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ABSTRACT
Activated carbon prepared from Ceiba pentandra hull using ZnCl2 (ZnCPC) was investigated to find the feasibility and its
application for removal of methylene blue in aqueous solution through adsorption process. Batch mode kinetics and
isotherm studies were carried out to evaluate the effects of contact time, initial concentration, adsorbent dose, pH, and
temperature. Lagergren, Second order, and Banghams plots were used to fit the experimental data. Langmuir,
Freundlich, D-R and Temkin isotherm models have been employed to analyse the adsorption equilibrium data. The
Langmuir adsorption capacity Qo was found to be 134.5 mg g-1 of the adsorbent. pH effect and desorption studies showed
that physisorption mechanism was involved in the adsorption process. Removal efficiency of methylene blue from
synthetic wastewater was also tested.
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Introduction
Ever year a considerable volume of dye-laden effluents from manufacturing industries infiltrates the
water systems of many countries around the world [1]. The presence of dyes in effluents even at low
concentration produce a number of toxic products via hydrolysis, chemical method is very harmful to
human beings. Because of their low cost and potential applications in industries, more than ten thousand
new dyes are introduced annually [2]. Methylene blue (MB), a cationic dye is most commonly used as the
coloring agent for cotton, wool and silk. It is also used as a staining agent to make certain body fluids and
view tissues earlier during surgery and diagnostic examinations [3]. Consequently, MB readily absorbs
onto a wide variety of adsorbents from industrial waste [4] to advanced materials [5,6] including
minerals [7]. The medical application of MB include the treatment of methaemoglobinemia and cyanide
poisoning. Inspite of several applications, this dye has a number of negative impacts on human beings and
animals; such as irritation of mouth, throat, oesophagus and stomach with symptoms of nausea,
abdominal discomfort, vomiting and diarrhea. Skin contact may cause mechanical irritation resulting in
redness and itching [3] .
Various treatment processes such as adsorption [8,9,10], membrane process [11], coagulation-floculation
[12] and electrochemical oxidation [13] have been used for the removal of dye from wastewater. Due to
high efficiency, cost effectiveness and simple operation, adsorption of contaminants from wastewater has
received a great deal of attention [14]. The adsorption behaviour of MB onto TiO2 nanoparticle containing
hydrogel nanocomposite (HNC) of polyacrylamide-grated gum ghatti was highly influenced by
hydrophobic interaction [1].
Patra et al found an efficient polysacchride agar based adsorbent by modifying mono metallic/bimetallic
nanoparticle (Fe, Cu,/Pd, Fe/Cu and Fe/Pd) to remove methylene blue. The maximum adsorption capacity
of agar Fe/Pd nanoaparticle was found to be 875 mg/g respectively. The adsorption studies suggest that
bimetallic nanoparticle have more efficiency in comparison to monometallic system [15]. Various
adsorbents such as agar based bimetallic nanopartciles [15], Fe3O4/activated montmorillonite composite
[2], clay soil [16], citrus limetta peel waste [3], municipal sewage sludge and tea waste [17], oil palm
leaves [18], gum ghatti/TiO2 nanoparticles [1], Raspberry like TiO2@yeast microphores [19], Biochar
from pine wood, pig manure and cardboard [20], k-carrageenan–Fe3O4 nanoparticles [21], ᵞᵞ-Fe2O3/SiO2
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nanocomposite [22], Zirconium selenotunstophosphate [23] for removal of Methylene blue has been
reported. However they are not cost effective.
Ceiba pentandra tree is widely distributed in deciduous forests of western and eastern India. All the plant
parts like root, bark gum, leaf and cotton from fruit are widely used. Ceiba pentandra hull is non toxic,
biodegradable, light weight agricultural waste of less importance. Activation of ceiba with ZnCl2 generates
more interspaces between carbon layers leading to more micro porosity and more surface area compared
to the carbon prepared in the absence of ZnCl2. The increase in porosity with ZnCl2 activation suggests
that the porosity created by this reactant is due to the spaces left by ZnCl2 after the corresponding
washing. ZnCl2 activation causes electrolytic action termed as “swelling” in the molecular structure of
cellulose, which leads to the breaking of lateral bonds in the cellulose molecules resulting in increased
inter- and intra- voids. ZnCl2 promotes the development of porous structure of the activated carbon
because of the formation of small elementary crystallites [24].
In this study, the focus is to evaluate the potential of ZnCl2 activated ceiba pentandra hull carbon for
adsorption of methylene blue from aqueous solution. Adsorption dynamics, isotherm, effect of pH,
adsorbent dose and temperature were studied. Application to treatment of synthetic wastewater
containing methylene blue was also carried out.
MATERIAL AND METHOD
Ceiba pentandra hull was collected from local industries. It was dried in sunlight for 5 h. The dried ceiba
hull (200 g) was stirred in a boiling solution of anhydrous ZnCl2 (100 g in 1 liter of distilled water) for 1 h, then
the remaining solution was drained off and dried at 60oC for 12 h. This material was packed in a steel
container and placed inside an another concentric steel container packed with sand. The whole set up was
placed in a muffle furnace at 700oC and carbonization was done for 1 h. After cooling the excess zinc chloride
present in the carbonized material was leached out by immersing in 1 M HCl solution for about 24 h in an oven
