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ABSTRACT 
 

The water nut activated carbon (WNAC) has been employed as adsorbent for 
the removal of Malachite green dye from waste water. The nature of possible 
adsorbent and dye interaction was examined by the FTIR and SEM technique. The 
adsorption of MG was found to be maximum (91%) at pH 8.  The extent of removal 
of MG was found to be dependent on adsorbent dose, temperatures and times. 
Thermodynamic parameters (∆H0 and ∆G0) suggest endothermic and spontaneous 
process. Kinetic studies show better applicability of second order kinetic model.  
The practical utility of WNAC was demonstrated by removing MG from pure 
solution and industrial effluent system by column process. It was found that removal 
efficiency of WNAC was better by pure solution. The breakthrough capacities of 
pure solution and industrial effluent systems on WNAC are found to be 40 and 25 
mg/g, respectively. 
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INTRODUCTION 
Colored compounds comprising 

pigments and dyes are used widely in textile, 
plastic, food, dyeing, paper, printing, 
pharmaceutical and cosmetic industries. 
Textile processing industries now a days are 
widespread sectors in developing countries. 
Among the various processes in the textile 
industry, dyeing process uses large volume 
of water for dyeing, fixing and washing 

processes. Thus, the wastewater generated 
from the textile processing industries 
contains suspended solids, high amount of 
dissolved solids, un-reacted dyestuffs (color) 
and other auxiliary chemicals that are used in 
the various stages of dyeing and processing. 
These dyes color the water and make 
penetration of sunlight to the lower layers 
impossible and hence affecting aquatic life. 
Many of these are toxic or even 
carcinogenic1. Polluted water not only 
damages plants and animals, but also harms 
the environment. Discharge of these into 
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water bodies would pollute the water and, by 
their toxicity, make it unfit for aquatic life. 

The conventional method of textile 
wastewater treatment consists of chemical 
coagulation, biological treatment followed by 
activated carbon adsorption. Currently 
sorption process is proved to be an effective 
process for the removal of pollutants from 
wastewaters2. Sorption process includes the 
selective transfer of solute components in the 
fluid phase onto the surface or onto the bulk 
of solid adsorbent materials. The most 
commonly used method to design the 
adsorption system is by having the 
information on sorption kinetics. The 
analysis and design of adsorption separation 
process require the relevant adsorption 
equilibrium, which is the most important 
piece of information in understanding the 
adsorption process. 

The common adsorbent, activated 
carbon, has good capacity of removal of 
pollutants3. But its main disadvantages are 
the high price of treatment and difficult 
regeneration, which increases the cost of 
wastewater treatment. Thus, there is a 
demand for other adsorbents, which are of 
inexpensive material and does not require 
any expensive additional pretreatment step. 
So the adsorption process will become 
economically viable. A successful adsorption 
process not only depends on dye adsorption 
performance of the adsorbents, but also on 
the constant supply of the materials for the 
process. In recent years, some papers had 
reported several kinds of low cost adsorbents 
such as leaf4, fly ash5,6, activated carbon7,8, 
red mud9,10, for the removal of Dyes from 
aqueous solutions. Among the physical 
methods available, adsorption is found to be 
the most effective treatment for the removal 
of colour from wastewater.  

In India, water nut shells litter around 
streets especially in the eastern areas and 
they constitute environmental nuisance. It is 
anticipated that this work would about the 
environmental nuisance if the water nut shell 
are been processed into granulated water nut 
activated carbon (WNAC) for the removal of 
different contaminants likely to be 
encountered in dye containing industrial 
wastewaters. Hence, agricultural wastes such 
as water nut shell could be important for the 
removal of dyes in wastewater. 

Thus, the potential for using agricultural 
waste (water nut shell) that litter our 
environment may be valuable resources for 
removal of organic matter from industrial 
wastewater.  

