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ABSTRACT

In the present study the feasibility of activated carbon prepared from Eucalyptus globules Bark to remove
Methylene Blue from aqueous solutions was investigated by adsorption through batch experiment. The
effect of various experimental parameters like initial concentration, contact time, adsorbent dose, pH and
particle size has been studied to obtain information on treating effluents from the dye industry. Adsorption
equilibrium data were fitted with Langmuir, Freundlich isotherm models and the kinetics of adsorption
was found to be first order and the intra-particle diffusion as the rate determining step. The adsorption
capacity of dye has been compared with Commercial Activated Carbon (CAC). The results indicate that the
Eucalyptus globules Bark Carbon (EGBC) is promising material and alternate of CAC for adsorption of MB

Key words: Methylene Blue, Batch Adsorption technique, Eucalyptus Globules Bark Carbon, Commercial activated carbon and

Adsorption kinetics.

Introduction

Natural resource depletion and various levels of
environmental deterioration have been found to be
mostly caused by unchecked urbanization and in-
dustrialization. Accordingly, increased urbaniza-
tion, industrialization, and inappropriate use of
natural resources result in the release of large vol-
umes of untreated wastewater, endangering fresh
water (Shah ef al., 2021 and Liu and Te, 2021). The
majority of water pollution is being caused by vari-
ous organic, microbiological, and inorganic contami-
nants, which presents serious problems for the envi-
ronment and public health. These contaminants are

either naturally occurring or man-made materials
that enter the environment as a result of human ac-
tivity, such as wastewater and freshwater sources.
Conversely, the growing demand for textile prod-
ucts forces the textile industries to grow, which dra-
matically raises wastewater output and places the
industry among the most significant global causes of
pollution (Fito et al., 2021). The pollutants present in
textile industry effluent include dyes, degradable or-
ganics, detergents, stabilizing agents, desirers, inor-
ganic salts, and heavy metals (Anjum et al., 2017).
One of the most difficult problems faced by
wastewater treatment facilities in the textile indus-
try is the effective removal of colored chemicals
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(Chequer et al., 2013). The reason for this is that syn-
thetic dyes are complex chemicals that are typically
made with the intention of being long-lasting by
fending against oxidative, photo and biological deg-
radation (Crini, 2006 and Isah et al., 2015). Aquatic
life as well as humans may be harmed by these col-
ors in a number of ways. A highly demanded and
widely used dye in the textile industries is methyl-
ene blue. It is a synthetic dye known for its vibrant
blue colour and complex molecular structure. This
dye belongs to the basic group and upon dissocia-
tion in water, it produces positive ions. These posi-
tive ions are attracted to the negative polar region of
water molecules, making MB dye to be harder to be
removed in a solution. Serious health issues such as
cyanosis, jaundice, tissue necrosis, methemoglobin-
emia and quadriplegia have been reported when
humans are exposed to MB dye for adequate time
stated that the degradation of MB dye products is
potentially carcinogenic and mutagenic (Porhemmat
et al., 2017). Furthermore, the growth of plants can
also be disrupted when MB dye merges with phos-
phate and lipid molecules in plants cell membrane
(Zhang et al., 2016). So the removal of dyes from the
wastewater is necessary to keep the environment
safe. There are various traditional methods for the
removal of dyes and its compounds from the efflu-
ents and it may be divided into physical, chemical
and biological treatment. Among this physical meth-
ods have been most popular because of the ease of
handling (Reddy et al., 2012). To decontaminate dye-
stuff effluents, some techniques were evidenced for
effective and selective elimination of the dye mol-
ecules such as adsorption, ion- exchange, photo-
electrochemical, reverse osmosis, coagulation, mem-
brane process, biological process, degradation, filtra-
tion, chemical precipitation, ultra filtration, and elec-
trochemical techniques (Dastgerdi et al., 2019 and
Reddy et al., 2020) have all been used. Since the ad-
sorption system was inexpensive, easy to operate,
and has a variety of uses in removing heavy metals,
other inorganic contaminants, and other developing
organic contaminants from wastewater, it was re-
garded as the preferred strategy. Adsorption tech-
nique using activated carbons is the effective
method for the removal of dyes and other pollutants
from wastewater offering a promising solution for
industrial effluent treatment. As a result, commer-
cial activated carbon, which is expensive, is now
widely employed as the preferred adsorbent (El-
Maghrabi et al., 2017). Recognizing this economic
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drawback of commercial activated carbon many re-
searchers have looked into the viability of using
low-cost substitute materials, such as pearl millet
husk, date pits, sawdust, leather industry buffing
dust, coir pith, crude oil residue, tropical grass, olive
stone, almond shells, pine bark, wood waste, coco-
nut shell, etc., as carbonaceous precursors for the
removal of dyes from water and wastewater
(Ioannidou and Zabaniotou, 2007). Over the past
few decades, scientists have become interested in
finding ways to reuse waste materials or by-prod-
ucts as eco-friendly alternatives (Elsayed et al., 2015).