at 80oC. Then the carbon was repeatedly washed with water to get rid of traces of HCl and ZnCl2. This was
ascertained by analyzing the wash water each time using silver nitrate. The carbonized material was sieved to
250 to 500 μm size and characterized using physico-chemical methods and used for adsorption studies [25].
Experimental solutions of MB were prepared using analytical reagent grade obtained from Loba chemie,
Mumbai. Synthetic waste waters containing MB of 20 and 60 mgL-1 were prepared using analytical
reagent grade salts, NaCl, CaCl2, Na2CO3, NaHCO3 and Na2SO4 and their composition: chloride (49.6 mg L1), sulfate (58 mg L-1), calcium (20 mg L-1), carbonate (10 mg L-1) and sodium (59.6 mg L-1) [26].
Batch mode adsorption studies were carried out by agitating 50 mg of CPC/ZnCPC with 50 ml of MB
solution of desired concentration on a thermostated rotary shaker (ORBITEK, Chennai, India) at 200 rpm,
350C and at an initial pH 2.0. At the end of adsorption, the solution and adsorbent were separated by
centrifugation at 10,000 rpm for 20 min and the concentration of residual MB was determined
spectrophotometrically using UV –Visible spectrophotometer at 690 nm (Specord 200, Analytic Jena,
Germany). Effect of contact time was studied by withdrawing samples at predetermined time intervals
and then residual concentration was analyzed as before. Effect of pH was studied in the pH range 2.0 to
11.0 by adjusting the pH using 0.1 M HCl and 0.1 M NaOH solutions by means of a pH meter (Elico, Mode
LI-107, Hyderabad, India). Effect of adsorbent dose was studied with different adsorbent doses (10-250
mg) for MB solutions (20-100 mg L-1).
Effect of temperature on adsorption of MB was studied using 20-100 mg L-1 concentration and 50 mg of
the adsorbent at 35, 40, 50, 60 oC in a thermostated rotary shaker. The adsorbent (50 mg per 50 ml) that
was used for the adsorption of 20-100 mg L -1 of MB solution was separated from the solution by suctionfiltration using Whatman filter paper and washed gently with water to remove any unadsorbed MB. Then
the spent adsorbent was mixed with 50 ml of distilled water whose pH was adjusted to various values
(2.0-11.0) and agitated at time intervals longer than the equilibrium time. Then the desorbed MB was
estimated as before.
RESULTS AND DISCUSSION
The physio-chemical characteristics of ZnCPC in comparison with the CPC is given in Tables 1. The ZnCPC
has a higher surface area (786 m2 g-1) compared to the CPC (184 m2 g-1). Most of the surface (80%) and
pore volume (72%) was made up by pores smaller than 2 nm in pore width, the so called micropores. The
carbon has a sponge like structure, due to the very high value of the fractal dimension with 2.93.As the
pore diameter is less than 2 nm, ZnCPC can be considered as nano porous carbon [25]. In the present study,
SEM was used to assess morphological changes in the carbon surfaces following adsorption of the MB.
ZnCl2 activated ceiba pentandra hull carbon before adsorption (250 X magnification) revealed voids with
a large number of pores (Figure 1a). After adsorption the pores were filled by MB (Figure 1b). Coverage of
the surface of the adsorbent due to adsorption of the adsorbate molecule presumably leading to
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formation of a monolayer of the adsorbate molecule over the adsorbent surface is evident from the
formation of white layer (molecular cloud) of uniform thickness and coverage (spread). The preparation
of activated carbon from solid olive waste with 20% ZnCl2 after mixing and subjected to vaccum drying
with 500 times magnification reveals solid has different types of pores with different parameters and
there was a scattering of salt particles on the surface of the activated carbon [27]. This was due to the
presence of remaining zinc chloride or other metal compounds on the activated carbon. Some particles
were even trapped into the pores and could possibly block the entry of pores to some extent [24].
Effect of reaction time and kinetics
The amount of MB adsorbed (mg g-1) increased with increase in agitation time and reached equilibrium.
The equilibrium time was found to be 90, 120, 150, 160 and 180 min for 20, 40, 60, 80, 100 mg L-1,
respectively. The amount of MB removed at equilibrium increased from 9.830 to 73.42 mg g-1 with
increase in MB concentration from 20 to 100 mg L-1. It shows that the adsorption at different
concentrations was rapid in the initial stages and gradually decreased with the progress of adsorption
until the equilibrium was reached.
Adsorption kinetics
Adsorption kinetic models correlate the adsorbate uptake rate with bulk concentration of the adsorbate.
Kinetic data were fit into Lagergren [28], Second order [29] and Banghams pore diffusion [30] models.
The first order kinetic model is represented as:
log (qe-q) = log qe – k1t/2.303
(1)
where qe and q are the amounts of MB adsorbed (mg g-1) at equilibrium and at time t, respectively, and k1
is the Lagergren rate constant of first order adsorption (min-1).
The second order kinetic model is expressed as:
t/q = 1/k2qe2 + t/qe
(2)
where k2 is the rate constant of second order adsorption (g mg-1 min-1).
The experimental qe values were closer to the calculated qe values obtained from the second order kinetic
plots compared to those of the first order kinetic plots (Table 2). The correlation coefficients are closer to
unity for second order kinetic model. Therefore, the adsorption kinetics can well be approximated more
favorably by second order kinetic model for MB. Similar phenomenon has been observed in the
adsorption of MB by NaOH activated chitosan flakes [31].
Bangham’s equation was used to evaluate whether the adsorption is pore-diffusion controlled.
(3)
loglog C 0 C 0  qM    logK 0 M 2.303V    log t





