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ABSTRACT
In this paper, adsorption of lead and zinc on Curcuma longa leaf powder from solutions with environmentally 
relevant concentrations of metals was studied. The kinetics of adsorption of metal ions was analyzed. Optimum 
pH values for maximum metal ion adsorption were determined. Adsorption isotherms were expressed by 
Langmuir and Freundlich models. Langmuir adsorption model fits the experimental data reasonably well than 
Freundlich model. The thermodynamic parameters - such as standard Gibb’s free energy change (∆G°), standard 
enthalpy change (∆H°), and standard entropy change (∆S°) - were evaluated, which indicated that this system 
was spontaneous and endothermic. The studies showed that this low-cost material could be used as an efficient 
adsorbent for the removal of lead and zinc from aqueous solutions.
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1. INTRODUCTION
Heavy metals are used in several industrial applications 
due to their useful technological attributes. Although 
many heavy metals are necessary in small amounts 
for the normal development of the biological cycles, 
most of them become toxic at high concentration [1]. 
The waste water discharged from these industries 
cause toxic metal concentration of surface, sea and 
ground water resources, and enter the food chain of 
humans and other forms of life. Heavy metals being 
non-biodegradable tend to accumulate in living 
organisms, thus becoming a permanent source of 
hazard to health and life [2-5]. Heavy metals in aqueous 
solutions are usually removed by various remedial 
technologies such as adsorption, ion exchange, 
coagulation, floatation, chemical precipitation, and 
reverse osmosis  [6-9]. Biosorption is a biological 
method and can be an alternative to conventional 
wastewater treatment facilities [10,11].

In this work, Curcuma longa leaf powder is utilized as 
biosorbent to remove lead and zinc ions from aqueous 
solutions.

C. longa is a rhizomatous herbaceous perennial plant 
belongs to Zingiberaceae family and native to Indian 
subcontinent. Its rhizome is used as herbal medicine 
and its leaves are almost do not have any economic 

value after separating from plant. Hence, in this study, 
a biosorption method for the removal of lead and zinc 
ions using C. longa leaf powder as low-cost biosorbent 
has been developed.

2. EXPERIMENTAL
2.1. Preparation of C. longa Leaf Powder
The leaves were washed thoroughly with tap water 
followed by deionized water, and the leaves were 
sundried and crushed to fine powder by a high-speed 
rotary cutting mill. A  weighed amount (50  g) of 
C. longa leaf powder was transferred into 1000  ml 
glass beaker and added 500 ml of deionized water. The 
resulting mixture was stirred for 1 h and the biosorbent 
was separated from the solution by filtration, washed 
with distilled water several times until no color was 
detected in the filtrate. Afterward, it was dried in an 
oven at 70°C for 24 h and kept in a desiccator until 
it reaches room temperature and packed in polythene 
cover for further studies. The resulting biomass was 
designated as Curcuma longa leaf powder (CLLP) for 
further representation.

2.2. Preparation of Solutions
Lead and zinc solutions of desired concentration 
were prepared by dissolving the appropriate amounts 
of Pb(NO3)2 and ZnSO4.7 H2O (Merck) in distilled 
water. The pH of each test solution was adjusted to the 
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required value with 0.1 N NaOH or 0.1 N HCl. All the 
chemicals used in this study were of analytical grade.

2.3. Batch Adsorption Experiments
Adsorption capacity of CLLP was studied by adding 
0.1-0.7  g of adsorbent in 100  ml of lead and zinc 
solutions at different concentrations. The flasks were 
sealed with glass stopper and kept on oscillating 
shaker; they are shaken for 140 min at 160 rpm. To 
study the effect of different factors that are affecting 
the adsorption such as of lead and zinc, effect of pH, 
effect of contact time, a series of batch experiments 
were conducted with different initial concentration 
of lead and zinc solutions (50, 75, 100, 125 mg L−1). 
Then, the conical flasks were put on to the oscillating 
shaker for 140  min to reach adsorption equilibrium 
at the fixed shaking speed (160  rpm), then the 
concentration of lead and zinc in the filtrate was 
determined.

3. RESULTS AND DISCUSSION
3.1. Scanning Electron Microscope (SEM) Analysis
Figure 1 shows the SEM micrographs of CLLP before 
and after adsorption. From these images, it is clear that 
CLLP has porous and rough surface texture, where 
there is a good possibility for the adsorption of lead 
and zinc. However, it is clearly shown that the surface 
of CLLP is covered with a layer of lead and zinc after 
adsorption.

3.2. Effect of Contact Time
The effect of contact time on the extent of adsorption 
of lead and zinc at different initial concentration of 
metal ions was investigated. The biosorption yield of 
lead and zinc increased considerably until the contact 
time reached 140 min. Further increase in contact time 
did not enhance the adsorption. Hence, the optimum 
contact time was selected as 140  min for further 
experiments.

