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ABSTRACT The ability of cocoa shell activated carbon (CSAC) was used to remove Basic blue 12 (BB12) dye from aque-

ous solution by adsorption have been studied. Equilibrium isotherms for the adsorption of BB14 onto CSAC
were measured experimentally. Results were analyzed by Langmuir, Freundlich, Tempkin and Harkin’s-Jura isotherm equations using
a linearised correlation coefficient. The Langmuir isotherm gave the best correlation for the adsorption of BB12 onto CSAC. Thermo-
dynamic parameters such as AH®, AS° and AG° were evaluated. The positive enthalpy shows that the adsorption process was endother-
mic in nature. The results show that CSAC holds a great potential in removal of BB12 dye from industrial wastewater.

1. INTRODUCTION

Synthetic dyes are used extensively in dyeing and printing pro-
cesses. Textile and dyeing industry effluents can create serious
environmental pollution problems when they are discharged
into water bodies [1]. The colored wastewater discharge into
environmental water bodies interferes with transmission of
sunlight into streams, therefore, reduces photosynthetic activ-
ity. In addition, some dyes are either toxic or mutagenic and
carcinogenic adverse effect of dyes on environment and hu-
man such as skin, lung and other respiratory disorders are also
reported [2]. Several techniques have been developed to treat
dye effluents such as microbial degradation, chemical oxidation,
membrane separation, electrochemical treatment, adsorption
and reverse osmosis [3]. Among these techniques, adsorption
is generally preferred due to easy handling, high efficiency, low
energy input and availability of different adsorbents. The most
commonly used adsorbent for dye removal was activated car-
bon [4].

2. MATERIALS AND METHODS

2.1 Adsorbent preparation

Cocoa shell, an agro-waste collected from local agricultural field
was air-dried and allowed to chemical activation, by the addi-
tion of 50% sulfuric acid with constant stirring (w/v). The re-
sulting black product obtained was kept in muffle furnace main-
tained at 550°C for 7 hours. The carbon obtained was washed
with double distilled water and soaked in 10% sodium bicarbo-
nate solution and allowed to stand overnight to remove the re-
sidual acid from pores of the carbon. The material was washed
with distilled water, until the pH of the adsorbent reached 7.0.
Then it was dried in a hot air oven at 10045 2C for 12 hours. The
dried material was ground and sieved to get the particle size of
150um and stored in an airtight container. The physico-chem-
ical characteristics of CSAC were studied as per the standard
testing methods and reported in our earlier paper [7].

2.2 Adsorbate preparation

Stock solution of Basic blue 12 (Molecular formula:
C20H20CIN30, M.W.: 353.84, C.I. n0.51180, CAS: 2381-85-3)
was prepared by dissolving 1gm of dye in 1000ml of double dis-
tilled water to give the concentration of 1000mg/L. The stock
solutions were diluted with known initial concentrations say
20, 40, 60 and 80mg/L in accurate proportions.

2.3 Adsorption experiments

Adsorption experiments were carried out in temperature con-
trolled orbital shaker at a constant speed of 125rpm using
250mL conical flasks containing 100mg of activated carbon with
50mL of dye solution at 35°C. All the experiments were carried
out at pH of 7+0.5. After agitating the flasks for predetermined
time intervals, samples were withdrawn from the flasks and the
adsorbents were separated from the solution by centrifugation
(REMI make) at 2000rpm for 10 minutes.

3. RESULTS AND DISCUSSION
3.1 Effect of agitation time and initial concentration
To study the effect of dyes initial concentration and contact

time on adsorption uptake, BB12 solution with initial concen-
trations 20-80mg/L were agitated with 100mg of CSAC. The
experimental results of adsorption of BB12 onto CSAC at vari-
ous initial concentrations are shown in Fig. 1. The adsorption at
different dye concentrations was rapid at the initial stages and
then gradually decreases with the progress of adsorption until
the equilibrium was reached. The rapid adsorption at the initial
contact time can be attributed to the availability of the posi-
tively charged surface of activated carbon. As shown in Fig. 1,
the contact time needed for BB12 solution to reach equilibrium
was 120mins. The results indicated that there was no change
in the sorption capacity after 120mins; therefore 180mins was
fixed as the agitation time for isotherm studies. The adsorption
capacity at equilibrium (qe) increased from 5.22 to 35.56mg/g
with an increase in the initial concentrations from 20 - 80mg/L.
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Fig. 1 Effect of agitation time on adsorption: Initial concen-
tration variation

3.2 Adsorption isotherm

To optimize the design of an adsorption system for the adsorp-
tion of dye wastewater, it is important to establish the most
appropriate correlation for the equilibrium curves. Langmuir,
Freundlich, Tempkin and Harkin’s-Jura isotherm models were
used to describe the equilibrium characteristics of adsorption.

3.2.1 Langmuir isotherm

The basic assumption of the Langmuir theory is that sorption
takes place at specific homogeneous sites within the adsorbent.
It is then assumed that once a dye molecule occupied a site, no
further adsorption can take place at that site. Theoretically,
therefore, a saturation value is reached beyond no further sorp-
tion can take place [8]. The linear form of Langmuir model is
represented by equation

Co o lgy+se ®3)

9. b Q,
where, Ce is equilibrium constant of dye (mg/L), qe is amount
of dye adsorbed at equilibrium (mg/g), Q0 is Langmuir constant
related to adsorption capacity (mg/g), b is Langmuir constant
related to energy of
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Fig. 2 Adsorption isotherm plots

(a) Langmuir plot (b) Freundlich plot

(c) Tempkin plot (d)Harkin’s —-Jura plot

adsorption capacity (L/mg). The linear plot of Ce/qge versus Ce
for 308K, 318K and 328K was shown in Fig. 2(a). The constants
QO and b can be calculated from slope and intercept of the plot
and the values are tabulated in Table-1. The shape of the Lang-
muir isotherm was investigated by the dimensionless constant
separation term (RL) to determine high affinity adsorption. RL
is calculated as follows

1

S N )
1+bC

L

where, Co is the initial dye concentration(mg/L). RL indicates
the type of isotherm to be irreversible (RL= 0), favorable (0 <
RL< 1), linear (RL = 1) (or) unfavorable (RL > 1). In the present
investigation, the RL values were less than one which shows the
adsorption process was favorable.