This study aimed to investigate the kinetics and
mechanism of methylene blue (MB) adsorption on a
range of locally produced activated carbons ACs
(IPACs) from Eucalyptus Globules Bark Carbon and to
evaluate how well they can absorb MB under ideal
experimental circumstances. The purpose of this
study is to determine whether it is possible to use
these carbonaceous materials as inexpensive
adsorbents for the removal of dyes in general and
methylene blues (MB) in particular by examining
the kinetics and dynamics of the adsorption of a ba-
sic dye MB on CAC and Eucalyptus Globules Bark
Carbon. The various experimental parameters af-
fecting optimal adsorption and various isotherm
models and adsorption kinetics are also investi-
gated.

Materials and Method

Adsorbent

The raw material of Eucalyptus Globules Bark was
collected locally from Alangudi, Pudukkottai (Dist).
It was dried and cut into small pieces. It is carbon-
ized in muffle furnace at 300°C. Then Eucalyptus
Globules Bark Carbon (EGBC) was taken in a beaker
and made in to slurry with 4N nitric acid. It was
heated for about 20 minutes, in a hot water bath at
80°C and kept aside for over-night. It was then
washed several times with distilled water to remove
acid and impurities (Cheremisinoff and Elerbusch,
1979 and Pagutharivalan and Kannan, 2011). It was
dried in an air-oven at 120 °C for about six hours.
Commercial Activated Carbon (CAC) was procured
from E Merck (India).

Adsorbate

Methylene Blue (MB or tetra methyl thionine chlo-
ride) is an aromatic heterocyclic compound with a
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phenothiazine ring system. Color Index number CI-
52015, was selected as an adsorbate and not purified
prior to use. The MB molecular properties are: mo-
lar mass (319.85 g/mol), molar volume (241.9 cm®/
mol), width (14.3A" depth (6.1 A”, thickness (4 A”),
and molecular diameter (0.8 nm), according to the
evaluations conducted by Pelekani and Snoeyink,
(2000).

Adsorption Experiments

The stock solution (1000 mg/1) was prepared by
measuring the accurate weighed quantity of the dye
(MB) by dissolving it in the double distilled water.
While preparing the stock solutions the percentage
purity of the dye was taken into consideration. At
room temperature (30 = 1 °C), adsorption experi-
ments were conducted under batch mode (Dizge et
al., 2008). Through gradual dilution the experimen-
tal solutions of desired concentration were obtained.
The other chemicals used in this study were ob-
tained commercially and of reagent grade. All the
solutions and reagents were prepared by using the
double distilled water. To maintain the temp (30
1°C) thermostatic incubator shaker (Neolab, India)
were used. The concentrations of the MB solution
were analysed by measuring its absorbance at
663nm using UV-Visible Spectrometer (ELICO Semi
Micro Spectrophotometer, (Model, no: 207) India.
Exactly 50ml of dye solution of known initial con-
centration (Ci) was shaken at constant agitation
speed (200rpm) with required dose of adsorbent of
a fixed particle size (90 micron) for a specific period
of contact time (Table 1). The pH of the dye solution
was adjusted by adding either IMHCI or 1M NaOH
solution and the pH values of dye solutions were
noted with digital pen pH meter (Hanna instru-
ments, Portugal). After equilibrium, the final con-
centration (C) of MB was measured. The values of
percentage removal of dye and amount adsorbed (q
in mg g') were calculated using the following rela-
tionships (Kannan and Pagutharivalan, 2011):

100 (C,-C,)/C,—.. (1)
(C,-C)/m ..(2)

Where C, and C_ are the initial and equilibrium
(final) concentration of dye (in mgl™”) respectively, m
is the mass of adsorbent, in gl ™.

