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ABSTRACT

The seamless release of industrial effluents and deterioration of the physico-chemical properties of
water are becoming a prolonged threat across the world. Industrial effluents including dichloromethane
have deleterious effects on the water chemistry and make the zooplankton difficult to breathe and
furthermore affect the metabolism of aerobic aquatic species. The aim of this study was to prepare low-
cost porous coconut shell activated carbon (CSAC) and further analyze and investigate its capability to
adsorb dichloromethane. The carbonization process was carried out at a temperature of 700°C. The
activation of carbon was brought into forth by using phosphoric acid (H3PO4) as activating agent.
Impregnation ratio was taken as 1 : 3 and the activation time was kept 1 h. The characterization of the
resulting porous carbon was accomplished using sophisticated Fourier transform infrared spectroscopy
and well-refined field emission electron microscopy. Adsorption capacities and removal percentages of
samples were investigated by batch studies. Langmuir and Freundlich adsorption isotherms were used
for the evaluation of adsorption process. The experimental data were best fitted in the Freundlich
model. Various parameters such as thermodynamics, kinetics, pH and concentration of adsorbate, dosages
of adsorbent and contact time on dichloromethane adsorption were investigated. The removal of
dichloromethane by CSAC was evaluated to be 87.5%. The results of this study divulged that activated
carbon produced from coconut shell by chemical activation was a justifiable adsorbent for treatment of
volatile organic compounds in wastewaters.
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INTRODUCTION

Industrial effluents entail the volatile organic
compounds discharged into the water bodies
and drastically alter the water chemistry
(Asejeje et al., 2021; Gang et al., 2021;
Hernández-Fernández et al., 2021). It became
a prime concern for the researchers to work
on the evacuation of these malodorous
compounds from the watercourse. Adsorption
by carbon has seized substantial attention in
the past decades due to its positive attributes
of high surface area, easy availability,
hydrophobicity, tremendous pore volume
distribution, extensive pore size distribution,
removal effectiveness at less concentration,
reutilizing ability, low energy consumption and
probability of product repossession. These are
gaining momentum in the purification of
organic compounds due to having property of
extreme porosity and high efficacy of surface
reactivity (Li et al., 2020 a, b; 2021). In terms

of cost, financial compatibility, sustainability,
efficiency and eco-friendly nature, activated
carbon is the most preferred choice (Lv et al.,
2019; Singh et al., 2019; Wen et al., 2019). This
is a porous material having delineating
amphoteric properties, and is conventionally
utilized for adsorption of organic and inorganic
compounds (Heidarinejad et al., 2020; Zhu et
al., 2020; Li et al., 2021). Among many
adsorbents of agricultural origin, activated
carbon prepared from coconut shell is
attempted and acknowledged material with
good adsorption capacity in the removal of
volatile organic compounds present in the
sample matrix. It has given the best results
in the removal of compounds such as
chloroform, carbon disulphide, acetone, phenol,
methyl isoborneol, geosmin, toluene,
chlorobenzene, xylene, benzene, methyl ter-
butyl ether, trichloroethylene, trichloroacetic
acid and mesitylene from the sample matrix
(Hao et al., 2018; Zhao et al., 2018). In the



preparation of activated carbon from biomass,
carbonization and activation are the prime
steps (Lam et al., 2017; Nayak et al., 2017). The
activation process is categorized into physical
and chemical activation. Chemical activation
is an ideal choice due to low temperature,
short activation time, low activation
temperature, better porous structure, and
huge carbon content and high surface area
yield. Physical activation involves
carbonization of a carbonaceous material
followed by the activation at elevated
temperature with appropriate oxidizing gases
with environmentally friendly attribute
(Udyani and Purwaningsih, 2021). The aim of
the present study was to prepare and
characterize the activated carbon made from
coconut shell at a laboratory level and its
further use in investigation of its potential as
a good adsorbent for removal of the malodorous
organic compound-dichloromethane.

