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ABSTRACT

The use of low-cost and eco-friendly adsorbents has been investigated as an ideal alternative to the current
expensive methods of removing dyes from wastewater. This paper deals with the removal of Acid Red 114 from
aqueous solutions using activated carbons prepared from agricultural waste materials such as Ceiba Pentandra

wood waste which is converted into thermally activated carbon (CPAC) using H3PO4. Optimum conditions for Acid
Red 114 removal was found to be pH 6, adsorbent dosage = 100mg/L of solution and equilibrium
time=240mins.Higher removal percentages were observed at lower concentrations of Acid Red 114. The adsorption
isotherm data fitted well to Langmuir equation. Kinetic studies showed that the adsorption followed both pseudo -
second-order and Elovich equation. The thermodynamics parameters such as AG, AH and AS were also evaluated.
The activated carbons prepared were characterized by FTIR and SEM analysis.

Key words: Acid Red 114, Ceiba Pentandra wood waste, isotherm data, Kinetic studies and thermodynamics
parameters.

INTRODUCTION

Dyes represent one of the most problematic groups of the organic pollutant, among the different pollutants of aquatic
ecosystems. They are discharged into wastewater from industrial branches, such as the dye manufacturing, textile
finishing, paper, leather, plastic,photo degradation, biodegradation and oxidizing agents. Some of them have been
reported tobe carcinogenic and mutagenic for aquatic organisms. Therefore, the removal of textile dyes from water
and waste-water is one of the most significant environmental problems. Among several chemical and physical
methods, adsorption is one of the most effective and popular techniques for the removal of dyes from water[1-
4] Certain natural materials such as banana pith [5], rice husk [6], apaya seeds [7], orange peel, banana peel [8],
p papay gep p

Caulerparacemosa var. cylindracea[g], CaulerpalentiIIifera[lo'lz] and Posidoniaoceanical?31%! have been used for
the treatment of wastewaters .

The present study aims to present the usage of a natural environmental waste, Ceiba Pentandra bark for

the removal of acid red 114 dyes . It is known that the Ceiba Pentandra a bark which is a soft wood and their usage
in the very limited. The present study offers an alternative evaluation of the waste wood. Actually, the present study
aims to evaluate a natural environmental waste as a useful material for cleaning another waste from the
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environment. Effective parameters such as adsorbent dosage, initial dye concentration, pH, kinetics and
thermodynamic studies were carried out in the present paper.

EXPERIMENTAL SECTION

2.1 Adsorbate
Acid Red 114, supplied by Hindustan Ciba-Geigy,Mumbai was used as an adsorbate. The chemical formula of Acid

Red 114 is C37H28N4Na 2010S3 with molecular weight of 830.8g/mol.The chemical structure of the dye is shown
in the Fig.1.Deionized water was used to prepare all the reagent and solutions.

Fig. 1 Structure of Acid Red -114

2.2 Preparation of Activated Carbon:

Ceiba Pentandra wood waste (CPAC) was used as a precursor for the preparation of activated carbon using
phosphoric acid activation method. The wood was cut into small pieces of 2 to 3 cm in size, dried in the sun light for
10 to 20 days to remove moisture from the material. Then the dried material was soaked with phosphoric acid in the

ratio of 1:1 at 80°C for 48 hours. After 48 hours the material was crushed well using mortar and this crushed
material was kept aside for 12 hours. Then the materlal was washed well with hot water until a neutral pH is

attained. The neutrallzed material was dried at 110°C for 24 hours. The dried mass was subjected to carbonization
process at 800 OC for about 10 minutes. The material was followed by thermal activation at 400 Oc for about 10
minutes in technical nitrogen, N2 99.99 purity. The final product was grounded well and used and stored in air-tight
container for further adsorption studies. The characterization details have already been explained in the previous

paper (20)

2.3 Adsorption studies:

Various batch adsorption studies were carried out in 50 mL of dye solution with CPACas adsorbent at a constant
temperature of 303 K. The experiments were carried out to investigate the effects of initial AR -114 concentration
(20, 40 &60mg/L), adsorbent dosages (100mg) with an optimum pH of 6 in the mechanical shaker. The experiments
were performed by changing one of the parameters at a time while the other parameters were fixed. The AR 114
content in solution before and after adsorption was measured by UV/visible spectrophotometer at it maximum
wavelength of 524 nm. The concentration retained in the adsorbent phase (ge, mg/g) and percentage of dye removal
was calculated by using eqs (1) and (2).