3.2.2 Freundlich isotherm

Freundlich isotherm is driven by assuming a heterogeneous
surface with a non-uniform distribution of heat of adsorption
over the surface [9].

Table-1 Results of various isotherm plots

Temperature, K 308 318 328
Langmuir

Q0 (mg /g) 55.55 58.82 62.5
bx10-3 (L/mg) 11.1 10.9 10.8
RL 0.4443 0.4482 0.4477
r2 0.998 0.996 0.996
Freundlich

n 1.88 1.85 1.87
kf (mg/g) 2.5 2.55 2.75
r2 0.991 0.994 0.993
Tempkin

a(L/mol) 0.09 0.08 0.09
B 13.46 14.45 14.76
b 190 184 185
r2 0.997 0.996 0.996
Harkin’s-Jura

A 250 333 333
B 2.25 2.66 2.67
r2 0.933 0.930 0.933

3.2.3 Tempkin isotherm

Tempkin isotherm contains a factor that explicitly takes into ac-
count adsorbing species-adsorbate interactions. This isotherm
assumes that; (i) the heat of adsorption of all the molecules in
the layer decreases linearly with coverage due to adsorbate-
adsorbate interactions, and (ii) adsorption is characterized by a
uniform distribution of binding energies, up to some maximum
binding energy [10]. Tempkin isotherm model is represented by
the equation

RT
g, =4I 4C, (6)

The linear form of Tempkin equation is

q.=pha+phC, (7
where,
RT
#=-1= (8

T is the absolute temperature in Kelvin, R is the universal gas
constant, 8.314 J/(molK), b is the Tempkin constant related to
heat of sorption (J/mg) and A the equilibrium constant corre-
sponding to the maximum binding energy (L/g)

The Tempkin constants a and b are calculated from the slope
and intercept of ge versus InCe (Fig. 3(c)) and parameters are
given in the Table-1.

3.2.4 Harkin'’s - Jura isotherm
Harkin’s - Jura isotherm assumes the presence of multilayer ad-
sorption with the existence of heterogeneous pore distribution
[11]. The Harkin’s-Jura isotherm is expressed as

TR A (9)

de
where, Ce is the equilibrium concentration of the dye in solution
(mg/L), ge is the amount of dye adsorbed onto the adsorbent
(mg/g), A and B are the isotherm constants. The plot of 1/qe2
versus logCe gives a linear plot(Fig.3(d)) and the isotherm con-
stants and correlation coefficients are given in Table -1.

3.3 Adsorption Thermodynamics
The thermodynamic parameters like AH®, AS® and AG® of ad-
sorption were measured based on van't Hoff’s relationship

Ink o = AS - ﬁ

R RET
where, kc is the Langmuir equilibrium constant, AH® and AS°
are the standard enthalpy and entropy changes of adsorption
respectively. The AH® and AS° values can be calculated from the
slope and intercept of a plot of In kc versus 1/T.

(10)

Fig. 3 van’t Hoff plot
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The free energy of adsorption AG® (KJ/mol) is calculated from
the following equation

AG® = AH® — TAS® (11)

van't Hoff plot for the adsorption process is given in Fig. 3 and
the results are presented in Table-2.
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Table-2 Thermodynamic parameters

conc. | AHo ASO AGO ( kJ/mol)

mg/L' | W/mol Vo 308k 318k | 328K
20 2.44 7.20 222 |-229 |-236
40 2.39 6.56 202 [-208 |-215
60 3.44 9.61 296 [-3.05 |-3.15
80 1.62 3.17 097 |-101 |-1.04

The positive enthalpy (AH®) proves the adsorption process was
endothermic in nature. The value of AH® are within the range
of 1 to 93 kJ/mol indicating the physisorption is much more
favorable for the adsorption of BB12 onto CSAC. Entropy has
been defined as degree disorder of the system. Positive values
of AS® suggested good affinity of the dye towards the adsorbent
and the adsorption was spontaneous in nature [12]. Negative
value of AG® indicated the adsorption process was feasible and
spontaneous in nature. The decrease in the negative value of
AG® with an increase in temperature indicates that the adsorp-
tion process of BB12 on CSAC becomes more favorable at higher
temperatures [13].

3.4 DESORPTION STUDIES

Desorption studies help to elucidate the mechanism of adsorp-
tion and recovery of the adsorbate and adsorbent. The regen-
eration of the adsorbent may make the treatment process eco-
nomical. Neutral pH water, sodium hydroxide (1M), sulphuric
acid (1M) and 50% acetic acid (v/v) were used for desorption
of BB12 dye by CSAC.

4. CONCLUSIONS

In this study, activated carbon prepared from cocoa shell, an
agro waste was tested for removing BB12 from aqueous solu-
tion. The batch study parameters were found to be effective on
the adsorption efficiency of BB12 onto CSAC. The experimen-
tal data obtained isotherm studies well fitted the Langmuir
isotherm model with good correlation coefficient. The positive
enthalpy proves that the adsorption of BB12 onto CSAC was en-
dothermic in nature. Desorption studies and thermodynamic
studies confirm physisorption mechanism. Results indicated
that CSAC could be employed as a low cost alternative for BB12
dye removal from aqueous solution.
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