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Abstract

Adsorption is a promising technology in the removal of toxic metal ions from waste
waters. This work is aimed towards providing ecofriendly and cost effective waste
management method by making use of natural resources. The study describes the use of
bengal gram (husk) as potential raw material for the removal of Pb (Il) from aqueous
solutions. Adsorption capacity was tested by studying various factors such adsorbent
dosage, initial concentration of Pb (Il) and contact time. Adsorption kinetics and
thermodynamic parameters such as enthalpy, entropy and free energy were determined.
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Introduction

The ground water contaminated by heavy metals from industrial effluents and their persistence in food
chain has been of major concern as it is a serious threat to aquatic culture including fisheries. The ever
increasing demand for water of high quality has caused considerable attention to be focused towards
recovery and reuse of wastewater'. Awareness encouragement of pollutant toxicity has forced industries
and municipal authorities to treat wastewater before discharging to the natural water bodies. Therefore, to
remove toxic heavy metal from contaminated wastewater is one of the most important environmental and
economic issues today.

Lead is one of the most toxic heavy metal that is attracting wide attention of environmentalists. The
sources of lead release into the environment by waste streams are acid metal plating, fishing, ammunition,
battery manufacturing, tetraethyl lead manufacturing, glass industries, printing, painting, dying and other
industries. In human, lead poisoning causes problems to the kidney, nervous system, reproductive system,
liver and brain. Severe exposure to lead leads to sterility, abortion, stillbirths and neo natal deaths2. Lead
is known to cause mental retardations, it interferes with normal cellular metabolism and it reduces
hemoglobin production which is necessary for oxygen transport3. There are number of various methods
used to minimize for removal of metal ions from aqueous solutions, such as reduction, ion exchange,
electro dialysis, electrochemical precipitation, evaporation, solvent extraction, reverse o0smosis,
adsorption & electro flotation4 etc. Natural adsorbents are gaining importance due to their low cost and

environment friendly nature.
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This study was undertaken to explore the efficiency of bengal gram husk (Cicer arientinum) as adsorbent
for the removal of lead from aqueous solutions. Batch experiment studies were carried out to investigate
the effect of various parameters like weight of adsorbent, initial metal ion concentration & contact time.
Equilibrium studies were performed by analyzing the Langmuir and Freundlich isotherms. The kinetics
and thermodynamic parameters were evaluated.

Material and Methods

All the chemicals used were of analytical reagent grade. Filtrates were analyzed for lead concentrations
on atomic absorption spectrophotometer.

Activation of adsorbent

250 ml H2SO4 and 62.5 ml of 39% HCHO was taken in a 500 ml beaker and 25g of finely ground
powder of bengal gram husk was added to it. The solution was kept in a water bath at 600 for 6 hrs and
the whole mixture was occasionally stirred. The mixture was filtered and the residue was washed with
distilled water several times to remove traces of acid. The residue was then dried for 24 hrs at 500C in a
vacuum oven and used as adsorbent for the removal of metal ions.

Batch Adsorption Studies

To study the effect of weight of bengal gram husk on the Pb2+ ions adsorption, different amounts of
adsorbent (0.05, 0.2, 0.3g) were added into a 250 ml conical flask containing a definite volume (50 ml) of
fixed initial concentration (100 ppm) of Pb2+ions solution . The pH of the solution was 4.5. The mixtures
were agitated at 100 rpm for 5 hr. and then filtered. The filtrate containing the residual concentration of
lead was determined spectrophotometrically5.

Effect of initial concentration was studied by carrying out batch experiments on 50 ml of different
concentration of Pb2+ ion solution (100, 250, 500 ppm) in a 250ml conical flask containing 0.3 g of
bengal gram husk adsorbent. The mixtures were agitated at 100 rpm for 5 hr.