:(QO:QGN

e )

Percentageofdyeremoval =

Co andCeare the initial and equilibrium concentration of the dye in mg/L, V is the volume of the solution in L, W is the
weight of the adsorbents in mgs and Ce is the concentration of the dye at equilibrium.
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3. Kinetics and Isothermal studies:
3.1 Kinetics studies:
The term “modeling in physicochemical processes study is quite[gg]neral and ranged from simple fitting of the

experimental data (1] to detailed models based on basic principles '““. Especially, in the field of adsorption, quite
different modeling approaches can be used.The typical experimental setup includes an initial concentration of

adsorbate (Co), a beaker volume (V) and a mass of adsorbent (M). The amount of adsorbate adsorbed on the
adsorbent (per unit adsorbent mass) is expressed as “q” and evolves from g = 0 to an equilibrium value g =qe, which
corresponds to the thermodynamic equilibrium between ge and Ce

Co=C oM () —mmm oo ©)

The modeling issue is focused on the quantitative description of the evolution curve q(t), which is deduced by

measuring experimentally the evolution of adsorbate concentration C(t) from Coto Ce. The most extensively used
models are typically those with the least physical background. The adsorption Kinetic models which have been
employed in green adsorption are:

(i) The so called Lagergren equation[23] (or pseudo-first order model) has the following differential form:

dq
a=k1(q—qe) —————————————————————— (4)
After integration of Equation (4):
& t
q = Qe (1 —€ i ) ______________________ (5)
The fitting to the experimental data can be performed using linear (i.e., using In (1- — )or nonlinear [i.e.,

using directly Equation (4)] techniques. The model is purely empirical and the only physical parameter used is the
equilibrium value (ge). The only fitting parameter is k1. Typically, instead of using the experimental value of ge
andfind ki from fitting, both k1 and ge are found from fitting and then ge is compared to the experimental one.

(ii) The second model used is also empirical and it usually gives better fitting results than the first model. It is called
pseudo-second order model [243nd has the following governing expression:

dqg
A —k.(g- . 6
o (0-0,) (6)
After integration of Equation (6)
kgt 2
_ 2 @ _ _ _
9=15k .0, t ()

There are several ways to transform the relation to a linear one in order to use linear fitting techniques. The most
usual is:

t 1 t

+
q k0. q,

As in the case of the first-order model, the fitting can be done either for k2 alone using the experimental value of ge
or for the pair (k2, ge). The above models are used to find the coefficients k1 and k2, which are regarded as pure
fitting parameters and subsequently depends on operational variables as Co.
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(iii) The third model is the so-called Elovich model [26] \vhich assumes a logarithmic a timedependence of the
adsorbed species quantity. The governing equation in itslinearized form is:

qzkmaﬂ)+1nt
B

Where the constants a, 3 are called initial adsorption and desorpti207n rate constants, respectively. Alternatively, o is
related to the rate of chemisorption and f to the surface coverage '“'4. This equation has typically a poor success in
fitting the data but, despite this, it is used extensively in the literature.

(iv) Another model is the intraparticle diffusion model. This model is based on the assumption that the adsorption

kinetics is dominated by the intraparticle diffusion mechanism [28] The corresponding equation can be derived for
linear isotherm and constant adsorbate concentration, but it is used in literature for much more general conditions:

Where (mg/g h/ 2) is the rate parameter of stage which is obtained from the gradient of the versus 12 straight line. is
the boundary layer effect which means that the larger the intercept, the greater the contribution of the surface

sorption in the rate-controlling step [29] The intra particle diffusion should occur if the versus 12 is linear.

3. 2. Adsorption Capacity:

The key-point of each adsorbent material is its adsorption capacity. Three isotherm models order to fit th e
experimental equilibrium data’s,

3.2.1 Langmuir isotherm model is based on assumption that a saturated monolayer of adsorbate molecules is present
on the adsorbent surface, the adsorption energy is constant and there is no migration of adsorbate molecules in the

surface plane when maximum adsorption capacity occurst3%-The linear transformation of the Langmuir equation is
given in equation (11),
0y k. C,

M e 11
Ge 1+k, C, (1)

Where ge (mg/g) is the equilibrium concentration of pollutant in the solid phase; g m (mg/g) is the maximum
amount of adsorption; kL (L/mg) is the Langmuir adsorption equilibrium constant.