MATERIAL AND METHODS 
Preparation of charcoal from water nut 
shell  

Water nuts shells, an agricultural waste, 
was washed, crushed and finally ground in a 
laboratory mill to a size of 100 mesh (BSS 
standard) particles size and afterwards dried 
in an air oven. A standard scheme of 
activation was followed, impregnation with 
phosphoric acid followed by carbonization at 
500 0C.  This temperature to be an optimum 
with many agricultural raw materials11-16 
introduced in a tube furnace and heated 
slowly to 500 0C where it stayed for 2 h. 
Produced carbonized material was washed 
thoroughly with hot water and dried till 
constant weight. The acid treated activated 
carbon obtained was dried overnight in an 
oven at 110°C, cooled at room temperature, 
and stored in a dessicator until use.  
Dyes and Chemicals  

Malachite green [4-[(4-dimethylamino 
phenyl)-phenyl-methyl]-N, N-dimethyl 
aniline], a cationic triphenylmethane dye 
used worldwide as a fungicide and antiseptic 
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in the aquaculture industry was a G.R. 
Product of CDH, India and was used as 
received. The substance is considered as 
toxic. All chemicals used were of analytical 
reagent grade and supplied by CDH India. 

 
Structure of Malachite green [4-[(4-

dimethylaminophenyl)-phenyl-methyl]-N, N-
dimethyl-aniline]  

Adsorption studies 
The adsorption was performed by batch 

as well as column experiments. Adsorption 
experiments were carried out by agitating the 
adsorbent in 50 ml of dye solution of desired 
concentration (10 ppm) and pH at room 
temperature (29+2°C) in a rotary shaker at 
200 rev.min-1. The samples were withdrawn 
from the shaker at predetermined time 
intervals, and the colour of the supernatant 
solution measured spectrophotometrically 
using a Elico Spectrophotometer (model UV-
164). The wavelengths 618 nm was used as 
the monitoring wavelength for malachite 
green respectively. The effect of pH was 
studied by adjusting the pH of dye solutions 
using dilute HC1 and NaOH solutions. All 
experiments were carried out in triplicate 
with respect to each condition and mean 
values were presented. 

Fixed bed sorption of (column study)  
For this purpose a mini-column was 

employed. Capacity of WNAC towards 
Malachite Green dye and industrial effluent 
sorption were found to better than other 
adsorbents, and therefore it was of interest to 
examine the performance of these sorbent in 
a column system. Column studies were 
conducted using down flow technique in 

which (1g) of adsorbent were suspended in 
distilled water for about 15 min and then 
transferred into glass column (1 cm in 
diameter) glass wool was kept at the bottom 
of the column to avoid loss of adsorbent with 
the liquid flow.  Dye solution was fed into 
the column at the flow rate of 1ml/ minute to 
determine exhaustive capacity. The initial 
amount of dye in 50 ml feed minus the 
amount found in the effluent gave the 
amount of dye retained by the adsorbent. The 
process was continued until the amount of 
dye was same as in the 50ml feed and 
effluent. Breakthrough curves were 
constructed as Ct/Ci versces treated volume. 

RESULTS AND DISCUSSION 
Characteristics of adsorbents 

SEM images of carbonified water nut 
shell are presented here (Fig. 1). It is quite 
obvious from the obtained SEM images that 
chemical modification and carbonification 
adsorbent significantly alters the physico-
chemical properties and porosity of the 
materials. Adsorbents were found to be 
having greater surface area followed by 
activation. Carbonification is responsible to 
provide the protons upon ionization in 
aqueous solutions which in turn can further 
open the pores of WNS which increases the 
surface area of adsorbents.  

The FTIR study of the WNAC could 
provide valuable information about the 
mechanism of adsorption. The FTIR analysis 
(Fig. 2) of WNAC confirms the presence of 
hydroxyl (–OH), alkanes (–RH), carboxylic 
group (–COO), in the activated sorbent. The 
strong absorption peak at frequency of 2250-
2400 cm-1 represents alkyl nitrate (cis + 
trans) mixed bending vibration stretching 
which signifies their major involvement of 
nitroso group in the dyes binding behaviour.  
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Effect of pH 
The effect of pH on the removal of MG 