MATERIALS  AND  METHODS

Coconut shell was collected from the local
market. It was washed intensively with
deionized water to detach the dirt particles and
sun-dried for 3-4 days. Subsequently, it was
dried by keeping it in an oven at 105°C for 48
h and thereafter, milling was done. The milled
precursor was screened to the desired size to
prepare the adsorbent (Liang et al., 2020;
Yagmur and Kaya, 2021). Carbonization and
activation were carried out as per the previous
studies (Basu et al., 2018).
For  the analysis of physio-chemical properties
of adsorbent standard methods were applied
(Jian et al., 2018). The characterization of the
resulting porous carbon was executed using
Fourier transform infrared spectroscopy and
field emission electron microscopy
(Soleimanpour et al., 2021; Ismail et al., 2022).
The stock solution of dichloromethane (DCM)
was prepared by applying standard methods
(Cen et al., 2018; Alhooshani, 2019). Analytical
grade chemicals and reagents were used. The
physical properties of DCM are shown in Table
1. The concentrations of dichloromethane in
samples are detected by using UV-visible
spectrophotometer until the equilibrium was
reached (normally after 4 h; Li et al., 2020a;
Zhang et al., 2020b). For the adsorption studies,
desired concentration of adsorbate solution
was equilibrated with known adsorbent dosage

in 50 ml glass flasks in a temperature
controlled water bath shaker for 4 h at 150 rpm.
The samples were analyzed, and adsorption
capacity and removal efficiency were
calculated following Li et al. (2020a) and Zhang
et al. (2020b). Various parameters such as
effect of pH, initial concentration of adsorbate,
adsorbent doses and contact time were studied
by taking adsorbate solution (25 ml) with initial
concentration of 200 mg/l into 50 ml capped
glass flasks.
In order to study the various parameters, all
the other parameters were kept constant
except the parameter to be analyzed. The effect
of pH on adsorption was studied by bringing
variation in the pH value and keeping other
parameters constant (Mahmoud et al., 2021).
To investigate the effect of contact time on
adsorption, the other parameters such as
adsorbent dosage (0.1 g), pH (7), initial
concentration of adsorbate (200 mg/l), agitation
time (150 rpm) and temperature 25°C were
kept constant except contact time (1-240 min;
Mahmoud et al., 2021). The impact of adsorbent
dosages on adsorption of dichloromethane was
studied by taking variation in adsorbent
dosages from 0.2-1.0 g keeping other
parameters as constant (Mahmoud et al., 2021).
The effect of initial DCM concentration on the
adsorption was investigated by taking
variations in the concentration of adsorbate
(DCM) keeping other factors constant
(Mahmoud et al., 2021). Langmuir and
Freudlich isotherm models were implemented
for the study of adsorption equilibrium (Ezzati,
2020; Rajahmundry et al., 2021). Pseudo-first
order and pseudo-second-order models were
used for the kinetic study (Zhang et al., 2020a).
The thermodynamic study was done following
Zhao et al. (2018) and Zhang et al. (2020a).

RESULTS  AND  DISCUSSION

In the concerned study, a carbonization
temperature of 700°C, with activation time 1

Table 1. Physical properties of dichloromethane

Particulars Unit Dichloromethane

Formula CH2Cl2
Molecular weight MW g/mol 84.93
Normal boiling point °C 39.8
Liquid density at 20ºC g/cm3 1.318
Solubility in water Mass% 1.32
Vapor pressure at 293 K mm Hg 350
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h and activating agent phosphoric acid was
used to obtain the desirable carbon. The
estimated values of ash, moisture content and
density have been illustrated in Fig. 1.