3.2.2 Freundlich isothermis used for determining the applicability of heterogeneous surface energy in the adsorption
process[31]'The empirical Freundlich equation is expressed as,

Where kf(mglfl/n-Lllnlg) is the Freundlich constant representing the adsorption capacity; n (dimensionless) is the

constant depicting the adsorption intensity. The amount of total uptake of pollutant in equilibrium (ge) was calculated
using the mass balance equation (2).

3.3.3 Temkin isotherm model predicts a uniform distribution of binding energies over the population of surface
binding adsorption[sz]. Linear form of Temkin equation is expressed as

4. =BIA+BINC , ————m oo (13)

Where B = RT/b,b is the Temkin constant related to heat of sorption ge(mg g -1) and Ce(mg L'l) are the amount of
adsorbed dye per unit weight of adsorbentand unabsorbed dye concentration in solution at equilibrium, respectively.

Therefore, a plot of ge versus In Ceenables one to determine the constants A and B.
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RESULTS AND DISCUSSION

4.1 FTIR and SEM Analysis:
Figure (2) is FTIR image of Acid Red 114 and CPAC bhefore adsorption.FTIR images showed that the most

prominent peaks in the spectrum originate from OH" vibrations, CH2 andCH3 asymmetric and symmetric stretching
vibrations. The peaks at (1155-1103 cm” ) region related to lignin. Therefore, it is possible the cellulose,
hemicelluloses as well as lignin, having many OH™ groups in their structure, make up most of the absorbing layer.
Two strong peaks observed in the range between 2963 and 2853 cm Lare aSS|gned to asymmetric C-H bands and
symmetric C-H bands, respectively.Stretching vibration band around 1700 cm” Lis a55|glned to carbonyl C=0 group
present in aldehyde, ester, ketone and acetyl derivatives. The strong band at 1600 cm™ may be due to C=C band.
These specific functional groups enhance adsorption properties

b SIS \“.n", l\[ ,W‘ o

*Vrenerenarve
-

in

Figure 2: FTIR spectrum of Acid Red 114 and CPAC

SEM morphology:
It is widely used to study the morphological features and surface characteristics of the adsorbent materials. Typical

SEM photographs are shown in Fig. 3. It reveals that the CPAC has a rough surface with more porous and caves like
structure and it is supported with FTIR spectra as shown in Fig.2.
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Fig 3. SEM images of CPAC in presence of N2 atmosphere at 800°C

4.2 Effect of Initial Dye Concentration and Contact Time:
It is well-known that the dye concentration plays an important role in the adsorption process, which can impel

strongly the solute molecules to overcome mass transfer resistance between the liquid and the solid phases [34],
Figure 4 show the effect of different initial dye concentrations (20, 40 &60 mg/L) on the adsorption capacity of
CPAC. The percentage removal of the dye decreases with increasing initial concentrations of dye for the adsorbent.
Moreover, the CPAC had the capacity to remove up to 90% for 20 ppm,at an equilibrium time of 220 minutes

.When the concentration increased from 20 to 40 ppm the adsorption decreased to 85% and for 60 ppm the
adsorption further decreased to 83%. Even the equilibrium time of the dye also varied and increased to 240 minutes.
The reasons for the decrease in the percentage of dye removal is, at low concentration the ratio of dye molecules to
the number of available adsorption sites on adsorbent may be limited and consequently the adsorption process may
mainly occur onthe exterior surface of the activated carbon. The rate of adsorption is fast in this stage, resulting in
short time. With an increase in the amount of dye molecules, the situation changes and lots ofdye molecules are
probably adsorbed by the interior surface of adsorbent by pore diffusion after the adsorption of the exterior surface
reaches saturation.
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Fig (4) Effects of initial concentration on amount of Acid Red 114 adsorbed at different contact times (experimental conditions:
adsorbent dosage 100 mg/ mL, temperature 303 K and initial pH 6 without adjustment) CPAC

4.3 Effect of pH:

The pH of the solution plays an important factor in the adsorption process, which may alter the surface properties of
the adsorbent as well as the degree of ionization of the dye. The influence of pH on the dye adsorption onto
CPACwas studied for the dye concentration (20 mg/L) and amount of adsorbent (100 mg/50 mL) in the pH range
0f2-11.The results are shown in Figure 5. The amount of dye adsorbed and thepercentage removal efficiency of
Acid Red 114 on adsorbentdecreased as the pH of aqueous solution increased from 2to 11. There was a sudden
decrease in the percentage of dye removal when pH reached 6 and the percentage removal further decreased as the
pH increased. This is due to the electrostatic repulsion of the negative charge ions in the outer surface of the dye and
the pH concentration in the basic medium. The protonated groups of activated carbon were mainly carboxylic group (-CO-
OH+2) and phenolic (OH+2)[35‘36].The deprotonated groups were probably the sulphonated group of -SO3.The

strong electrostatic attraction favored the adsorption of dye onto CPAC resulting in the high removal efficiency of
dyes.