where C0 is initial concentration (mmolL-1), V is volume of the solution (ml), M is weight of the adsorbent
(g dm-3), qm is amount of adsorbate retained at time ‘t’(mmolg-1) and α, K0 are constants. The values of α
and K0 are given in Table 2. Plots of log {log [C0 / (C0-qM)]} vs log t (R2= 0.93 to 0.99) were found to be
linear for different concentrations at 35oC which confirms that the adsorption is pore-diffusion
controlled.
Increase in adsorbent dose increased the removal of MB and quantitative removal occurred at 150, 200, 250,
300 and 400 mg per 50 ml adsorbent dose for 20, 40, 60, 80 and 100 mg L-1 concentration of MB, respectively.
Increase in adsorption with adsorbent dose is attributed to greater surface area and the availability of more
adsorption sites.
Adsorption isotherms
The equilibrium adsorption isotherm is fundamentally very crucial in designing adsorption systems. In
this study, adsorption of MB by ZnCPC was analyzed by well documented Langmuir (Eq.4) [32],
Freundlich (Eq.5) [33], Dubinin-Radushkevich (Eq.6) [34] and Temkin (Eq.7) [35] isotherm models given
below, respectively (Fig.2).
Ce/qe =1/Q0b+Ce/Q0
(4)
log
qe
= log kf + 1/n log Ce
(5)
ln qe = ln qm – ßє2
(6)
qe = B ln A + B ln Ce
(7)
where in Eq.4, Ce is the concentration of MB solution (mg L-1) at equilibrium, Q0 gives the theoretical
monolayer adsorption capacity (mg g-1) and b is related to the energy of adsorption (mg L-1). In Eq.5, kf
and 1/n are the constants that can be related to adsorption capacity and the intensity of adsorption
respectively. In Eq.6, qm is the theoretical saturation capacity (mol/g), ß is a constant related to the mean
free energy of adsorption per mole of the adsorbate (mol2/J2), and є is the Polanyi potential. In Eq. 7, A
and B are constants.
Langmuir constants, Q0 and b, were calculated from the linear plot of Ce/qe vs Ce and found to be 134.5
mg g-1 and 0.9689 L mg-1, respectively. The adsorption capacity of cebia pentandra hull carbon (in the
absence of ZnCl2 activation) for MB was found to be negligible (0.012 mg L-1). Higher surface area and
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higher pore volume of the ZnCPC are responsible for the good adsorption capacity of the carbon for MB.
The Freundlich constants, kf and n were evaluated from the linear plots of log qe vs log Ce and found to be
81.66 mg1-1/n L1/ng -1 and 2.14, respectively. The value of n lies between 1 and 10 indicating favorable
adsorption [36]. The D-R constants qm and ß were evaluated from the linear plots of ln qe vs є2 and found
to be 1596 mol g-1 and 3x10-9 mol2 J-2, respectively. The constant ß give an idea about the mean free
energy E (kJ mol-1) of adsorption [34]. The value of E (12.9 kJ mol-1) is between 8 and 16 kJ mol-1 which
shows that the adsorption follows physisorption mechanism [37]. The Temkin isotherm constants A and
B were found to be 4.001 Lmg-1 and 10.6 mg g-1, respectively. Langmuir, Freundlich, D-R and Temkin
constants for adsorption of MB by various adsorbents reported in literature are presented in Table 3. Taking
into account the cost of other activated carbons and ZnCPC; it is obvious that ZnCPC is cost effective, because
the raw material is an unwanted waste and does not have any commercial value.
Figure 2 presents different adsorption isotherms along with the experimental data. In order to compare
the validity of isotherms, a normalized deviation, ∆q(%), was calculated using the following equation
[38]:

