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Abstract:

The adsorption of Rhodamine-B (RB) from aqueous solutions by cocoa (Theobroma cacao) shell activated
carbon (CSAC) was studied in a batch adsorption system. The adsorption studies include both equilibrium
adsorption isotherms and kinetics. The adsorption equilibrium was represented with Langmuir, Freundlich,
Tempkin, Harkin’s - Jura and Dubinin-Radushkevich isotherm models. Pseudo first order, pseudo second order,
Elovich and Intraparticle diffusion kinetic models were used to test the adsorption kinetics. The kinetic data
were well described by the pseudo second order kinetic model. The mechanism of the adsorption process was
determined from the intraparticle diffusion model. The results indicated that CSAC could be employed as a low-
cost alternative for the removal of RB from diluted industrial effluents.
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1. Introduction

Pollution of water due to the discharge of effluents from dyeing industries affects the environment due to its
toxicity [1]. Industrially, several waste water treatment techniques have been suggested which includes
electrochemical techniques [2], adsorption [3, 4], coagulation and flocculation [5], ozonation [6], etc. Among
these, adsorption using activated carbon has been widely proved efficiency for the removal of pollutants from
effluents. The cost of preparing activated carbon from agricultural wastes is negligible when compared to the
cost of commercial activated carbon [7]. Some of the agricultural waste in which activated carbon prepared are
coir pith [8], rice husk [9], walnut shell[10], barley husk[11],cashew nut shell[12], palm kernel shell[13],
pomegranate husk[14], maize cob[15], etc. In this work an attempt was made to study the adsorption effect of
carbon from cocoa shell, an agricultural waste product, for the removal of Rhodamine B dye in aqueous
solution.

2. Materials and Methods
2.1. Preparation of adsorbent

Dried cocoa shell collected from local agricultural field was carbonized with concentrated sulphuric acid in the
weight ratio of 1:1(w/v). The activation was performed by heating the sample for 7 hours in a muffle furnace at
550°C. After carbonization and activation, the carbon obtained was washed with distilled water until a constant
pH was reached. Then the sample was dried at 110°C for overnight in a hot air oven. The carbonized material
was taken out, grounded and sieved to 150um size and stored in a vacuum dessicator.

2.2. Preparation of dye solution

Stock solution of RB was prepared by dissolving 1g of dye in 1L of distilled water to give concentration of
1000mg/L. The serial dilutions say 20, 40, 60, 80 mgL" were made by diluting the dye stock solution in
accurate proportions. The pH of dye solutions were adjusted with 0.1M NaOH or HCI using a pH meter.

2.3. Batch Adsorption experiments

Batch mode experiments were carried out in orbital shaker at a constant speed of 125 rpm at 35°C using 250ml
conical flasks containing 100mg of CSAC with 50ml of dye solutions. After agitating the flasks for
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predetermined time intervals samples were withdrawn from the flasks. The adsorbents were separated from the
solution by centrifugation (REMI make) at 2000rpm for 5 minutes. The dye concentration was determined
spectrophotometrically using Elico make UV-Visible spectrophotometer at A, = 555nm.

3. Results and Discussions
3.1. Effect of contact time and initial concentration

To study the effect of dyes initial concentration and contact time on adsorption uptake, RB solution with initial
concentrations 20, 40, 60, 80mgL™" was agitated with 100mg of CSAC. In this case, the solution pH was kept
natural without any pH adjustments. The experimental results of sorption of RB on to CSAC at various 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 positively charged surface of
activated carbon. The rate of dye adsorption is probably due to the slow pore diffusion of the solute ion into the
bulk of the adsorbent.

As shown in Fig. 1, the contact time needed for RB solution to reach equilibrium was 120min. 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 (q.) increased from 9.44 to
34.39 mgg™ with an increase in the initial concentrations from 20 — 80 mgL ™.
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Fig. 1. Effect of agitation time on adsorption- Initial concentration variation

3.2. Effect of adsorbent dose

The effect of adsorbent dose on the removal of the dye for different concentrations (20, 40, 60, 80 mgL™") were
investigated by agitating with different adsorbent dosage over the range of 25 -1000mg. The study reveals that
percentage adsorption increases with increase in the carbon concentration (Fig. 2). This attributes the increased
carbon surface area and availability of more adsorption sites.