When the solution reached the pH 5, the sulphonated group of the acid red 114 were almost protonated (-SO3),
therefore the dye becomes neutral. Furthermore, the protonation of nitrogen atoms especially those not involved in

aromatic systems was also probable [37] The reactive dye molecules, therefore, are natural or positive charged in
acidic solution. Subsequently, the attraction between dye and CPAC decreased, resulting in the slightly decreasing of

dye removal [38] The low dye removal at highly basic solution could be due to the strong repulsion interaction
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between the negatively charged CPAC and the deprotonated acid dye molecules. At the same time, hydroxide ion
concentration increased with the incremental solution pH, and it could be adsorbed preferentially on the surface of
the activated carbon. There was competition between OH  and dye ions for positively charged adsorption sites.
These results could be decreased evidently the removal efficiency of acid dye removal.

5. Adsorption Isotherms

The Langmuir ,Freundlich and Temkin are the most commonly used models in literature describing the non -linear
equilibrium between amounts of dye adsorbed on the acid treated adsorbents. The adsorption isotherm for the
removal of Acid red 114 was studied using an adsorbent dosage of between 100 mg/50 ml at an initial concentration
variation between 5-150 ppm. The adsorption equilibrium data are conveniently represented by adsorption
isotherms, which correspond to the relationship between the mass of the solute adsorbed per unit mass of adsorbent
(ge) and the solute concentration for the solution at equilibrium (Ce).

100

80

60

% of Dye Removal

40

20

0 2 4 6 8 10 12
pH

Fig 5.Effect of pH in the removal of Acid red 114 on CPAC

5.1 Langmuir Adsorption Isotherm:
The Langmuir adsorption isotherm has been traditionally used to quantify the performance of different adsorbent.

The Figure 6 was employed to determine the value of Qo(mg/g) and KL (L/mg) from slope and intercept,
respectively. The data obtained with the correlation coefficients (R“) was listed in Table 2. The Qovalue increased
with increase in temperature and the values were 60.91, 64.43 and 69.45 mg.g'lfor CPAC The data related to the
equilibrium obeyed well with the Langmuir models. The RZ values were 0.9925, 0.9914 and 0.9939 for the

respective temperatures. The RL values also show that they undergo monolayer of adsorption. There are numerous
biglmass material which are used as precursor to develop activated carbon and their comparison were shown in the
table 3.

Table 1 Comparison of adsorption capacities on activated carbon from waster biomass materials

Dye Adsorbent Qomg.g-1 | Reference
Basic blue 9 Apricot shell 4.81 39
Basic blue 9 Walnet shell 3.53 39
Basic blue 9 Coconut coir 15.59 40
ReactiveOrange| Sugare Pith 3.48 41
Direct blue 106 | Pomegrante peel 58.14 42
Acid red 114 Gingelly seed shell 102.24 40
Acid red 114 Cotton seed shell 158.85 40

60.91 (303K)
Acid red 114 CPAC 64.43 (318K)| This work
69.45 (333K)

5.2 Freundlich Adsorption Isotherm:
The values of the Freundlich constants (KF) and (n), the correlation coefficients (RZ) are obtained from the Figure 7.
The values of KF are 5.33, 8.52 and 12.22 mg g-1 at 303,318 and 333 K, respectively for CPAC which shows that
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they have high adsorption capacity. Furthermore, the values of n are greater than 1, reflecting the favorable
adsorption for the adsorbent. It is evident from these data that the surface of the adsorbent is made up of

heterogeneous adsorption patches, R values are also compared (Table 3).From the results itwas clearly observed
that both models were well suited for adsorption of AC 114 on CPAC, but the regression factor as well as the
calculated and experimental values correlates more correctly with the Langmuir values, on this basis it could be
concluded that, AR 114 form monolayer on the surface of CPAC.

