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Abstract - Colored wastewaters are hazardous to aquatic
biota and human beings. Consequently, presence of dye
effluents in water reservoirs is a significant concern to
researchers and civilians. A sustainable and effective
treatment method of dye effluents should be developed to
avoid the consequences. Dye wastewater must be treated
before their discharge to reduce its adverse effects on
environment and human beings. However, one single
technique is inefficient in treating dye effluents. The present
research focused on the development of adsorbent for to
remove dye from coconut shell. The absorbent were prepared
by pyrolysis of coconut shell. The pyrolysis products are
adsorbent and bio-oil was obtained. The experiments were
conducted to optimized adsorbent dosage (0.1-04 g/l) and pH
ranges (5-10). The adsorption experiments were performed to
study the adsorption of dye using coconut biochar. Initial COD
was 1025 mg/L and reduced to 397 mg/L for the dye removal.
Te maximum removal efficiency of 68 % was achieved.
Key Words: Adsorption, Methylene blue, Coconut shell,
Wastewater
1. INTRODUCTION

Since years, water quality is highly deteriorating due to
contamination [1]. Various industries utilize dye to colour
their raw and finished material, thereby releasing huge
quantity of wastewater containing dye into the watercourses
[2]. The dismissal of dye effluents results in eutrophication
and create disturbance in the aquatic environment [3]. Dyes
are highly soluble in water and are enormously used in
textile industries [4]. Textile industries tend to generate
large amount of wastewaters that contained dyes [5].
Methylene blue (MB) is utmost dye used for dyeing cotton
and silk. Since MB is highly soluble it is considered as a toxic
colorant. MB is highly visible even in low concentration [3].
Thus release of MB effluents in water bodies leads to
aesthetic issues. Water bodies containing MB effluents
hinder light transmission thus affecting chemical processes
of aquatic plants [6, 7]. It also affects the oxygen transfer
mechanism of water body [8]. Exposure to MB can cause
harmful effects to human beings and environment. In coming
contact with human beings, MB causes toxic effects like skin
allergies, tissue necrosis, gastrointestinal irritation, mental
shocks and diarrhoea [9, 10]. Decolourization of MB is major
environmental challenge [11]. It is an urgent requirement of
an effective procedure which could decolourize dye
economically.
Various physiochemical and biological treatments are
available for removing dyes from wastewater. The
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treatments include membrane separation [12], fenton
reagent [13], ozonation [14], oxidation, biodegradation [15],
photocatalysis [16] and coagulation flocculation [17].
Nevertheless, the limitation of these techniques includes
high equipment costs, production of toxic sludge and
complicate procedure [18]. Moreover, in developing
countries like India, these techniques are not sufficient to
treat dyes contained in wastewater. In contrast, adsorption
is a well-established and extensively used technique [19].
Adsorption is highly capable of eliminating the dye effluents.
Adsorption by the suitable adsorbent results in high
performance, simple design and convenient operation [20].
Moreover, adsorption is a cost effective technique and it
does not result in generation of toxic by product [21].
Recently researchers have focused on the development of
absorbents from agricultural waste. Agricultural wastes are
inexpensive, easy to regenerate and contain high capacity for
adsorption. A large number of adsorbents have been
developed and successfully utilized as effective adsorbent
such as rice husk [22], vegetable peels [23], coffee waste
[24], banana peels [25], pomegranate peels [26], custard
apple shell [27].
In the current work, coconut shell is utilized as an
inexpensive, agricultural waste for the removal of MB. Large
numbers of waste shells are produced yearly and their
disposal creates environmental nuisance[28]. By utilizing
coconut shells as a vital adsorbent it would reduce the
expenditure of shell disposal. Moreover, coconut shells
would be economic alternatives to existing expensive
adsorbents.
2. Materials and methods:
2.1 Adsorbate
Methylene blue (MB) procured from Sigma Aldrich was used
as an adsorbate. The molecular weight and molecular formula
of MB resembled as 319.86 g/mol and C16H18ClN3S.xH2O,
respectively. De-ionized water was utilized in experiments.
2.2. Preparation of adsorbent
The coconut shell (CS) was obtained from local temple in
Gwalior, Madhya Pradesh. CS was firstly washed water in
order to eliminate impurities. CS was further kept for 8-10
hours sun dry for removal of moisture content. The CS was
hand crushed, then was send to ball mill for further grinding.
Further, the pieces were sieved using sieving machine
BS5000. The sieved pieces of <1 mm were utilized for
preparing coconut shell biochar.
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2.3 Preparation of biochar
Biochar is a solid carbon enriched product produced through
burning organic biomass under limited or without oxygen.
Because of the large microscopic surface area and charged
surface, biochar is a vial potential for adsorbing contaminates
like dye. The final particle size of ground CS sieved was less
than 1 mm .The dried sample was finally converted into
biochar through pyrolysis at 450oC for 2-3 h pyrolyser are as
shown in figure 1.

