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ABSTRACT 
 

In this work, the potential feasibility of silk cotton hull activated carbon for 
removal of   C I basic green 4 (malachite green) a cationic dye from aqueous 
solution was investigated. Commercial activated carbon is costly and uneconomical. 
This has necessitated the development of cheaper carbonaceous materials. Since silk 
cotton hull used in this investigation is freely, abundantly and locally available, the 
resulting carbon is expected to be economically viable for wastewater treatment. 
The silk cotton hull activated carbon was prepared in the laboratory by 
carbonization followed by activation. Carbon prepared from silk cotton hull was 
used to remove a dye from aqueous solution by an batch adsorption technique under 
varying conditions like contact time, pH, dosage of adsorbent and various 
concentrations of adsorbate. Adsorption is dependent on solution pH, dye 
concentration, carbon dosage and contact time. The experimental   results indicate 
that a dose of 0.5 gm/l and initial concentration of 1 mg/l, showed 86% removal of 
dye at pH 8 in 40 minutes. Adsorption data were modeled using the Langmuir and 
Freundlich adsorption isotherms. The result indicated that silk cotton hull activated 
carbon was an attractive adsorbent for removing basic dye from aqueous solution 
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INTRODUCTION 
Environment pollution due to industrial 

effluents is of a major concern, because of 
their toxicity and threat for human life and 
the environment1. Almost every industry uses 
dyes to colour their products and the residual 
and unspent dyes are discharged into the 
environment, particularly aquatic 
environment. Colour is the most obvious 
indicator of water pollution2. Dyes are 

important water pollutants which are 
generally present in the effluents of the 
textile, leather, paper, rubber, plastics, 
cosmetics, Pharmaceuticals and foodstuff 
industries3. The removal of dyes from 
aqueous effluent is of significant 
environment, technical and commercial 
importance. 

Dyes even in low concentrations are 
visually detected and mean while effect the 
aquatic life and food web. These colour 
compounds are not only aesthetically * Author for correspondence 
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displeasing but also inhabiting sunlight into 
the stream and reducing the photosynthetic 
reaction4. Since many dyes are harmful to 
human beings, the removal of colour from 
waste effluents becomes environmentally 
important. 

The methods of colour removal from 
industrial effluents include biological 
treatment, coagulation, ion exchange, 
oxidation and adsorption. Among the 
treatment options, adsorption appears to have 
considerable potential for the removal of 
colour from industrial effluents5. Adsorption 
onto activated carbons is well known process 
for micro pollutants removal.  

Activated carbon is perhaps the most 
widely used adsorbent for the removal of 
many organic contaminants which are 
biologically resistant, but activated carbon is 
prohibitively expensive. Moreover there are 
many problems connected with the 
regeneration used activated carbon. 
Consequently the high cost of the activated 
carbon, coupled with the problems associated 
with regeneration, as necessitated the search 
for alternate adsorbents5. However the use of 
agricultural waste residues for the adsorption 
of dyes has been considered as the effective 
and cheap alternative for dye removal. 

Various carbonaceous materials, such as 
coal, lignite, coconut shell, wood and peat 
are used in the production of commercial 
activated carbon. However the abundance 
and availability of agricultural by-products 
make them good sources of raw materials for 
activated carbon6. Residues from agricultural 
and agro industries are the non product 
outputs from the growing and processing of 
raw agricultural products. Disposal of 
agricultural by-products is currently a major 
economic and ecological issue, and the 
conversion of by-products to adsorbents, 
such as activated carbon represents a 
possible outlet. 

Solid state fermentation of the dye 
adsorbed waste will degrade the dyes and 
simultaneously enrich the nutritional value of 
the waste. The fermented substrate can be 
used as a soil conditioner, fertilizer and high 
protein content cattle feed7. So, future 
avenues are focused on the creation of bio-
adsorbent.  

An adsorption isotherm is a graphical 
representation showing the relationship 
between the amount adsorbed by a unit 
weight of adsorbent and the amount of 
adsorbate remaining in a test medium at 
equilibrium8. The adsorption capacity of any 
adsorbent may be determined by the use of 
adsorption isotherms. 

In the present investigation, the 
application of silk cotton hull as a low cost 
adsorbent has been reported to be viable for 
removing dyes from aqueous solution. The 
effect of various parameters such as initial 
concentration, dosage, contact time and pH 
has been studied.  

MATERIAL AND METHODS  
Preparation of adsorbent : Silk cotton 

hull activated carbon was prepared by 
treating 4 parts of the silk cotton hull with 3 
parts of concentrated sulfuric acid and 
keeping it in the hot air oven with the 
temperature being maintained in the range of 
85° C - 100° C for a period of 24 hours. The 
carbonized material was washed well to 
remove excess acid and dried at 101° C. The 
dried material was subjected to thermal 
activation in the muffle furnace at 600° C for 
30 minutes. 

Preparation of adsorbate : Stock 
solution was prepared by dissolving 
appropriate quantity (1mg/L) of malachite 
green dye, a colouring reagent in distilled 
water. The stock solution was diluted as 
required to obtain a standard solution. The 
same was used throughout the experiment. 
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Specification of dye used :   
Dye – Malachite green 
Colour – Bluish green 
Type – Basic dye  
Chemical formula – C23H24ClN2 
Molecular weight – 364.9 
Wave length (λ) – 616nm 
The adsorption experiments were carried 

out in a batch process by using aqueous 
solution of malachite green in the 
concentration range 1-6 mg/l, the other 
variable parameters were adsorbent dose 
(0.25-0.75 gm/l), contact time (0 - 
60minutes) and pH of the medium (2 –10). 
The concentration was determined with the 
help of carefully prepared calibration curve 
with standard malachite green dye solution. 
This method was adopted to investigate the 
influence of the agitation time on the rate and 
extent of uptake on the adsorbent.  