3.500
3.000
*
25007  y303K = 0.0164x +0.458
r R? = 0.9925
>
€ 5000 Y318K=0.0155x +0.2727
[} R?=0.9914
3
[
[8) y333K = 0.0144x + 0.1645
1.500 R? = 0.9939 503K
W 318K
1.000, 333K
0.500
0.000 . . ’ . i : ‘
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00

Ce, mg/L

Figure 6 .Langmuir isotherm for adorption of acid red 114 on CPAC (experimental conditions: adsorbent dosage100 mg/50 mL,
dye concentration =20 mg/L and initial pH=6 without adjustment and temperature, 303K,318K and333K)

Table 2. Estimated parameters of Langmuir isotherms for adsorption of Acid Red 114 onCPAC at an adsorbent dosage of 100 mg/50 mL

Temperature K | Q ° mg/g KL I/mg R°
303 60.90621 2.183627 0.9925
318 64.43401 3.667452 0.9914
333 69.44913 6.07778 0.9939

Table 3. Estimated parameters of Freundlich isotherms for adsorption of Acid Red 114 on CPAC at an adsorbent dosage of 100

mg/50 ml
Temperature K| n Kf R®
303 2.05946 | 5.33301 | 0.9376
318 2.3882 | 8.5223 | 0.9455
333 2.66922 | 12.2198 | 0.9454
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Figure 7.Freundlich isotherm for Acid red 114 adsorption onto CPAC (experimental conditions: adsorbent dosage 100 mg/50
mL, dye concentration =20 mg/L and initial pH=6without adjustment and temperature,(303K,318K and 333K)

5.3 Temkin isotherm:
Temkin isotherm constants were evaluated from the plot of In Ce versus ge. Fig. 8, and the value of KT ,the
equilibrium constant, was found to increase from 0.46 to 1.76 when the temperature increased from 303 K to 333 K.

Thinakaran et al(*%] have reported a similar trend in their studies on removal of dye AR114 by activated carbons
from seed shells. Table 4 gives a clear data for Temkin isotherm plot. The potential of the CPAC for the Acid Red

114 as seen from the Temkin isotherm showed a reasonable fit with a linear coefficient of determination R2 values.

Table 4. Estimated parameters of Temkin isotherms for adsorption of Acid Red 114 onCPAC at an adsorbent dosage of 100 mg/50 ml

Temperature K| Kr R:
303 0.4558419 | 0.9895
318 0.8871749 | 0.9859
333 17162459 | 0.9911

6. Sorption Kinetics:

The study of adsorption kinetics describes the solute uptake rate and evidently these rate controls the residence time
of adsorbate uptake at the solid—solution interface including the diffusion process. The models are explained as
follows,

6.1 Pseudo-first-order:
The data obtained were analyzed with the Lagergren pseudo -first order kinetic model. The plot of log (ge-qt) versus

t is shown in Figures 9. The values of kiand ge were determined from the slope and intercept respectively as

presented in Table 5. The result indicated that the data were not strongly correlated with R2 ranging from 0.9929,
0.9954 and 0.9982 for the dose and or the concentration of 20ppm. Also the theoretical values obtained from the
equation did not yield reasonable values. Thus the rate of removal of Acid Red 114 from solution into the CPAC

does not follow the pseudo-first-order equation. Indeed this is the general trend in most adsorption studies reported
in the literature [43-46]
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Figure 8. Temkin Isotherm for Acid red 114 adsorption onto CPAC (experimental conditions: adsorbentdosage 100 mg/50 mL,
dye concentration =2 mg/L and initial pH=6without adjustment and temperature,( 303K,318K and 333K)
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Figure 9.Pseudo-first order kinetics for the adsorption of AR114 dye onto CPAC (experimental conditions: adsorbent dosage 100
mg/50 mL, dye concentration =20 mg/L and initial pH=6 with adjustment of temperature 303k,318k and 333k

6.2 Pseudo-second-order:
The results obtained when the data was subjected to the Pseudo-second-order equation are shown in Figures 10 and
the values are tabulated in Tables 5 which corresponding to the dosage and concentration respectively. The data
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applied showed very high correlation coefficients value. The calculated values of g e were also close to the
experimental data. This confirms that the adsorption process followed the pseudo -second-order model. A similar

phenomenon has been observed in the adsorption of methylene blue onto rice husk [47], and methylene blue onto
activated carbon prepared from rattan sawdust (48],

6.3 Elvoich model:
The Elovich equation is widely used to describe the chemisorptions of gases on solid surfaces. The dye adsorption

fits the Elovich model. The correlation coefficients values obtained, R“, were between 0.9677, 0.966 and 0.9548,
indicating that the Elovich expression could fit properly the experimental data. The applicability of the simple