3.3. Effect of pH

The effect of pH were investigated by employing initial concentration of dye (40 mg/L) and 100mg/50ml of
CSAC. The initial pH values were adjusted with 0.1M HCI and 0.1M NaOH to form a series of pH from 2 to 10.
The results show that there was no significant change in the percent removal of dye over the entire pH range.
This indicates that either H or OH ions could not influence the dye adsorption onto CSAC [16, 17].
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Fig. 2. Effect on adsorbent dose on the removal of Rhodamine B
3.4. Adsorption isotherms

3.4.1. Langmuir isotherm

The Langmuir isotherm is based on the assumption that it predicts monolayer coverage of the adsorbate on the
outer surface of the adsorbent [18]. This model also suggests that there is no lateral interaction between the
sorbed molecules. Linear form expression for the Langmuir model is

Ce/qe=1/bQy+C./Qy (1)

where,

Qo is a constant related to adsorption capacity (mg/g)

b is Langmuir constant related to energy of adsorption(L/mg)
C, is equilibrium constant of dye (mg/L)
de1s amount of dye adsorbed at equilibrium (mg/g)

The linear plot of C./q. versus C, is shown in Fig. 3(a). The constants Qp and b can be calculated from slope and
intercept of the plot and the values are tabulated in Table 1. The shape of the Langmuir isotherm was
investigated by the dimensionless constant separation term (Rp) to determine high affinity adsorption and is
expressed as R =1/ (1+b Cy). R values indicate the nature of adsorption process as given below.

R;, values Adsorption
Rp>1 Unfavourable
Ry =1 Linear

0<Rp<l Favourable
Ry =0 Irreversible

In the present investigation, the R values were less than one which shows the adsorption process was favorable.
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3.4.2. Freundlich isotherm

The Freundlich isotherm is based on multilayer adsorption on heterogeneous surface [19]. Linear form of
Freundlich equation is

logg.= log k¢+ 1/n logC, 2)

where,

e is dye concentration in solid at equilibrium (mg/g)

C. is dye concentration in solution at equilibrium (mg/L)

k¢ is measure of adsorption capacity (mg/g)

nis adsorption intensity
The linear plot of logq. versus logC, is shown in Fig. 3(b) .The values of 1/n and k¢can be calculated from the
slope and intercept respectively and the results are given in Table 1. When 1/n is >1.0, the change in adsorbed
dye concentration is greater than the change in the dye concentration in solution.

3.4.3. Dubinin-Raduskevich(D-R) isotherm

The D-R isotherm is more general because it does not assume a homogenous surface or constant adsorption
potential [20]. It was applied to estimate the porosity apparent free energy and the characteristics of adsorption.
The linear form can be represented as

Ing.= Inqp- Be? 3)
where,
B is a constant related to the mean free energy of adsorption (mol*(kJ*)™)
gp is the theoretical saturation capacity (mg/g)
¢ is the polyani potential, and calculated as follows:

€=RTIn (1+1/C,) @)
The slope of the plot of Ing, versus €* gives B and the intercept yields the adsorption capacity, qp. Fig. 3(c)
shows D-R plot and the results are given in Table 1. The mean free energy of adsorption (E) (KJmol™) is
calculated from the equation

E=1/(2B)"’ Q)

Table 1. Results of various isotherm plots for the adsorption of RB on to CSAC

Models Isotherm constants

-1 -3 -1 2

Langmuir Qu(mg g7) bx 10~ (L mg™) R
41.67 19.5 0.995

-1 2

Freundlich ki (mgg™) n R
0.0029 0.32 0.966

Dubinin- qp (mgg™) B (mol’kJ?) E (kJmol ™) R
Raduskevich 3125 0.000 0.7071 0.914

Tempkin a(Lg™") p(mgL™) b R’
0.3663 8.139 314.62 0.973

2

Harkin's- Jura A B R
500 2.5 0.936

3.4.4. Tempkin isotherm

The derivation in Tempkin isotherm assumes that fall in the heat of adsorption is linear rather than logarithmic,
as implied in Freundlich equation [21]. The Tempkin isotherm is applied in the following form

9= RT/b(In(AC.) (6)
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The linear form of Tempkin equation is
qe = Blna + BInC, @)

where,

B = (RT)/b, ®

T is the absolute temperature in Kelvin

R is the universal gas constant, 8.314 J (mol K)™!

b is the Tempkin constant related to heat of sorption (J/mg)

A the equilibrium constant corresponding to the maximum binding energy (L/g)

The Tempkin constants a and b are calculated from the slope and intercept of q. versus InC, (Fig. 3(d)) and
parameters are given in the Table 1.