Percentage removal =

Amount adsorbed (q) =

Results and Discussion

The adsorption experiments were carried out at dif-
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ferent experimental conditions (Table 1) and the re-
sults obtained are discussed below:

Effect of initial concentration

The MB adsorption is greatly influenced by the ini-
tial concentration. Effect of initial concentration on
the extent of removal of MB (in terms of percentage
removal and amount adsorbed) on CAC and EGBC
were studied. The initial concentration provides an
important driving force to overcome all mass trans-
fer resistance of dye anions between the aqueous
and solid phases (Kannan and Rajakumar, 2002).
The role of different initial MB concentrations on the
adsorption and its relevant data are given in Table 1.
At higher concentrations of the dye, the proportion
of dye removal is low. The percentage removal is
found to decrease exponentially, while the amount
of MB adsorbed increases exponentially with the
increase in initial concentration of MB (Figure 1).
The decrease in the adsorption capacity with an in-
crease in the initial MB dye concentration is due to
the competition of dye ions for the binding sites
available for adsorption and due to the possible ag-
gregation of MB molecules on the solid phase ex-
tractor (Lata ef al., 2008 and Kannan and
Pagutharivalan, 2011). This indicates a decrease in
adsorption, which is attributed due to the lack of
available active sites required for the high initial
concentration of MB.
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Fig. 1. Effect of Initial concentration for the removal of
MB onto CAC and EGBC

Adsorption isotherm

The adsorption isotherm is an important aspect in
the study of adsorptive degradation of dye by the
adsorbents. The mechanism and working of adsor-
bent can be studied by these models. The adsorption
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Table 1. Effect of process parameters on the extent of removal of MB by CAC and EGBC at 30 +1°C

Amount

% Removal

Particle

size (1)

Dose of Initial

Contact

Initial
concentration

Adsorbents

Variation

Adsorbed

pH

ACs (g/1)

time
(min)

(ppm)
100 - 550 (300%)
200 - 650 (400%)

24.8 -132.5
49.8 - 157.5

73.95 - 74.99

99.20 - 96.34
99.50 - 96.95
98.6 0-99.86

90.55 - 98.60

90
90
90
90

7.2
7.2
7.2
7.2

30

CAC
EGBC

InitialConc(ppm)

30
5-50
5-50

300
400
300
400
300
400
300
400

CAC
EGBC
C

Contact time(min)

0.55 - 98.6

66.3 - 74.85
98.92 -99.9

90 88.45 - 99.82

90

7.2
7.2
2-11
2-11

1.5-2.4
1.5-2.4

AC

Dose of ACs (g/1)

98.95 - 99.90
91.46 - 99.46

90.55 - 98.47

EGBC

68.6 - 74.61
90.55 - 98.4

90
90

30
30
30
30

CAC
EGBC

Initial pH

7.2
7.2

CAC
EGBC

Particle size (i)

92.51 - 65.23 85.26 - 97.8

45-250

* Optimum Initial Concentration
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isotherms express the quantitative correlation between the
dye concentration and the mass of dye adsorbed at a given
time, dose, and pH. This experiment enables to calculate
greatest adsorption capacity of the adsorbent which de-
pends on mathematical model applied. Langmuir and
Freundlich models are midst explaining solid-liquid sorp-
tion systems. The adsorption capacity and dye concentra-
tion in the solution were calculated as per the literature. In
order to determine the adsorption potential, the study of
adsorption isotherm is essential in selecting an adsorbent
for the removal of dyes (Jain and Gogate, 2018).

The adsorption data were analyzed with the help of
Freundlich and Langmuir isotherms.