on the WNAC from aqueous solution. It was 
observed that the MG removal was highly 
dependent on the pH of the solution (Fig.3.) 
which affected the surface charge of the 
WNAC and the degree of ionization of the 
adsorbate. It was found that an increase in 
the solution pH led to an increase in the MG 
removal efficiency. The percent removal of 
MG increased from 54.8 % to 91.2 % by 
varying the solution pH from 2 to 8. At lower 
pH, more protons were available (excess H+ 
ions), thereby decreasing the electrostatic 
attractions between positively charged dye 
anions and positively charged adsorption 
sites and therefore ionic repulsion between 

the positively charged surface and the 
cationic dye molecules caused a decrease in 
MG adsorption. The adsorption of MG was 
found to be maximum (91.2%) at pH 8 so, all 
the experiment was done at pH 8. 

Adsorption kinetics 
In order to study the rate determining 

step for the adsorption of dyes onto the 
surface of WNAC, the following kinetic 
models were employed; Pseudo-first-
order17,18, pseudo-second order19,20,21. The 
simple Lagergren pseudo-first-order model 
assumes that the rate of change of solute 
uptake with time was directly proportional to 
the difference in the amount of solute 
adsorbed at time of equilibrium qe [mg/g], 

   
(a)                                                                             (b) 

Fig. 1 : Scanning electron micrograph of the adsorbent : (a) general, (b) carbonified. 
 

 
Fig. 2 : FTIR spectra of water nut activated charcoal. 
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and the amount of solute adsorbed at any 
time, q(t) [mg/g] 

dq ( t ) K [q q ( t )]e1dt
         (1) 

Where k1 [1/min] was the rate constant 
of pseudo first- order model. When 
integrating over time and linearizing the 
model, the following equation was obtained 

tKqtqq ee 1ln)(ln                (2) 

Where qt (mg/g) was the amount of the 
dye adsorbed at various time, qe1 was the 
Maximum adsorption capacity and k1 (1/min) 
was the rate constant. Values of k1 and qe1 
constants were calculated from the slope and 
intercept of the plots of ln [qe−q (t)] versus t 
shown in Fig. 4. and were given in  
Table 1.The pseudo-second-order equation22 
based on adsorption equilibrium capacity 
was expressed in the form 

2
22 )]([)( tqqK

dt
tdq

e       (3) 

Where k2 [g/mg/min] was the rate 
constant of pseudo-second-order model. 
When integrating over time and linearizing 
the model, the following equation was 
obtained 

22
2

2

1

eet q
t

qkq
t

      (4) 

Table 1: Kinetic parameters on the adsorption of MG onto WNAC 
 Malachite Green 
Pseudo-first-order equation 
qe (mg/g) 
k1 (× 102 min–1) 
R2 

 
0.712 
0.43 
0.699 

Pseudo-second-order equation 
qe (mg/g) 
k1 (× 102 min–1) 
R2 

 
7.35 
0.0079 
0.996 

 
Fig. 3 : Effect of pH. 
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Where k2 (g /mg min) was the rate 

constant and qe2 (mg/g) was maximum 
adsorption capacity. The second-order 
constants (k2 and qe2) were calculated from 
the slopes and intercepts of Fig.4. 

The correlation coefficients (R2) and 
estimated Parameters of described kinetics 
was given in Table 1. From these values the 
pseudo-second-order model provided better 
correlation than other. While the correlation 
coefficient for MG was 0.99. These figures 

reflect that Pseudo second order model23 
have better fit with kinetic data.  
Effect of temperature 

Temperature dependence of adsorption 
process was a complex phenomenon. The 
effect of temperature on adsorption of MG 
on the WNAC was investigated by varying 
the adsorption temperature at 30, 40 and 500 
C24. The adsorption of MG on the WNAC 
was found to gradually increase when the 
temperature was increased from 30 to 50° C 
for (10 mg/l) concentrations studied.  