FTIR images of CSAC, prepared in the current
study, had shown the surface chemistry of
adsorbent (Fig. 2). The band at around 2400/
cm (wave number) was observed and could be
designated as an alkyne functional group. The
CC stretching vibrations appeared in 2000
and 2100/cm; however, the carbon double bond
was found at 1631/cm.
FESEM samples of activated coconut shell have
been illustrated in Fig 3 i, ii and iii. The
samples having cracked structure indicated
the pyrolysis and activation of samples.
The impact of pH on the adsorption was
analyzed by taking an extensive range of initial
pH (2-10). The repercussion of initial pH on
adsorption is shown in Fig. 4. The highest
adsorption of DCM on CSAC was observed in
between pH 6.0 and 8.0.
The effect of adsorbent dosage on the amount
of dichloromethane (DCM) adsorbed at
equilibrium on different adsorbents is shown
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Fig. 1. Physico-chemical characteristics of coconut
shell activated carbon (CSAC).

To analyze the yield per cent of carbon, masses
of carbon before and after activation were
calculated. The resulting masses were 115
and 71.5 g, respectively. Yield per cent was
73.1% and the overall process yield per cent of
activated carbon obtained was 63.5%. Yield
percentage with activation agent at an
activation temperature of 700°C was
interrelated to form a specific activated carbon.
Phosphoric acid, impregnation ratio 1 : 3,
activation time 1 h and activation temperature
700°C were used in the preparation of
activated carbon.

0 500 1000 1500 2000 2500 3000 3500 4000 4500

90.2

90.4

90.6

90.8

91.0

91.2

91.4

91.6

91.8

92.0

%
 T

ra
n

s
m

it
ta

nc
e

Wave number (cm-1)

Fig. 2. FTIR spectra of coconut shell activated
carbon (CSAC).

Fig. 3 i. FESEM images of coconut shell activated carbon (a-c).
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in Fig 5 (a) and (b). Adsorption doses were found
to be directly proportional to per cent removal.
Due to increase in surface area and
accessibility of more adsorption sites, the
adsorption percentage increased with increase
in the adsorbent doses (Li et al., 2020a; Zhang
et al., 2020b).

Adsorption increased with increase in initial
DCM concentration. The concentration study
was carried out at 25°C with a broad range of
initial DCM concentrations (20-300 mg/l). The
adsorption capacity of DCM was highest on
CSAC (50.325 mg/g) at 300 mg/l at 25°C. It
was observed that the adsorption process was

Fig 3 ii. FESEM images of coconut shell activated carbon (d-f).

Fig 3 iii. FESEM images of coconut shell activated carbon (g-i).
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Fig. 4. Effect of initial pH on the percentage removal of
DCM on coconut shell activated carbon (CSAC).

0. 2 0.4 0.6 0.8 1.0
0

2 0

4 0

6 0

8 0

10 0

%
 R

em
o

v
al

Carbon dose(g)

Fig. 5a. Effect of carbon dose on the % removal of
DCM on coconut shell activated carbon
(CSAC).
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very speedy at low adsorbate concentration.
Large pore size of CSAC was responsible for
obtaining high adsorption capacity at high
initial concentration of the adsorbate. On the
other hand, at low adsorbate concentrations,
the small sized and pore hydrophobicity were
the controlling factors for getting high
adsorption. On increasing the initial
concentration of adsorbate, the adsorption
capacity increased with the increase in the
initial adsorbate concentration. As the
concentration of the adsorbate increased, its
movement on the surface of the adsorbent
speeded up and finally it increased the
adsorption capacity of the adsorbent (Ben-Ali
et al., 2017). On CSAC, dichloromethane (DCM)
showed maximum adsorption capacity (50.32
mg/g).
Contact time had significant repercussions in
the adsorption process. The contact time study
for the adsorption of DCM on CSAC was carried
out by taking 200 mg/l initial adsorbate
concentration with constant pH at 25°C. It was
observed that adsorption capacity increased
with the increase in contact time. The
maximum adsorption capacity on CSAC was
33 mg/g to 200 mg/l at 25°C (Fig. 6).
Experimental data in this study were analyzed
by Langmuir and Freundlich isotherm models.
By plotting the linear plot between Ce/qe vs.
Ce, slope, intercept and qm values were
calculated. The monolayer adsorption capacity
value qm was highest for CSAC (48.42 mg/g)
(Table 2). Slope and intercept were used for
the calculation of Kf and n after plotting a linear

plot of log qe vs. log Ce (Table 2). It illustrated
the deviations from linearity, and the degree
of heterogeneity in the adsorption sites. In the
present study, the values of n were found to be
n>1 for the sorption of dichloromethane on
CSAC indicated a favorable adsorption. The
regression coefficient (R2) value showed better
applicability of Freundlich model on CSAC (Li
et al., 2020a; Zhang et al., 2020b).
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Fig. 5b. Effect of carbon dose on the percentage
removal of DCM on coconut shell
activated carbon (CSAC).