Freundlich isotherm: log q, = log k + (1/n) log C_ .. (3)

Langmuir isotherm: (C,/q) = (1/Qb) + (C./Q) .. (4)

Where, k and 1/n are the measures of adsorption capac-
ity and intensity of adsorption, respectively. q is the
amount dye adsorbed per unit mass of adsorbent (in mgg-
") and C_ is the equilibrium concentration of dye (in mgL"
or ppm); Q_ and b are Langmuir constants, which are the
measures of monolayer adsorption capacity (in mgg™) and
surface energy (in g L), respectively. The values of
Freundlich and Langmuir constants obtained from the lin-
ear correlation between the values of (i) log q, and log C_
(i) (C,/q,) and C_. They are found to be linear (Figure 2A,
2B). The applicability of Langmuir isotherm indicates the
formation of mono-layer and also nature of adsorption
process. The values of adsorption isotherm constants along
with the correlation co-efficients are presented in Table 2.
In order to compare the validity of each model a normal-
ized standard deviation, Xq (%) is calculated using the fol-
lowing equation.

Aq (%) = 100 x [(Z[(q=P—q=)/qe D)/ (n-1)]* .. (5)
Where the superscripts, exp. and cal. are the experimen-

Table 2. Freundlich and Langmuir parameters of adsorption
isotherms for the removal of MB by CAC and EGBC at

30 =1°C.
S.No DParameters CAC EGBC
1 Freundlich isotherm
Slope(1/n) 0.348 0.457
Intercept (logk) 18.25 15.452
r-value 0.9597 0.9506
2 Langmiur isotherm
Slope (1/Q,) 0.087 0.079
Intercept (1 /Q,b) 57.26 52.26
r-value 0.9978 0.9959
Q, (mgg™) 157.25 146.27
b (gL™) 5.782 6.254
R, =1/(1+Cb) 0.028 0.023
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Fig. 2. (A) Freundlich and (B) Langmuir adsorption isotherms for the removal of MB onto CAC and EGBC

tal and calculated values of q,viz., the amount
adsorbed at different time t and n is the number of
measurements. The Aq (%) values are also given in
Table 3. Based on the low values of Aq (%), it is con-
cluded that the adsorption of MB can best be de-
scribed by the Langmuir adsorption isotherm. This
indicates the applicability of Langmuir isotherm and
the mono-layer coverage on adsorbent surface
(Kannan and Karuppasamy, 1998). The mono-layer
adsorption capacities (Q,) of the adsorbents are
found to be of the order:

EGBC< CAC

Adsorption capacity of EGBC is better and nearer
to CAC. Further, the essential characteristics of the
Langmuir isotherm can be described by a separation
factor, R which is defined by the following equa-
tion (Kannan and Vanangamudi, 1991; Kannan and
Pagutharivalan 2012).

Table 3. Results of Correlation Analysis of Adsorption

Data
S. Parameters Values
No. CAC EGBC
1 Natarajan and Khalaf equation
Correlation coefficient (r) 0.9757 0.9602
10%k (min.) 36.45 33.58
Aq(%) 0.8955 0.895
2 Lagergren equation
Correlation coefficient (r) 0.9755 0.9473
10°k (min.) 17.25 12.45
Aq(%) 24.78 34.25
3 Bhattacharya and Venkobachar equation
Correlation coefficient (r) 0.9252 0.9635
10°k (min.) 25.45 18.56
Aq(%) 25.48 182.45

R =[1/1+bC)] .(6)

Where, R, is the separation factor, C, and b are
the initial concentration of dye (in mg L or in ppm)
and Langmuir constant (in g L"). The value of R ,
indicates the shape of the isotherm and nature of the
adsorption process as given below;

R, value Nature of adsorption process
R >1 Unfavourable

R =1 Linear

0<Ri<1 Favourable

R, =0 Irreversible

In the present study, the value of R, (0.028 and
0.023) indicates that the adsorption process is
favourable for this low cost adsorbent.