Elovich equation for the present kinetic data is generally in agreement with other researcher’s result s that the
Elovich equation was able to describe properly the kinetics of acid dye adsorption on activated carbons prepared
from CPAC. The similar behavior of the trend was also absorbed and reported by Thinakaran et al L*“IThe values of

a, B and R%is reported in the table 5.
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2
R =0.9979

25.0

y333k = 0.0977x + 1.588
R2 =0.9988

20.0-

15.0-
& 303k

318k

10.04 333k

5.0+

0.0 T T - g g
0 50 100 150 200 250 300

Time (Min)

Figure 10.Pseudo-second order kinetics for the adsorption of AR114 dye onto CPAC (experimental conditions: adsorbent dosage 100
mg/50 mL, dye concentration =20 mg/L and initial pH=6 with adjustment of temperature 303k,318k and 333k

Table 5.1sotherm Parameters for the adsorption of Acid red 114 onto CPAC

Dye Pseudo first order kinetics Pseudo second order kinetics Elovih Model
Temperature 9 ) a, 2
K kL R ge K2 h, R mgg- B R
min-1 ,mgg-1 mgg-1min-1 mgg-1min-1 1min-1 gm-1
ACIDRED 114 303 0.02882 0.9929 9.9014 0.4358 0.4358 0.998 2.8464 0.26 0.9677
318 0.02935 0.9954 10.1394]  0.01959 0.4965 0.9979 3.0984 0.26 0.968
333 0.03044 0.9982 10.2346] 0.01516 0.6297 0.9988 3.4831 0.27 0.9548

6.4 Intra Particle diffusion:

The intra-particle diffusion was also involved for adsorption of Acid red 114 onto CPAC as shown in Figure 11.
Previous studiesshowed that such plots may present a multilinearity, whichindicates that two or more steps occur.
The first sharper portion is the external surface adsorption or instantaneous adsorption stage. The second portion is
the gradual adsorption stage,where the intra-particle diffusion is rate limited. The third portion is final equilibrium

stage, where the intra-particle diffusionstarts to slow down due to extremely low concentration in thesolution [49],
The diffusion model plot shown in Figure 11 suggests two stage adsorption process, surface adsorption andintra-
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particle diffusion. The first portion of the plot indicatesboundary layer effect, i.e., surface adsorption while the
second

linear portion is due to the intra-particle/pore diffusion withinthe pores of the carbon (501 The slope of the linear
portionindicated the rate of the adsorption. The lower slope corresponds to a slower adsorptio n process. Figure 11
shows that theslope of the first portions (0.4693, 0.4534 and 0.4365 for CPAC,respectively) is greater than second
portions, hence it may be conclude thatthe uptake is initially faster and then slows down. It is likelythat initially th e
adsorbate is transported to the macropores andmesopores and then it is slowly diffused into micropores [513nd also
extremely low dye concentration left in the solution. These suggest that in the adsorption of Acid Red 114 over the
CPACwas controlled by external mass transfer followed by intra particle diffusion mass transfer.

12.00 q
10.00 o

8.00 A

qt mgh
@
°
=4

$ [

2.00 A *303k m318Kk

333k

0.00 2.00 4.00 6.00 .00 10.00 12.00 14.00 16.00 18.00
time -1 (min-1)

Figure 11.Intraparticle diffusion kinetic model for Acid Red 114 adsorption on CPAC (experimental conditions: adsorbent dosag
e 100 mg/50 mL, Dye concentration 20 mg/ L, temperature 303 K,318K and 333k and initial pH 6 without adjustment)

6.5 Thermodynamic Study

Experiments were conducted at different temperatures (303, 318 and 333 K). The thermodynamic parameters,
namely, change in standard enthalpy (AH), standard entropy (AS), and standard Gibbs free energy (AG) for the
present system, were determined using following expressions; Thermodynamic parameters can be calculated from
the following equation-

AG=-RTInKg ------ @an
Ko = Csolid/ Cliquid

logko= AS/ (2.303RT) - AH/(2.303RT) -----(18)

The AH and AS values obtained from the slope and intercept of Van’tHoff plots. The values of AH, AS and AG were
calculated. Positive values of AH and AS suggest endothermic reaction, while the negative values of free energy
change (AG) indicate that the adsorption is spontaneous (Table 4). The negative values of AG indicated the
spontaneous nature of the adsorption process. The magnitude of AG also increased with increasing temperature
indicating that the adsorption was more favorable at higher temperatures.The adsorbed solvent molecules, which are
displaced by the adsorbate species, gain more translational entropy than is lost by the adsorbate ions, thus allowing

for the prevalence of randomness in the system [52-53]
Table 4 : Thermodynamic Parameters for the adsorption of Acid Red 114 dye onto CPAC