Fig. 6. Effect of contact time on the adsorption
capacity of DCM on coconut shell activated
carbon (CSAC).
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Table 2. Langmuir and Freundlich constants for the
adsorption of DCM on CSAC

Adsorbent Langmuir constants

CSAC q max KL RL R2

30.184 0.0503 0.498 0.84

Adsorbents Freundlich constants

CSAC KF n R2

1.592 1.376 0.97

The mechanism of adsorption was well
elucidated by the pseudo first-order and pseudo-
second-order rate equation. The value of
pseudo-first-order was calculated from the slope
and intercept of the linear plots. In pseudo-
second-order-kinetics, the values of K2 and qe
(exp) were calculated from the slope and
intercept of the linear plots of t/qt vs. t (Table
3). The correlation coefficient (R2) value
obtained for pseudo-first-order model did not
represent a good fit with experimental data
(Table 3). On the contrary, it followed the
pseudo-second order kinetics model (Table 3)
as evident from R2 value calculated from the
experimental data.
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Table 3. Kinetic parameter for the adsorption of DCM
on CSAC at 25°C (Co = 200 mg/l)

Adsorbent Pseudo-first-order Pseudo-second-order

CSAC qe K1 R2 K2 R2

6.17 -0.00011 0.87 0.008048 0.99

Table 4. Effect of concentration on the thermodynamics
parameters for the adsorption of DCM at
different temperature on CSAC

Concentration S° H° G°
(mg/l) (J/K mol) (kJ/mol) (kJ/mol)

100 -17.302
61.2072 19.6612 -18.2201

-18.8321
200 -11.6301

41.1462 14.2131 -12.2473
-12.6588

300 -7.47738
26.4562 14.2131 -7.87423

-8.13879

The thermodynamics parameters for the
adsorption of dichloromethane (DCM) on CSAC
have been illustrated in Table 4. The positive
values of standard enthalpy change (H°),
predicted the spontaneity and endothermic
nature of adsorption. The positive values of
standard entropy change (S°), explored the
randomness in the adsorption process at the
solid/solution interface. The values of S° were
negative, and it showed that the adsorption
process was an endothermic and spontaneous
reaction (Xie et al., 2019; Xing et al., 2019).

CONCLUSION

The positive attributes such as physical
resistance, adsorption properties, surface
chemistry, reasonable cost and recovery of the
activating agent, made the carbon prepared
from the plant’s origin, the most preferred
material in the adsorbent world. Coconut shell
activated carbon produced with impregnation
ratio of 1 : 3, activation temperature at 700°C
and activation time of 1 h. The present study
showed that the adsorption process of
dichloromethane on CSAC was influenced by
temperature, pH and concentration of
adsorbate, dosage of adsorbent and contact
time. The adsorption was found to be maximum
50.5 mg/g for CSAC at pH range 6.0-8.0. The
adsorption increased with increase in contact
time and the temperature. The Langmuir

model didn’t fit well on CSAC for the adsorption
of dichloromethane. Rather it went well with
the Freundlich model. Kinetic data had shown
the applicability of the pseudo-second-order.
The RL value between 0 and 1 for the adsorption
of dichloromethane, favoured the adsorption.
The adsorption of dichloromethane on CSAC
was considered spontaneous. Standard entropy
changes with positive value showed the
increase in entropy, therefore, it confirmed
randomness of the system. This study revealed
that satisfying removal e fficiencies of
dichloromethane could be achieved by using
coconut shell activated carbon (CSAC) as
adsorbent.
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