Effect of contact time

The effect of contact time on the amount of MB
adsorbed is observed at the optimum initial concen-
tration of MB. The relevant data are given in Table 1.
The maximum dye removal occurs during initial
phase due to the availability of maximum sites
which are active for dye sorption and as time in-
creases the dye removal enhances slowly due to the
lesser number of active sites left for adsorption
(Kannan and Pagutharivalan, 2012). In this study,
the extent of removal of MB by these adsorbents is
found to increase exponentially and reach a maxi-
mum value with increase in contact time (Figure 3).
The relative increase in the extent removal of MB
after 30 min., of contact time is not significant and
hence it is fixed as the optimum contact time. The
contact time experiments are useful to investigate
the influence of system parameters on the rate and
extent of adsorption (Kannan and Pagutharivalan,
2012).
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Kinetics of adsorption

The kinetics and dynamics of adsorption of MB
these two adsorbents have been studied by applying
the various first order kinetic equations, proposed
by Natarajan-Khalaf-as cited by (Trivedi et al., 1973;
Bhattacharya and Venkobachar, 1984; Crank, 1933).

100+
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£
// —#— CAC- MB
E —— -
92 / e EGBC-MB
90 T T T T T
0 10 20 30 40 50

Contact time (min)

Fig. 3. Effect of contact time for the extent removal of MB
onto CAC and EGBC

Natarajan and Khalaf equation :

Log (Ci/C)=(k/2303)t —— (7)
Lagergren equation :
Log (qe- qt) =log q,— (k / 2.303)t— (8)
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Bhattacharya and Venkobachar equation: Log [1
-UM]=-(k/2303)t ———(9)

Where k is the first order rate constant (min.") for
adsorption of MB. C, and C, are the concentration
of dye (in mg L™ or ppm), at time zero and at time t
respectively; q_ and q, are the amount of dye
adsorbed per unit mass of the adsorbent (in mg g
') and at time t respectively,

Where U (T) = [(Ci-Ct) / (Ci- Ce)] .. (10)

Where Ce is an equilibrium concentration of MB
(mg L"). The values of (i) log (C,/C), (ii) log (q.- q,)
and (iii) log [1-U (T)] are linearly correlated with
time (t). The values of first order rate constant (k), Aq
(%) and correlation co-efficient (r-value) are given in
Table 3. The linear correlations are found to be sta-
tistically significant, indicating the applicability of
these kinetic equations and the first order of the ad-
sorption process of MB on these adsorbents.

The rate of adsorption (k-value) for CAC and
EGBC are obtained from Lagergren equation and it
is found to be almost equal with the value obtained
from Bhattacharya and Venkobachar equation.
Hence any one of these kinetic equations could be
used in future to calculate k-value for the adsorption
of dyes. Based on the high r-values, which are close
to unity and low Aq (%) values, it is concluded that
the Lagergren equation is applicable to the kinetics

EBG BC - WA= 09473
® CAC- M8 r= 09755

T T T T
o 10 20 20 o 50
Comact time [ min

4.0 4
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324
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log [1-U(®)]
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16

®  CAC- MB r=00252
® EGBC-MB r=09635

T
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T
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T T
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Contact time (min.)

Fig. 4.
moval of MB onto CAC and EGBC

(A) Natarajan & Khalaf, (B) Lagergren (C) Bhattacharya and Venkobachar Plots for the re-
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of adsorption of MB.
Intra-particle diffusion model

The possibility of intra-particle diffusion process
was explored by using the Weber and Morris intra-
particle diffusion model (Agarwal et al., 2017).

q,= kpt“2 +C . (11)

Where q, is the amount of dye adsorbed (in mg g’
') at time t; C is the intercept and kp is the intra-par-
ticle diffusion rate constant (in mg g* min™). The
values of g, are found to be linearly correlated with
values of t'/2. The k  values were calculated by using
correlation analysis (Table 4). The values of g, are
found to be linearly correlated with values of t'/%.
The k values were calculated by using correlation
analysis (Table 4). The r-values are found to be close
to unity, indicating the application of this model.
This reveals the presence of intra-particle diffusion
process. The values of k _(mgg™ min."/?) of the ad-
sorbent indicates that the EGBC is more porous in-

Table 4. Statistical results of intra-particle models for the
adsorption of MB on CAC and EGBC at 30+1°C.

S.  Parameters Adsorbents
No. CAC EGBC
I Intra-particle diffusion model
kP 168.5 3.154
Correlation coefficient(r) 0.9865 0.9478
Intercept 30.14 0.847
Aq(%) 0.021 0.008
I Log (% Removal) vs log (time)
Slope 8.157 11.456
Correlation coefficient(r) 0.9785 0.9845
Intercept 1.478 1.654
Aq(%) 58.26 8.124
404
A

324

24

16 B CAC -MBr=09731

® EGBC -MB r=09846
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digenously prepared adsorbent. The values of inter-
cept (Table 4) give an idea about the boundary layer
thickness that is, larger the intercept greater is the
boundary layer effect.