Adsorption experiments were performed at different temperatures of 300C & 400C for the initial lead
concentrations with previous reaction conditions to know the effect of temperature. Effect of contact time
was studied by agitating 50 ml of 100 ppm lead solution and 0.3 g of adsorbent for different time
intervals. Studies on adsorption isotherm (Langmuir and Freundlich), thermodynamic and kinetic
parameters were conducted as per literature6-9.

Results and Discussion

Effect of amount of adsorbent, initial concentration and contact time

The results showed that as the adsorbent dosage increased, the percentage of adsorbed Pb (II) also
increased. The removal of Pb(II) ion is found to increase with decrease in initial concentration.
Experiments on effect of contact time showed that the rate of percent lead removal is higher at the

beginning. This is probably due to larger surface area of the bengal gram husk being available at the
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beginning for the adsorption of Pb2+ ions. As the surface adsorption sites become exhausted, the uptake
rate is controlled by the rate at which the adsorbate is transported from the exterior to the interior sites of

the adsorbent particles.
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Fig 1, 2 & 3: Effect of amount of adsorbent, initial conc. and contact time
on lead at 300 min.
The Langmuir isotherm

The Langmuir adsorption equilibrium isotherm of lead onto activated bengal gram husk at 300C is
presented in Fig. 4. Regression analysis reveals that the Langmuir model fits the Experimental data well
with correlation factor higher than 0.98. A plot of 1/010J versus 1/0J 1 was found to be a straight line
with 1/00 m, KL as intercept and slope, and hence KL can be calculated. Langmuir constants KL, and

the correlation coefficient [] 2 are given in Table 1.
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Fig 4 & 5: Langmuir and Freundlich adsorption isotherm for lead on bengal gram husk at 300C.

The Freundlich isotherm:

The Freundlich adsorption equilibrium isotherm of lead onto activated bengal gram husk at 300C (Fig: 5)
is studied. Plot of Log qe versus Log Ce is found to be a straight line. The magnitudes of Kf and n show
easy separation of lead ions from the aqueous solution and indicate favourable adsorption. The intercept
Kf value is an indication of the adsorption capacity of the adsorbent; the slope 1/n indicates the effect of
concentration on the adsorption capacity and represents adsorption intensity. Both the Langmuir and
Freundlich isotherm parameters for the adsorption of lead onto activated bengal gram husk and the
correlation coefficients are shown in Table 1. The correlation coefficients of the Freundlich model were

higher than that of Langmuir model suggesting towards monolayer adsorption process.

Adsorption Studies of Pb (ll) lons by Using Modified Bengal Gram Husk | DEEPA PANHEKAR -501 -
(Cicer Aritinum): Thermodynamics And Kinetics



EEI'“H' International Journal of Chemical and Physical Sciences, ISSN:2319-6602

IJCPS Vol. 4 Special Issue — NCSC Jan-2015
WWW.ijcps.org

Table 1. Constants for Adsorption isotherm

Langmuir Isotherm Freundlich Isotherm Temperature
KL R2 Kf R2
-0.1107 0.99 -7.345 0.91 3030K

Since the value of R2 is nearer to 1 which indicates that the respective equation better fits the
Experimental data. The observations confirm the capacity of bengal gram husk to adsorb lead.
Adsorption Kinetics:

The kinetic studies of Pb (II) adsorption on activated bengal gram husk was carried out using the pseudo-
first order and pseudo-second-order models on Experimental data. The effect of initial lead
concentrations was investigated to find the best fit kinetic model. The kinetic constants and correlation
coefficients of pseudo first-order kinetic model fail to give straight line. Therefore, pseudo second-order
kinetic model is preferred.