RESULTS AND DISCUSSION 
The results of the present study reveal 

that the adsorbent prepared from the silk 
cotton hull remove the dye selected for 
investigation efficiently and effectively.  
Effect of initial concentration of Dye  

Concentration of malachite green dye 
was varied from 1 to 6 mg/L for a dosage of 
0.5gm/l of adsorbent. The effect of initial 
concentration of dye on the removal of basic 
dye (in terms of percentage removal) on silk 
cotton hull adsorbent was studied as shown 
in Fig. 1. It has been observed that there is a 
considerable decrease in percentage removal 
as the concentration of dye increases. 
Though the percentage adsorption was 
decreased with increase in initial dye 
concentration, but the actual amount of dye 
absorbed per unit mass of adsorbent was 
increased with increase in dye concentration 
in the test solution. 

Effect of dosage of adsorbent 
Dosage of adsorbent was varied as 0.25, 

0.375, 0.5, 0.625 and 0.75gm/l. The 
maximum removal efficiency was obtained 
at 0.5gm/l of adsorbent at an initial dye 
concentration of 1mg/l is as shown in Fig. 2. 
It   has   been   observed   that   there   is   a  

considerable decrease in percentage removal 
as the dosage of adsorbent increases. This 
may be attributed to overlapping or 
aggregation of adsorption sites resulting in 
decrease in total adsorbent surface area 
available to malachite green dye. 

 
Fig. 1: Effect of Dye concentration for the removal of dye. 
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Effect of time 
The effect of contact time with 0.5gm/l 

of adsorbent dose in 1mg/l of dye solution 
were investigated, the colour removal 
increases with increase in time. However, the 
removal increases with time and  
attains equilibrium  within  40  minutes.  At  

equilibrium the colour removal was 86%. 
The rate of removal is high in the beginning 
due to larger surface area available at 
adsorbent. The percentage of dye removal as 
a function of time is as shown in Fig. 3. 

Effect of pH 

The maximum removal efficiency of 
92% is obtained at pH 8 for malachite green 
dye of initial concentration of 1mg/l for a 
dosage of 0.5gm/l. The effect of pH on 
removal  of  dye  process  of  silk  cotton hull  

activated carbon is shown in Fig. 4. Lower 

adsorption of malachite green at acidic pH is 

due to the presence of excess H+ ions 

competing with dye cat ions for the 

adsorption.

 
Fig. 2 : Removal of dye as a function of adsorbent dosage. 

 
Fig. 3 : Effect of contact time for the removal of dye. 
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Adsorption Isotherms 

For assessing the efficiency of the 
absorbent for dye removal Freundlich and 
Langmuir isotherms are considered. The 
Freundlich isotherms represented by the 
following equation  

Log qe = Logk + (1/n) LogCe   

Where qe is the amount of dye absorbed 
per unit weight of the absorbent (mg/gm), Ce  

is the equilibrium concentration of the dye in 
aqueous solution (mg/l), k and 1/n are 
constants depending upon the nature of 
absorbent and dye absorbed. The lined plots 
in Fig. 5 between Log qe and LogCe show the 
applicability of Freundlich isotherms. The 
values of k and 1/n are found to be 2.7 and 
0.998. The value of 1/n between 0–1 
indicating that adsorption is efficient.  

 

 
Fig. 4 : Effect of pH for the removal of dye. 

 
Fig. 5 : Freundlich Plot. 
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The Langmuir isotherms represented by 
the following equation. 

Ce/qe = 1/Q0b + Ce/Q0 
   

Where Ce is initial concentration (mg/l). 
qe is the amount absorbed at equilibrium time 
per unit absorbent (mg/gm) and Q0 and b are 
Langmuir constants related to adsorption 
capacity and energy of adsorption 
respectively.   The   lined   plots   in   Fig. 6  

between Ce/qe and Ce show the applicability 
of Langmuir isotherms. The value of 
dimensionless equilibrium parameter RL, 
where RL is equal to 1/(1+bC0) where C0 is 
the initial concentration. The value of RL is 
found to be 0.1134. The value of RL between 
0-1, showing favorable adsorption of dyes on 
the adsorbents. 

From the batch absorption studies it is 
confirmed that the equilibrium data’s fitted 
very well in both Freundlich and Langmuir 
isotherms. 

CONCLUSION 
The silk cotton hull used as a new low 

cost adsorbent for dye removal from 
effluents was found to be efficient and 
capable of removing 92% of dye at a 
concentration of 1mg/l for a dosage of 0.5 
gm/l at pH 8. Large solute removal takes 
place immediately after mixing and agitation 
and equilibrium conditions are nearly 
obtained after around 40 minutes. Adsorption 
of the dye depends on initial concentration of 
adsorbate. The material used for adsorption, 
which is basically an agricultural waste, is 
cheap and locally available. It can be used as 

a replacement for commercial activated 
carbon for removing colour in textile 
wastewater for a better environment. 
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