q %   100 

 q

exp
e

 qe

cal

q 

exp 2

e

(8)

n  1

where superscripts ‘exp’ and ‘cal’ are the experimental and calculated values, respectively, and ‘n’ is the
number of measurements. From the results, it was found that values of ∆q obtained from Langmuir [∆q(%)
=3.7], and Freundlich [∆q(%) =7.78], were lower compared to D-R [∆q(%) = 11.8] and Temkin [∆q(%) = 29.3]
adsorption isotherm models. It shows that the equilibrium data fit better with Langmuir and Freundlich
isotherms over the entire range of concentrations compared to D-R and Temkin isotherms. Increase of
temperature hardly increased the amount adsorbed at equilibrium, qe (Table 2) which shows that
temperature had no effect on adsorption.
Effect of pH
The effect of solution pH on the adsorption of MB using ZnCPC was studied in dye solution of different pH
values. Initially, the removal decreased with increase in the solution pH (Fig.3). In the acidic medium, the
positively charged amino groups of MB becomes protonated, therefore the excess of H+ ions on the surface
competes with cationic dye for adsorption sites. This result in electrostatic repulsion between ZnCPC surface
and dye. When the pH is greater than zpc, the concentration of H+ion decreased in the solution and there exist
competitive adsorption and repulsive interaction between MB and H+ions increasing the adsorption amount.
But in more basic medium (ie.>8.0), the hydroxyl ions may get interacted with positively charged dye molecule
resulting in poor binding [15]
Batch mode desorption studies
Desorption studies helps to elucidate the mechanism of adsorption and recover the precious MB and
adsorbent. As the desorbing pH was increased, the per cent desorption increased from 4.13% at pH 2.0 to 54
% at pH 6.0 and then decreased to 11.06 % at pH 11.0 for 60 mg L-1(Fig. 3). This is due to the increased
concentration of OH- leading to electrostatic repulsion between positively charged MB dye and surface. Studies
on both pH effect and desorption show that physisorption was involved for the removal of MB by ZnCPC.
Tests with synthetic wastewater
Effect of pH and adsorbent dose on the adsorption of MB from synthetic waste water is similar to pure MB
solutions. Maximum removal of 83.9 and 75 %, respectively, was observed at pH 10.0 for the MB
concentrations 20 and 60 mg L-1 in the wastewater compared to 89.1 and 79 % in pure MB solutions.
Quantitative removal was observed at an adsorbent dose of 100 and 300 mg /50ml for the MB concentrations of 20
and 60 mg L-1, respectively, in the waste water compared to 70 and 250 mg/50 ml in pure MB solutions. Lower per
cent removal in pH effect and higher adsorbent dose requirement in adsorbent dose effect for the removal of
MB in wastewater are attributed to the presence of other competiting components such as Cl- and SO42- in the
waste water.
Table 1: Physio-chemical characteristics of activated Cebia pentandra hull carbons
Parameter
Specific surface area (m2 g -1 )
Total pore volume (cm 3 g-1 )
Micropore area (m 2 g-1 )
Micropore volume (cm3 g-1 )
pH ZPC
Conductivity (1% solution) (mS/cm)
Mechanical Moisture content (%)
Ash content (%)
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With ZnCl2 activation
786
0.363