product formed was collected via condenser. Solid residue
formed was collected and weighed.
2.4 Adsorption experiments:
The MB adsorption on CSB were performed batch mode.
Adsorption experiment were performed in 250 ml
Erlenmeyer flasks. A 100 ml of MB solution was taken and
adsorbent was added in the flasks. The flasks opening were
covered and placed on a mechanical shaker. Adsorption
parameters were studied such as pH(5-10) and adsorbent
dosage (0.1-04 g/l). The best adsorption uptaking conditions
were determined. The acidic pH of MB solution was regulated
by addition of HCl while the basic pH was regulated by
addition of NaOH. The % RE was estimated using the
following equation
% RE = (C0 – Ce)/ C0 × 100
Where C0 is the initial concentration of MB, Ce is the
equilibrium of MB
3. RESULTS
3.1 Effect of solution pH on adsorption

Figure 1. Pyrolysis coconut shell
The resulting biochar was crushed and sieved into less than
2.0 mm size. Then the sieved biochar of coconut shell was
kept in an oven at temperature 60 o C for time 48 h for
reduction of the moisture content. After air dried coconut
shell biochar was stored in an air tight container for
additional analysis.

The pH is one of the most influencing parameter of
adsorption process [29]. Figure 3 presents the influence of
pH on the adsorption. The consequence of the pH on the
adsorption of MB onto CSB was examined at variable pH 5.59. When the pH was acidic, the surface of CSB was charged
positively thereby, resulting in the effective competence of
H+ ions with the cations present in MB. Hence, rate of
adsorption was found to be decreased at an acidic pH. In
contrast, at pH 7, MB uptake on CSB was found to be highest
resembling dye removal efficiency with 60%. Further when
the pH was kept basic the adsorption rate was found to
decrease. In the present work, pH 7 was fixed for further
experiments.

Figure 2. Experimental setup for pyrolyser
Figure 2 depicts a systematic diagram for experimental setup
of the pyrolyser. Pyrolyser consisted of semi batch made
reactor constructed of stainless steel. The reactor from one
end was sealed and at another end it had an outlet end.
Electric furnace heated the reactor externally. The
temperature was estimated using thermocouple of type Cr-Al:
K. The thermocouple was held inside the reactor and PID
controller managed the temperature. Fixed amount of
coconut shell was loaded into the pyrolyser. The liquid
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Figure 3. Effect of pH on the adsorption capacity of MB by
CSB at [MB]o = 100 mg/L, agitation rate = 150 rpm,
temperature = 30°C, contact time = 60 min

ISO 9001:2008 Certified Journal

|

Page 1240

International Research Journal of Engineering and Technology (IRJET)

e-ISSN: 2395-0056

Volume: 06 Issue: 08 | Aug 2019

p-ISSN: 2395-0072

www.irjet.net

3.2 Effect of the coconut shell biochar dosage
The effect of CSB dose on the adsorption of MB was
examined at CSB dose range of 0.25-2 g/l. The figure 4
results that a CSB dose of 1 g/l gave the maximum MB
percentage removal efficiency (60%). The maximum MB
removal by higher concentration of CSB corresponds with
the greater availability of specific surface and binding sites of
the adsorbent. However, beyond 1 g/l of adsorbent dose, no
consequential changes was observed in MB removal. This is
attributed to the adsorbent’s conglomeration, there by
resulting in the decreased surface area for the adsorption.

The research work demonstrated the potential use of low
cost and agricultural waste coconut shell for the MB removal
from aqueous solution. Various adsorption parameters were
studied and it was estimated that adsorption was greatly
influenced by pH, adsorbent dosage and contact time. It is
concluded that the coconut shell was proved to be promising
for MB removal from wastewater. In addition, coconut shell
is cheap and abundantly available. Coconut shell being a
waste can resolve its disposal issue by utilizing as a efficient
adsorbent.
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