The correlation of values of log (% removal) and
log (time) also resulted in linear relationships, which
indicates that the process of intra-particle diffusion
is taking place in these adsorption systems (Table 4).
The divergence in the values of slope indicates the
presence of intra-particle diffusion process as one of
the rate limiting steps, besides many other processes
controlling the rate of adsorption, all of which may
be operating simultaneously.

Effect of dose of adsorbent

The most important factors in assessing the adsorp-
tion effectiveness of low cost adsorbents are the ad-
sorbent dosage. The effect of dose of adsorbent on
the amount of MB adsorbed has been studied (Table
1). Adsorbent surface area and availability of more
adsorption sites play a key role in the increase in
adsorption with the adsorbent dosage. As adsorbent
pore size and vacant sites match with the adsorbate
the dye molecule adsorption amount to the adsor-
bent surface increases otherwise it limits the rate of
adsorption (Kannan and Pagutharivalan, 2012;
Kannan and Pagutharivalan, 2013; Kannan and
Pagutharivalan, 2013). In this study, the value of
amount adsorbed (q) is observed to increase expo-
nentially with increase in dose of adsorbent. This
may be due to the increase in availability of surface
active sites resulting from the increased dose and
conglomeration of the adsorbent. The value of per-
centage removal of MB (Table 1) increase exponen-
tially with increase in dose of adsorbent (Figure 6A).
This suggests that the adsorbed species (dye) may

1.98 4

1.96 4

log (%R)

- B CAC -MB r=09645

EGBC - MB r=10.9213

1.94 4

T T T T T
0.8 10 12 14 L6 18
log (time)

Fig. 5. (A) Intra-Particle diffusion (B) log (time) Vs log (%Removal) Plots for the removal of

MB onto CAC and EGBC



SANKARI ET AL

either block the access to the internal pores or causes
particles to aggregate and there by resulting in the
availability of active sites for adsorption
(Ramakrishna and Viraraghavan, 1997).

Effect of initial pH

MB is a cationic dye, which exists in aqueous solu-
tion in form of positively charged ions. As a charged
species, the degree of its adsorption onto the adsor-
bent surface is primarily influenced by the surface
charge on the adsorbent, which in turn is influenced
by the solution pH (Kannan and Karuppasamy
1998). The dye removal experiments are conducted
in the batch studies with pH ranging from pH 2 to
11. The effect of initial pH of the dye solution on the
amount of dye (MB) adsorbed has been studied by
varying the initial pH, under constant conditions of
other process parameters (Table 1). The optimum
pH which achieve high removal of MB is pH 7.2.
The results are shown in (Figure 6B). The increase in
initial pH almost linearly increases the amount of
MB adsorbed. The change in initial pH values of dye
solution significantly affect the adsorption charac-
teristics of basic dye indicating that removal of MB
(basic dye) is enhanced by basic solution. This result
is in harmony with the literature reports for basic
dye.

100

—
e ___._._.__c——" —
-— o - ./-——"'/
98
A
= 96
g
2 044
%
]
s 9
% o
90 4 —a— CAC-MB
—e— EGBC-MB
o
38

percentage Removal

IEH) lil] 1:10

Dose(mg)

5389

Effect of particle size

The amount of MB adsorbed increases linearly with
the increase in particle size of the adsorbent
(Pagutharivalan and Kannan, 2018). This is due to
the increase in available surface area with the in-
crease in particle size. The effect of particle size of
EGBC (except CAC) on the amount adsorbed is
shown in (Figure 6C). There exists a linear relation-
ship between the amount adsorbed and particle size,
as evidenced by the r-values close to unity in the ki-
netics and dynamics of adsorption of MB
(Pagutharivalan and Kannan, 2017 and Sankari et
al., 2025).