TEMP AH AS AG
(K) | JK/Mole | J/K/Mole | J/K/Mole
303 -1695.2
318 5.1885 96.2985 | -3025.2
333 -4590.9
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CONCLUSION

The result of the work is summarized as follows,

e Ceiba Pentandra wood waste (CPAC) is a promising adsorbent for the removal of the Acid red 114 from the
water. About 100 mg of the CPAC removes 90% of the dye with the dye concentration of 20 ppm.

e The optimum pH adopted for the dye removal was 6 and their pzpc was 5. The dye reached the equilibrium time
within 240 minutes.

e The experimental data produced perfect fit for Langmuir isotherm showing that the surfaces of the adsorbents
were homogeneous, specific and uniform in nature for both the adsorbents.

o The values also had a good agreement with Freundlich isotherm model.

e The mechanism of the dye —CPAC interactions is likely to be very complicated involving a wide range of sites
differing in a number of aspects including energy consideration.

e The adsorption followed Pseudo second order kinetics for CPAC with the interaction over the first hour.

e Intra particle model of the dye followed 2 step mechanism processes.

e The thermodynamic parameters show that the reaction is endothermic in nature and the negative value of AG
shows that the reaction is spontaneous for the adsorbent.

e The above results clearly show that both the adsorbent have almost the same behavior in both kinetics and
isothermal studies. They followed Pseudo second order model, Langmuir isotherm and are exothermic in nature.

[1] CS Sharma; RK Nema; SN Meyyanathan, Academic J. Cancer Res., 2009, 2(1), 19-24.

REFERENCES

[1] MT Uddin; M Rukanuzzaman; MMR Khan; MA Islam, J. Environ. Manage.,2009,90, 3443-3450.
[2] FAKkbal, J. Colloid Interface Sci., 2005, 286 , 455-458.

[3] L Markovska; V Meshko; V Noveski,Korean J. Chem. Eng.,2001,18 (2)190-195.

[4] V Meyer; FHHCarlsson; RAOellermann, Water Sci. Technol.,1992, 26 1205-1211.

[5] C Namasivayam; D Prabha; MKumutha,Bioresour. Technol.,1998,64, 77—79.

[6] G McKay; JF Porter; GR Prasad, Water Air Soil Pollut.,1999, 114, 423-438.

[7] BHHameed,J. Hazard.Mater.2009, 162, 939-944.

[8] G Annadurai; RJuang; D Lee, J. Hazard.Mater.,2002, B 92263-274.

[9] S Cengiz; LLCavas, Bioresour. Technol.,2008,99, 2357-2363.

[10] K Marungrueng; PPavasant, J. Environ. Manage.,2006, 78, 268-274.

[11] K Marungrueng; PPavasant, Bioresour. Technol.,2007 , 98 1567-1572.

[12] P Pavasant; R Apiratikul; V Sungkhum; P Suthiparinyanont; S Wattanachira; TFMarhaba, Bioresour.
Technol.,2006,97, 2321-2329.

[13] MC Ncibi; B Mahjoub; MSeffen, J. Hazard.Mater.,2007,B 139, 280-285.

[14] MC Ncibi; BMahjoub; M Seffen, Bioresour. Technol.,2008,99,5582-5589.

[15] MCNcibi; B Mahjoub; AM Ben Hamissa; R Ben Mansour; M Seffen, Desalination.,2009,243 , 109-121.
[16] | Guezguez; SDridi-Dhaouadi; F Mhenni, Ind. Crop. Prod.,2009,29,197-204.

[17] S Cengiz; LCavas, Mar. Biotechnol.,2010 ,12 , 728-736.

[18] L Cavas; Z Karabay; H Alyuruk; H Do™ gan; GK Demir, J.Chem. Eng.,2011,71, 557-562.

[19] U Dural; L Cavas; F Katsaros; SPapageorgiou,J.Chem. Eng.,2011,168, 77-85.

[20] KGeetha; N Velmani; S Karthikeyan; PS Syed Shabudeen , Carbon — Science and Technology, 2014, 6(2), pp
373-383.

[21] YS Ho; J. Hazard. Mater.,2006, 136, 681-689.