Without ZnCl2 activation
184
0.122

284.0
0.131
3.7
0.18
9.0
4.21

89.3
0.091
8.00
2.30
5.88
8.00
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Porosity (%)
Decolorizing power (mg g-1 )
Iodine number (mg g-1 )
Ion exchange capacity (meq g-1 )
Zinc (%)
Zinc leached (%)
Ash analysis:
Sodium (%)

89.1
137.00
210.04
0.11
0.02
0.01

75.1
21.00
101.52
Nil
-

5.1

0.14

Potassium (%)
Calcium (%)

1.2
0.78

0.18
0.22

Phosphorous (%)

0.01

0.01

Table 2 : Comparison of first order and second order adsorption rate constants and Banghams constants
and calculated and experimental qe values for different initial MB concentrations and for different
temperatures
Parameter
Conc.in
(mgL-1)*

qe(exp)
mg g-1

First order Kinetics
k1(min-1)
qe(cal)
(mg g-1)

0.99
0.98
0.98
0.95
0.98

Second order Kinetics
k2
qe
(g mg min-1)
(cal)
(mgg-1)
0.0076
10.18
0.0035
17.86
0.0016
36.03
0.0013
51.77
0.0006
74.51

20
40
60
80
100
Temp 0C+
35
40

9.83
17.32
35.16
51.26
73.42

0.039
0.016
0.021
0.024
0.028

7.71
12.36
21.33
26.31
52.32

0.99
0.99
0.99
0.99
0.99

11.3
19.7
31.2
42.1
60.1

0.41
0.34
0.30
0.32
0.38

0.93
0.99
0.98
0.97
0.96

9.83
9.81

0.039
0.041

7.71
7.42

0.96
0.93

0.0076
0.0072

10.18
10.6

0.99
0.99

11.3
11.4

0.41
0.40

0.93
0.97

50
60

9.82
9.83

0.043
0.044

7.90
7.16

0.96
0.98

0.0075
0.0071

10.12
10.21

0.99
0.99

11.5
11.1

0.39
0.38

0.95
0.97

R2

R2

Banghams Model
ko
α
R2

*Conditions: Adsorbent dose, 50 mg/50 ml; pH 10.0; Temp. 35 oC.
+Conditions: Conc., 20 mg L-1; Adsorbent dose, 50 mg/50 ml; pH 10.0.
Table 3 : Langmuir, Freundlich, D-R and Temkin constants for adsorption of MB by various
adsorbents reported in literature.
Adsorbent

Qo
(mg g-1)

b
(Lmg-1)

kf
mg1-1/n
L1/ng-1

n

qm
(molg-1)

E
kJ/mol

B

Référence

134.5

0.969

81.7

2.14

1596

12.9

10.6

Present
study

1305

0.42

916

1.2

918

0.40

68.8

[1]

Citrus limetta
peel
Agar based
bimetallic
nanoparticles
Sewage
sludge+Tea
waste
Raspberry with
TiO2
Γ-Fe2O3/SiO2

227.3

0.02

8.75

1.5

a

a

83.1

[3]

2272

0.011

18.79

1.07

a

a

107.5

[15]

12.5

0.15

8.15

1.0

3.14*10-5

21.82

1782

[17]

102

0.23

43.3

1.1

97.61

1.47

a

[19]

26.62

0.15

10.3

5.1

23.9

0.43

a

[22]

NaOH activated
chitosan flakes

121.4

a

73.5

8.97

a

a

10.3

[31]

Cebia pentandra
hull carbon
(in the presence
of ZnCl2
activation)
Gum ghatti/TiO2

a - Not reported.
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(a)
(b)
Figure 1 SEM morphology of Cebia pentandra a)before and b)after adsorption
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Figure 2 Adsorption isotherms for MB onto ZnCPC

0
12

Initial pH

Figure 3 Effect of pH and desorption on MB
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CONCLUSIONS
The present study shows that ZnCl2 activated carbon developed from an agricultural waste, Ceiba
pentandra, is an effective adsorbent for the removal of MB from aqueous solution. Equilibrium adsorption
data fit better into Langmuir and Freundlich isotherms compared to D-R and Temkin isotherms.
Adsorption kinetics followed second order and Banghams model. Langmuir adsorption capacity was
found to be 134.5 mg g-1. Adsorption was found to be maximum at pH 10.0. pH effect and desorption
studies show that physisorption mechanism was involved in adsorption process. Quantitative removal of
MB from synthetic wastewater using ZnCPC was also achieved.
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