 
Fig. 4 : Representation of the kinetic data by the pseudo first-order model,  

pseudo second-order model. 
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When temperature increases, the 
percentage of dye removal increases. The 
change in standard free energy (ΔG0), 
enthalpy (ΔH0) and entropy (ΔS0) of 
adsorption were calculated from the 
following equation: 

CKRTG ln       (5) 

Where, R was gas constant, Kc the 
equilibrium constant and T was temperature 
in K. The Kc value was calculated from Eq. 
(6): 

se

Ae
c C

CK         (6) 

Where, CAe and CSe were the equilibrium 
concentration of dye ions on adsorbent 
(mg/L) and in the solution (mg/L), 

respectively. Standard enthalpy (ΔH0) and 
entropy (ΔS0) of adsorption can be estimated 
from van’t Hoff equation given in 

R
S

RT
HK ads

c

00

ln 



      (7) 

The slope and intercept of the van’t Hoff 
plot (Fig. 5.) was equal to ΔH0 ads/R and 
ΔS0/R, respectively25. Thermodynamic 
parameters obtained were summarized in 
Table 2. The data obtained from adsorption 
isotherms at different temperatures were used 
to calculate thermodynamic quantities such 
as ΔG0, ΔH0, and ΔS0 of adsorption. The 
results indicate that dyes adsorption onto 
WNAC were feasible, spontaneous and 
endothermic26 in nature. 

Table 2 : Thermodynamic parameters for adsorption 
Temp.( 0C) Kc ΔG0 (kjmol-1) ΔHo (kjmol-1) ΔSo(kjmol-1) 

30 0C 6.16 -4.582 48.97 0.1766 
40 0C 11.25 -6.297 48.97 0.1766 
50 0C 20.64 -8.128 48.97 0.1766 

 

 
Fig. 5 : Van’s Hoff plot for the adsorption. 
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Breakthrough capacity 
The break through capacity of the 

sorbent is higher in case of column process 
than the batch process.  This is due to 
continuously large concentration at the 
interface of the sorption zone as sorbate 
passes through the column while the 
concentration gradient decreases with time in 
a batch process. The breakthrough curve 
plotted in Fig. 6. Reveals that pure Malachite 
green (4000ml) and industrial effluent 
(2500ml) solution can be passed through the 
column of the adsorbent without any trace 
being detected in the effluent. The 

breakthrough capacity of the pure MG 
system and effluent system were calculated 
as 40 mg/g and 25mg/g.  In order to explore 
the practical utility of the adsorbent, removal 
of MG was carried out by column processes 
using pure MG system and Effluent system 
(leather-industry) since; wastewater contains 
other organic and in-organic compound.  It is 
found that in pure MG adsorption system by 
column process is higher than effluent 
system. The removal of MG by column 
process is light affected when Effluent 
system is used, showing that removal 
efficiency of these dyes were different. 

CONCLUSION 
We have concluded following points 

from our research work. 
1. Different operational parameters 

observed during the process of 
investigations reveal that adsorbents, 
water nut activated carbon developed 
from the agricultural waste materials, can 
be effectively employed for the removal 
of the hazardous dye Malachite green.  

2. Thermodynamic parameter such as the 
entropy (0.1766 kjmol-1 ), enthalpy 
change (48.970 kjmol-1 ) and standard  
free energy are also determined, and 
result’s shows that the adsorption 
process was found to be feasible, 
endothermic and spontaneous.  

3. The mechanism of adsorption was found 
to conform the pseudo-second-order 
kinetics with a good correlation. 

 
Fig. 6 : Break through capacity of MG and industrial effluent, Condition : Flow rate = 1 ml/min, 

temp. = 28ºC, dose = 1 gm, conc. = 10 ppm. (Dia. 1cm) 
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4. Regeneration may not be required. 
Because the cost of these adsorbents is 
relatively low, they can be used on a 
once-off basis and then thrown away. 
Regeneration processes often require the 
use of costly chemicals for the 
desorption of the adsorbed material. 

5. Using water nut shell to produce granular 
activated carbons potentially provide a 
less expensive raw material than the 
commercial coal, as well as producing an 
active carbon processed from a 
renewable material instead of a non-
renewable one. 
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