3.4.5. Harkin’s - Jura isotherm

Harkin’s - Jura isotherm assumes the presence of multilayer adsorption with the existence of heterogeneous pore
distribution [22]. The Harkin’s-Jura isotherm is expressed as

1/g* = (B/A) = (/A (logC.)) ©
where,
C. is the equilibrium concentration of the dye in solution (mgL™")
qe is the amount of dye adsorbed onto the adsorbent (mgg™)
A and B are the isotherm constants

The plot of 1/q.> versus logC, gives a linear plot and the isotherm constants and correlation coefficients are
given in Table 1.
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Fig. 3. Adsorption isotherm plots for RB on to CSAC
(a) Langmuir plot (b) Freundlich plot (¢) Dubinin-Raduskevich (D-R) plot (d) Tempkin plot
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3.5. Kinetics of adsorption

The kinetic studies describe the rate of adsorption and this rate controls the equilibrium time. These kinetic
models are useful for the design and optimization of effluent treatment models. Pseudo first order, pseudo
second order, Elovich and Intraparticle diffusion kinetic models were analyzed for the mechanism of RB
adsorption by CSAC.

3.5.1. Pseudo first order model

The adsorption data fitted to the Lagergren’s pseudo first order rate equation is [23]

dqy/dt = ki(qe-qr) (10)

The integrated linear form of the model is
log(qe-qr) = logqe- ki / 2.303t (11)

where,
e is the amount of adsorbate adsorbed per unit mass of adsorbent at equilibrium (mg/g)
q: is the amount of adsorbate adsorbed at contact time t (mg/g)
k, is the pseudo first order rate constant (min™)

A plot of log(qe-q;) versus t gives a linear trace from which the values of k; and q. can be determined from the
slope and intercept. The data for the adsorption of RB on to CSAC applied to pseudo first order kinetic model is
shown in Fig. 4(a) and the results are presented in Table 2 .The determined values of q. calculated from the
equation differ from the experimental values, which show the adsorption of RB on to CSAC fitted poor to the
pseudo first order kinetics.

Table 2. Calculated kinetic parameters for the adsorption of RB on to CSAC

Concentration (mg/L) 20 ‘ 40 ‘ 60 | 80
Pseudo first order kinetics
k; x 10(min™) 138 | 1.61 | 1.84 | 2.07
gecal(mg/g) 3.87 8.41 12.1 16.67
g.exp(mg/g) 944 | 18.22 | 2647 | 34.49
R’ 0.999 | 0.989 | 0.989 | 0.989
Pseudo second order kinetics
k, X 10”(g/mg min) 8.2 4.0 2.9 2.2
gecal (mg/g) 10.1 19.6 28.5 37.0
h 0.83 1.56 241 3.1
R’ 0.995 | 0.997 | 0.997 | 0.998
Elovich
o (mg/g min) 9.12 12.1 20.9 22.4
B (g/mg) 0.75 0.36 0.25 0.2
R’ 0.967 | 0.983 | 0.981 | 0.981
Intraparticle
K4 (mg/ g min) 0.369 0.8 1.077 | 1.441
C (mg/g) 4.944 | 9.102 | 13.64 | 174
R’ 0.943 | 0.940 | 0.933 | 0.926
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3.5.2. Pseudo second order model

The rate of adsorption for pseudo second order model [24] can be given as
dq,/ dt = ky(qe-q)’ (12)

The linearised form of the above model is
t/qtzl/quez-"_t/qe (13)

where,
. is the amount of adsorbate adsorbed per unit mass of adsorbent at equilibrium (mg/g)
q: is the amount of adsorbate adsorbed at contact time t (mg/g)
k; is the rate constant of pseudo second order adsorption (g/mg min)

The initial adsorption rate, h (mg/g min), as t — 0 can be defined as
h=kyq.’ (14)

A plot of t/q; versus t gives a linear relationship, from which . and k; can be determined from the slope and
intercept of the plot respectively. The data for the adsorption of RB on to CSAC applied to pseudo second order
model is shown in Fig. 4(b) and the results are presented in Table 2. The pseudo second order rate constant
decreases from 8.2 x 107 to 2.3 x 10” (g/mg min) with increase in initial dye concentration. The equilibrium
sorption capacity, q. and initial sorption rate, h increases with increasing the initial dye concentration. From the
results it can be suggested that the adsorption of RB on to CSAC follows pseudo second order kinetics.

3.5.3. Elovich equation

The Elovich equation is another rate equation in which the absorbing surface is heterogeneous [25]. It is
generally expressed as

dq/dt = o e, (15)
Integrating this equation for the boundary conditions, “Eq. (15)” becomes

q:= 1/B In(aP) + 1/B Int (16)
where,
a is the initial adsorption rate (mg/g min)
B is related to the extent of surface coverage and the activation energy for chemisorption (g/mg)

A plot of q; versus Int gives a linear trace with a slope of (1/B) and an intercept of 1/p In(af}).The plot is linear
with good correlation coefficient as shown in Fig. 4(c) and results are given in Table 2.