[22] C Tien, Boston, MA, USA, 1994.

[23] S Lagergren, S. Handlingar,1898, 24, 1-39.

[24]G Blanchard; M Maunaye; G Martin, Water Res.,1984, 18, 1501-1507.

[25] CW Cheung; JF Porter;G McKay, Water Res.,2001, 35, 605-612.

[26] H Teng; CT Hsieh,Ind. Eng. Chem. Res.,1999, 38, 292-297.

[27] DM Ruthven,John Wiley & Sons, Inc.: Hoboken, NJ, USA, 1984.

[28] B H Hameed; AA Ahmad; N. Aziz,Desalination,2009, vol.247,n0.1-3,pp.551-560.

[29] Srivastava; D.C. Rupainwar, Ind. J. Che. Tech.,2011,18, 67.

[30] I Langmuir, J. Am.Chem. Soc.,1918, 40, 1361-1403.

[31] HMF Freundlich, Z. Phys. Chem.,1906, 57, 385.

38



GeethaK .et al J. Chem. Pharm. Res., 2014, 6(12):26-39

[32] MI Tempkin; V. Pyzhev,Acta Phys. Chim. USSR. 12:327-356.

[33] ANA El-Hendawy, J. Anal. Appl. Pyrol.,2006,75(2), 159-166.

[34] CAP Almeida;NADebacher; AJ. Downs, L.Cottet,& C.A.D. Mello, Removal of methylene blue from colored
effluents by adsorption on montmorillonite clay. Journal of and Colloid Interface Science, 2009,332, 46-53.

[35] YS Al-Degs; MI El-Barghouthi; MA Khraisheh; MN Ahmad;SJ Allen, Separation Science and Technology,
2004,Vol. 39, No. 1, pp. 97-111.

[36] YS Al-Degs; MI El-Barghouthi; AH EI-Sheikh;GM Walker, Dyes and Pigments, 2008,Vol. 77, No. 1, pp. 16-
23.

[37] S Wang ;H T Li, Journal of Hazardous Materials, 2005,Vol. 126, No. 1-3, pp. 71-77.

[38] AR Dingr; Y Giines; N Karakaya; and EGiines, Bioresource Technology, 2007,Vol. 98, No. 4, pp. 834-839.
[39] A Aygun; S Yenisoy-Karakas; and | Duman, Microporous and Mesoporous Materials., 2003,Vol. 66, No. 2-3,
pp. 189-195.

[40] N Thinakaran; P Panneerselvam; P Baskaralingam; D Elango; and S Sivanesan, Journal of Hazardous
Materials.,2008,Vol. 158, No. 1, pp. 142-150.

[41] NK Amin, Desalination.,2008, Vol. 223, No. 1-3, pp. 152-161.

[42] MAM Salleh; DK Mahmoud; WA Karim;A Idris, Desalination., 2011,Vol. 280, No. 1-3, pp. 1-13.

[43] NA Oladoja; 10 Asia; CO Aboluwoye; YB Oladimeji; AO Ashogbon. Turkish J. Eng. Env.Sci.,2008, 32:143 —
152

[44] N Gupta; AK Kushwaha; and MC Chattopadhyaya, J. Chem. Pharm. Res.,2011, 3(1):284-296.

[45] J Tan; X Zhang; Wei;and W Lijuan,BioResources., 2012, 7(3):4307-4320.

[46] V Vijayakumaran;and S Arivoli, J. Mater. Environ. Sci.,2012,3(3):525-536.

[47] V Vadivelan;and VK Kumar,Journal of Colloid and Interface Science.,2005, 286, 90—100.

[48] BH Hameed; AL Ahmad; and KNA Latiff, Dyes and Pigments., 2007, 75, 143-149.

[49] WH Cheung;YS Szeto;and G McKay, Bioresource Technology.,2007, 98, 2897-2904.

[50] S Mitali; AP Kumar;and BBhasker, Journal of Colloidal and Interface Science, 2003,266, 28-32.

[51] K Arinjay; K Shashi and KSurendra,Carbon,2003, 41, 3015-3025.

[52] C Namasivayam; and D Sangeetha, J.Bio.res.Tech.,2006,97, 1194, (2006).

[53] MMatheswaran; and T Karunanithi, Journal of Hazardous Materials, 2007,Vol. 145, No. 1-2, 2007, pp. 154-
161.

[52]

[54]Tan, J., X. Zhang, X. Wei, and W. Lijuan. BioResources.2012, 7(3):4307-4320.

39