3.3. Effect of pH
The effect of pH on the adsorption of lead and zinc 
by the CLLP was studied in the pH range 2.0-6.0. The 
maximum bioadsorption was observed at pH 6.0 and 
5.5 for lead and zinc, respectively. The adsorption could 
not be carried out beyond pH 6.0 due to precipitation 
of Pb(OH)2 and Zn(OH)2. At low pH, the hydronium 
ions concentration is more hence these are bound to 
the adsorbent leaving the metal ions unbound. When 
pH value is increased, the concentration of hydronium 
ions decreased and the metal ions are adsorbed on the 
adsorbent.

3.4. Kinetic Studies
Kinetic studies were carried out to study pseudo-first 
order and pseudo-second order and intraparticle diffusion 
models. The pseudo-first order rate equation is [12],

log( ) log
.

q q q
K

te t e− = − 1

2 303
� (1)

Where, qe and qt are the amount of metal ion adsorbed 
on adsorbent (mg/g) at equilibrium and at t time, 
respectively, and K1 is the rate constant of first-order 
adsorption (min−1). Pseudo-second-order rate equation 
can be expressed as [13,14],

t

q
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Where, K2 is the rate constant of second order 
adsorption (g/mg min). The plots are shown in 
Figures 2 and 3.

The equation corresponds to intraparticle diffusion 
model is expressed as [15],

qt=Kidt0.5+C� (3)

In Figures  4 and 5, the initial covered region 
corresponds to the external surface obtained, the 
second region relates the gradual uptake indicating 
intraparticle diffusion as the rate limiting step and final 
region indicates the equilibrium uptake. The values of 
rate constants and correlation coefficients of kinetic 
studies are shown in Table 1. Compared to pseudo-first 
order and intraparticle diffusion kinetic model, a good 
correlation coefficient was obtained for pseudo-second 
order, which indicates that the biosorption follows 
pseudo-second order rate expression.

3.5. Equilibrium Studies
The empirical Freundlich equation based on adsorption 
on a heterogeneous surface is [16],

q K Ce f e

1

n= ( ) � (4)

Where, qe is the amount adsorbed at equilibrium (mg/g), 
Ce the equilibrium concentration (mg/L), Kf and 

Figure 1: (a) Scanning electron microscope (SEM) 
image of Curcuma longa leaf powder before 
adsorption, (b) SEM image of C. longa leaf powder 
after adsorption of lead, (c) SEM image of C. longa 
leaf powder after adsorption of zinc.
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Figure 2: Pseudo second order kinetic plots at different 
initial concentrations of lead on Curcuma longa leaf 
powder.

Figure 3: Pseudo second order kinetic plots at different 
initial concentrations of zinc on Curcuma longa leaf 
powder.

Figure 4: Weber-Morris plots at different initial 
concentrations of lead on Curcuma longa leaf 
powder.

Figure 5: Weber-Morris plots at different initial 
concentrations of zinc on Curcuma longa leaf 
powder. Ta
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n are equilibrium constants indicating the adsorption 
capacity and adsorption intensity, respectively.

Equation (4) can be linearized in logarithmic form as 
given below,

log log logq K
n

Ce f e= +
1 � (5)

The Langmuir equation has the form [17],

C

q

1

Q b
+
C

Q

e

e 0

e

0

= � (6)

Where, qe is the amount adsorbed at equilibrium 
(mg/g), Ce the equilibrium concentration (mg/L). Q0 
and b are Langmuir constants indicating adsorption 
capacity and energy, respectively. By plotting 1/Ce 
versus 1/qe, the value of b can be determined from the 
straight line obtained. The constants Q0 and KL are 
tabulated in Table 1.

From the correlation coefficient values of Langmuir 
and Freundlich models, it is found that the adsorption 
of lead and zinc best fits to Langmuir model.

3.6. Thermodynamic Studies
The effect of temperature was studied in the range of 
303-313 K. The Gibbs free energy (ΔG°), enthalpy 
(ΔH°), and entropy (ΔS°) for the adsorption process 
were obtained using the following equations.

ΔG°=−RTlnKc� (7)

ΔG°=ΔH°−TΔS°� (8)

ln K
” S

R

” H

RT
c

0 0

= − � (9)

Where, T is the temperature in Kelvin, R is the gas 
constant (8.314 J/mol K), Kc is the equilibrium constant. 
The enthalpy change (ΔH°) and the entropy change 
(ΔS°) can be calculated from a plot of ln Kc verses 1

T
 

(not shown), and the values are presented in Table 2.

Values of free energy changes ΔG° are negative 
confirming that adsorption is spontaneous and 
thermodynamically favorable. The more negative 
values of ΔG° indicate a higher driving force to 
the adsorption process. The positive values of ΔH° 
indicate that the adsorption process is endothermic in 
nature. The positive values of ΔS° indicate the stability 
of adsorption process without any structural change at 
solid-liquid interface.

4. CONCLUSION
The results of this study show that the C. longa leaf 
powder has suitable adsorption capacity with regard 
to the removal of lead and zinc from aqueous solution. 
The adsorption process follows pseudo-second-order 
kinetics and obeyed Langmuir adsorption isotherm. 
The negative values of ∆G° indicate adsorption is 
spontaneous and positive values of ∆H° and ∆S° were 
calculated and concluded the adsorption process was 
endothermic.
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