3.5.4. Intra particle diffusion model

Weber and Morris suggested a kinetic model to identify the diffusion mechanisms and rate controlling steps that
affects the adsorption process [26]. It is empirically a functional relationship, common to most adsorption
processes, where uptake varies almost proportionally with t'/? rather than with the contact time. According to
this theory, the intraparticle diffusion equation is expressed as follows:

q=ket'? +C a7
where,
kq is the intraparticle diffusion rate constant (mg/g min'?)
C is the intercept (mg g
The plot of g, versus t"* gives a straight line from which kq can be calculated from the slope of the plot. Values
of C give an idea about the thickness of boundary layer, i.e., the larger the intercept, greater the contribution of
the surface sorption in the rate controlling step. The data for the adsorption of RB on to CSAC applied to Intra-
particle diffusion model is shown in Fig. 4(d) and the results are presented in Table 2. The constant C was
increased with increasing the dye concentration, which indicating the increase of the thickness of the boundary
layer and decrease of the chance of the external mass transfer and hence increase of the chance of internal mass
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transfer. The linear portion of the plot for wide range of contact time between adsorbent and adsorbate does not
pass through the origin. This deviation from the origin may be due to the variation of mass transfer in the initial
and final stages of adsorption. Such a deviation from the origin indicates the pore diffusion is the only
controlling step and not the film diffusion.
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Fig. 4. Kinetic plots for the adsorption of RB on to CSAC
(a) Pseudo first order plot (b) Pseudo second order plot (c) Elovich plot (d) Intraparticle diffusion plot

3.6. Desorption studies

Desorption studies help to elucidate the adsorption and recycling of the spent adsorbent and the dye. Neutral pH
water, Sodium hydroxide (1M) , Hydrochloric acid (1M) and 50% acetic acid (v/v) were used for desorption of
the dye. From the effect of various reagents used for desorption studies, 50% acetic acid shows better
percentage removal of dye from spent carbon, because more than 53% removal of adsorbed dye was
achieved [27]. Desorption of dye in acetic acid (organic medium) indicates the RB adsorption on to CSAC was
through by chemisorption mechanism.

4. Conclusion

The results of this investigation show that activated carbon developed from cocoa shell has a suitable adsorption
capacity for the removal of RB from aqueous solutions. The experimental results were analyzed by using
Langmuir, Freundlich, Tempkin, Harkin’s - Jura and Dubinin-Radushkevich isotherm models and the
correlation coefficients for Langmuir, Freundlich and Tempkin equations fitted better than Harkin’s - Jura and
Dubinin-Radushkevich equations. The kinetic study was performed based on pseudo first order, pseudo second
order, Elovich and intraparticle diffusion equations. The data indicated that the adsorption kinetics follow the
pseudo second order rate with Intraparticle diffusion as one of the rate determining step. The present study
suggests that CSAC could be employed as a promising low-cost adsorbent for the removal of RB from aqueous
solutions.

ISSN: 0975-5462 6291



C.Theivarasu et. al. / International Journal of Engineering Science and Technology
Vol. 2(11), 2010, 6284-6292

References

[1] McKay, G. (1979): Waste colour removal from textile effluents, Amer. Dyestuff Rep., 68, pp.29-34

[2] Alinsafi, A.; Khemis, M.; Pons, M.N.; Leclerc, J.P. (2005): Electro-coagulation of reactive textile dyes and textile wastewater, Chem.
Eng. Process, 44, pp.461-470

[3] Alkan,M.; Celikcapa, S.; Demirbas,O.; Dogan,M. (2005): Removal of reactive blue 221 and acid blue 62 anionic dyes from aqueous
solutions by sepiolite, Dyes Pigments, 65, pp.251-259

[4] Suhong Chen; Jian Zhang; Chenglu Zhang; Qinyan Yue; Yan Li; Cho Li. (2010): Equilibrium and kinetic studies of methyl orange and
methyl violet adsorption on activated carbon derived from Phragmites australis, Desalination, 252, pp.149-156

[5] Panswed, J.; Wongchaisuwan, S. (1986): Mechanism of dye wastewater color removal by magnesium carbonate-hydrated basic, Water
Sci. Technol., 18, pp. 139-144

[6] Muthukumar, M.; Selvakumar, N. (2004): Studies on the effect of inorganic salts on decoloration of acid dye effluents by ozonation,
Dyes pigments, 62, pp.221-228

[7] Upendrakumar. (2006): Agricultural products and by-products as a low cost adsorbent for heavy metal removal from water and
wastewater: A review, Sci. Res. and Essay, 1(2), pp.033-037