Characterization Studies
UV - Visible spectrophotometer

A stock solution of MB (1000 mgl™') was prepared
and suitably diluted to the required initial concen-
tration. The initial concentration (C,) of MB were
also checked by observing absorbance at 663 nm1__
in UV- visible double beam spectrophotometer
(model no: 1700 made by shimazu Japan) and then
interpolating it into the standard curve (Galindo et
al., 2000 and Kannan, 1991). We observed mainly
three absorption bands located at 545, 370 and 250
nm respectively.

100 4

98 4

914

84

77 4

Percentage Removal

T0 =

63

—&— CAC-MB
—&— EGBC-MB

T
100

T
150

T
200

Particle Size (u)

Fig. 6. (A) Effect of Dose (B) Effect of Initial pH (C) Effect of Particle Size Plots for the re-

moval of MB onto CAC and EGBC
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Fig. 7. UV Visible Spectrum of Methylene Blue Bengal

FT-IR Spectroscopic Studies

The FT-IR spectra of CAC and EGBC before and af-
ter adsorption of MB were used to determine the fre-
quency changes in the functional groups in the
adsorbents. FT-IR spectra of the adsorbent displays
number of absorption peaks, indicating the complex
nature of studied adsorbent (Socrates, 1981). Table
(5) presents the fundamental peaks of the adsorbent
before and after use. The peak around 3385.9 cm™
and 1708.5 cm™ represented bonded hydroxyl group
and C=0 stretching. The peak observed at 1708.5
cm™ corresponds to C=0 stretching. The peaks
around 1614.7cm™ corresponds to the C=C stretch-
ing and at 1037.4 cm™ corresponds to C-O band. The
observed peak of -OH, C=0 and C-O bands are
shifted to 3448, 1891 and 1082 cm*when CAC and
EGBC are loaded with MB (Figure 8,9). It seems that
these functional groups participate in dye binding
on the surface of CAC and EGBC.

Textural studies using SEM

Scanning Electron Microscope (SEM) study gives
useful information regarding the textural /morpho-
logical characteristics of the adsorbents (Richardson
et al., 2004). The SEM images of pure CAC and
EGBC (Figures 10, 11) show the porosity of the
structure. After dye adsorption, a significant change
is observed in the surface morphology of these
adsorbents. The adsorbents have a rough surface
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Fig. 9. FTIR Spectrum of before and after adsorption of
MB on EGBC

and pores containing a new shiny and bulky par-
ticle. It also shows that the particles can be included
to account for the irregularities. At higher magnifi-
cation, the globules are distinctly visible and they
appear to be quite uniform with internal porous
structures. The sizes of the particles of used
adsorbents were 90 microns. From the SEM picture
we find well aligned uniform pore network is devel-
oped upon activation and pore shape is spherical
layer structure (Bhadusha and Ananthabaskaran,
2011).

Table 5. FT-IR Spectroscopic characteristic frequencies (v in cm™) of CAC and EGBC before and after adsorption of MB.

Adsorbents O-H C-H >C=0 >C=C< C-O -CN =
stretching stretching stretching bending stretching stretching
CAC 3446-3454 2424-2432 1631-1660 1612-1550 1119-1121 e
CA -MB 3437-3440 2969-2719 1631-1657 1380-1385 1118-1123 1526-1532
EGBC 3385-3448 2924-2938 1708-1891 1611-1600 1032-1082 —
EGBC-MB 3444-3448 2244-2253 1733-1893 1444-1458 1037-1084 1560-1568
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Fig. 10. SEM images (A, B) of before and after adsorption
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Fig. 11. SEM images (C, D) of before and after adsorption
of MB on EGBC

Conclusion

MB was found to adsorb strongly and the equilib-
rium is practically achieved in 30 min. The percent-
age of removal of MB decreased with increase in
initial concentration and pH and increased with in-
crease in contact time, dose and particle size. The
adsorption data are modeled with adsorption iso-
therms and first order kinetic equations. Adsorption
process obeys Langmuir isotherm and Lagergren
equation and proceeds with first order kinetics, with
intra particle diffusion as one of the rate determin-
ing steps. The present study concludes that EGBC
could be employed as low-cost adsorbents as alter-
native to CAC for the removal of colour and dyes
from water and wastewater in general and for the
removal of MB in particular.
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