The pseudo-second-order kinetic model was applied by plotting t/qt versus t, and this model gave high
values of regression correlation coefficient as seen in Figure 6. This implies that the mechanism of

adsorption of Pb(II) ion on the activated bengal gram husk follows the pseudo second-order kinetics.
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Fig 6 & 7: Pseudo-second order kinetics and Thermodynamic parameter for adsorption of Pb(II)

This is compared with the kinetic studies of Ni (II) adsorption of coconut husk conducted by Kehind10
where regression coefficients showed high values for the pseudo-second-order kinetic model (R2 = 0.96)
indicating its applicability to adsorption. Both factors indicate that the adsorption of metal ions followed
the second-order kinetic model, indicating that the rate-limiting step was a chemical adsorption process
between the metal ion and activated bengal gram husk11. It was observed that the adsorption rate follows
pseudo second-order kinetics.

Thermodynamic Studies:

A plot of InKc versus 1/T was found to be linear (Fig 7), AH and AS were determined from the slope and
intercept of the plot, respectively (Table 2). Positive AG indicates that the adsorption process of lead ions

by activated bengal gram husk can be enhanced at elevated temperature. The negative values of change in
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enthalpy (AH) suggest the exothermic nature of adsorption and the negative values of change in entropy
(AS) can be used to describe the randomness at the solid solution interface during the adsorption of Pb(II)
ion on bengal gram husk .

Table 2: Thermodynamic parameters for the adsorption of Pb(Il) ions onto activated bengal gram husk.

Initial Pb(II) conc.(mg/L) AG(kJ/mo AH(kJ/mo AS(kJ/mol Temp.(lJ

0.00120656 499.65 -10.54 -1.63 303

Conclusion

Equilibrium, kinetic and thermodynamic studies were conducted for the adsorption of Pb2+ ions from
aqueous solution onto activated bengal gram husk. The equilibrium data have been analyzed using
Langmuir, Freundlich isotherms. The characteristic parameters for each isotherm and related correlation
coefficients have been determined. The Freundlich isotherm was demonstrated to provide the best
correlation for the sorption of Pb2+ ions onto activated adsorbent. The suitability of the second-order
equations kinetic model for the sorption of Pb2+ions onto activated bengal gram husk is also discussed.
The pseudo second-order kinetic mode agrees very well with the dynamical behavior for the adsorption of
Pb2+ ions onto adsorbent for different initial Pb2+ ions concentrations over the whole range studied. It
may be concluded that activated bengal gram husk may be used as a low-cost, natural and abundant
source for the removal of Pb2+ ions from the wastewater.

References

[1] Glared B D, Oriental Journal of Chemistry, Vol. 26 (1), 175-180, 2010.

[2] Wang S-G,Gong W-X,Liu X-W,Yao Y-W,Gao B-Y, Sep. and Puri.Tech.,58,17-23, 2007.

[3] Joseph T. N, Philomena K. Igbokwe, Int. J. of App. Sci. and Tech.,Vol.2, No.3, 2012.

[4] Patil S J, Bhole A G and Natarajan G S, J. of Eniir. Sci. & Eng. Vol.48, 3, 203-208, 2006.

[5] Namasivayam C, Prabha D and Kumutha M, Bioresour. Technol. 64(1), 77-79, 1998.

[6] Agyei NM, Strydom C A and Potgieter ] H, Cem.and Concr. Res.,30(5), 823-826, 2000.

[7] Ho, Y S, and McKay G, Journal of the Int. Adsorption Society, 5(4), 409-417, 1999.

[8] Baup S, Jaffre C, Wolbert D and Laplanche A, Adsorption, 6(3), 219-228, 2000.

[9] Yavus O, Altunkaynak Y and Guzel F, Water Research, 37, 948-952, 2003.

[10] Kalavathy M H, Miranda L R, Moringaoleifera, Chem. Eng J(158):188-199, 2010, 2012.

[11] Kehinde OO, Oluwatoyin TA, Aderonke OO, Afr. J. Enviro. Sci. Tech. 3:360-369, 2009.

Adsorption Studies of Pb (ll) lons by Using Modified Bengal Gram Husk | DEEPA PANHEKAR -503 -
(Cicer Aritinum): Thermodynamics And Kinetics



