environmental and analytical 
scientist.

                                  -∆G                                         ∆H                              ∆S  

Adsorbates         10
0 

C        25
0
 C         40

0
C 

(M. G)               07.46        10.19        12.31                  11.15                        0.08  

(I.C)                  11.34         16.99        18.65                  19.25                        0.48  

(M.B)                 13.54       18.02         23.88                  21.91                        0.44  
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Scope of the present work
In the coming decades, water scarcity may leads to 
social and political instability, water wars and 
diseases, unless new ways to supply clean water 
are  found. Increased public awareness has led 
governments and organizations worldwide to issue 
strict water pollution regulations. Nowadays there 
is a continuously increasing worldwide concern for 
the development of wastewater technologies.
In developing countries like India, textile and 
related industries are growing fast. During dyeing 
operation processes a large volume of wastewater 
is let into the aquatic system and  land , without 
proper treatment
 The following are some aspect/ scope which can be 

further studied -
1. Removal of other toxic dyes using Eucalyptus 

bark powder, Mango bark  powder  and Neem 
bark powder.

2. Detailed pilot plant batch studies may be carried 
out for the developed laboratory   scale 
process to ascertain and conform the 
laboratory results at  pilot plant scale.

3.� Economic feasibility and cost estimate of the 
process developed may be � carried out.

     After the removal of the dyes the adsorbent 
containing the dye can be burned and then 
there will be no problem of waste disposal.
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