[8] Namasivayam, M.; Radhika,R.; Suba,S. (2001): Uptake of dyes by a promising locally available agricultural solid waste: coir pith,
Waste Management, 21, pp.381-387

[9] Rahman, IA,; Saad.B.; Shaidan,S.; Sya Rizal,ES. (2005): Adsorption characteristics of malachite green on activated carbon derived rice
husks produced by chemical-thermal process. Bioresource Technology, 14, pp.1578- 83

[10] Sumanyjith; Tejinder Pal SinghWalia; Ishu Kansal. (2008): Removal of Rhodamine-B by adsorption on Walnut shell charcoal, J. Surface
Sci. Tech., pp.179-193

[11] Chandran,B.; Nigam,P. (2002): Removal of dyes from an artificial textile dye effluent by two agricultural waste residues, corncob and
barley husk, Environ. Int., 28, pp. 29-33

[12] Senthilkumar, P.; Ramalingam, S.; Sentahamarai, C.; Niranjanaa, M.; Vijayalakshmi, P.; Sivanesan, S. (2010): Adsorption of dye from
aqueous solution by cashew nut shells: Studies on equilibrium isotherm, kinetics and thermodynamics of interactions, Desalination, 261, pp.
52-60

[13] Mak, S.M.; Tey, B.T.; Cheah, K.Y.; Tan, K.K. (2009): Porosity characteristics and pore developments of various particle sizes palm
kernel shells activated carbon and its potential applications, Adsorption, 15, pp. 507- 519

[14] Ahmed El Nemr. (2009): Potential of pomegranate husk carbon for Cr(VI) removal from wastewater: Kinetic and isotherm studies, J.
Hazard. Mater. , 161, pp. 132-141

[15] Sonawane, G.H.; Shrivastava, V.S. (2009): Kinetics of decolourization of malachite green from aqueous medium by maize cob (Zea
maize): An agricultural solid waste, Desalination, 247, pp. 430-441

[16] Garg,V.K.;Moirangthem Amita; Rakesh Kumar; Renuka Gupta.(2004): Basic dye(methylene blue) removal from simulated wastewater
by adsorption using Indian Rose wood sawdust: a timber industry waste, Dyes and Pigments, 63, pp. 243-250

[17] Stephen Inbaraj, B.; Sulochna, N. (2006): Use of jackfruit peel carbon for adsorption of rhodamine-B, a basic dye from aqueous
solution, Ind. J. Che. Tech., 13, pp. 17-23

[18] Langmuir, I. (1918): The adsorption of gases on plane surface of glass, mica and platinum, J. Am. Chem. Soc., 40, pp.1361

[19] Freundlich, H.M.F. (1906): Uber die adsorption in losungen, Z. Phys. Chem., 57, pp. 385-471

[20] Vikal Guptha; Jaya Agarwal; Manisha Purohit; Veena.(2007): Adsorption studies of Cu (II) from aqueous medium by Tamarind Kernal
powder, Res. J. Chem. Environ., 1191, pp. 40-43

[21] Necip Ata; Asim Olgun. (2009): Removal of basic and acid dyes from aqueous solutions by a waste containing boron impurity,
Desalination, 249, pp.109-115

[22] Gurses,A.; Dogar,C.; Yalc-in,M.;Acikyildiz,M.;Bayrak,R.; Karaca,S. (2006): The adsorption kinetics of the cationic dye methylene
blue onto clay. J. Hazard. Mater., 131, pp.217-228

[23] Lagergren,S. (1898): Zur theorie der sogenannten adsorption geloster stoffe Kunliga Svenska Vetenskapsakademiens, Handlingar, 24,
pp. 1-39

[24] Amit Bhatnagar; Jain,AK. (2005): A comparative adsorption study with different industrial wastes as adsorbents for the removal of
cationic dyes from water, J. Colloid and Interface Sci., 281, pp. 49-51

[25] Chien,S.H.;Clayton,W.R. (1980): Application of Elovich equation to the kinetics of phosphate release and sorption on soils, Soil Sci.
Soc. Am. J., 44, pp. 265-268

[26] Weber,WJ.; Chakravarthi,RK.(1974): Pore and solid diffusion modules for fixed bed adsorbent, J. Am. Inst. Chem. Engg., 22, pp. 228-
238

[27] Namasivayam, C.; Yamuna, R.T. (1992): Removal of Rhodamine B by biogas waste slurry from aqueous solution, Water, Air and Soil
Pollution, 65, pp.101-109

ISSN: 0975-5462 6292





