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INTRODUCTION

Presence of heavy metals in the wastewater has been of
great concern because of increasing discharge, toxic nature
and other adverse effects on receiving bodies of water. Major
sources of heavy metals to the water is rapidly developed indus-
tries like metal processing, paper pulp industry, fertilizer industry,
batteries, efc. discharge heavy metals contaminant into nearby
water bodies [1]. Adsorption is emerging out as one the best
method to remove heavy metals from wastewater on behalf of
its low operational cost and its efficiency to remove even trace
amount of heavy metal contaminant from wastewater. Numerous
cost effective, easily available plant materials have been tried
out for removing heavy metal from wastewater [2].

Prosopis juliflora is an evergreen xerophytic tree. Prosopis
Jjuliflora tree bears pods in both summer and winter season.
The seed contain biologically active compounds such as
alkaloids, carbohydrates, flavonoids, amino acids, mucilage,
cotyledon tannins and phenolic compounds. Lysine was the
predominating amino acid in seeds and pods and methionine
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In this present study Prosopsis juliflora seed powder has been tried out as an economically efficient adsorbent to remove Cd(II), Cu(II) |
and Zn(II) from aqueous solution. FTIR analysis of compounds present in Prosopsis juliflora seed powder have -OH, C-N str, C=0, -NH |
alike functional groups. These functional group were responsible for binding of heavy metal in wastewater on Prosopsis juliflora seed |
powder. SEM morphological study shows Prosopsis juliflora seed powder poses rough surface. Hence, heavy metals in wastewater are
easily absorbed on the surface of the seed powder. The influence of various process parameters such as solution pH, sorbent dose and |
contact time on the removal process for removing Zn, Cu and Cd from wastewater were investigated by batch mode of operation. The |
percentage removal of Cd(II), Cu(II) and Zn(II) were found to be 88, 90 and 85 % at optimum pH and contact time and sorbent dosage. |
Freundlich and Langmuir adsorption isotherm were drawn for varying initial concentration of Cd(II), Cu(Il) and Zn(II) ions. Straight-line |
nature of the plots indicated that the adsorption process follow both isotherm model. The adsorption capacity (Qo) values for the removal
of Cd(Il), Cu(Il) and Zn(II) were found to be 52.63, 43.47 and 35.71 mg/g, respectively. I
|
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was present in small amount. Concentration of sulphur con-
taining amino acids is low but the content of other amino acids
is more [3]. Owing to the presence of many functional groups
the Prosopis juliflora seed can be used as good adsorbents for
removal of toxic metal ions in aqueous solutions. Moreover
Prosopis juliflora plant is low-cost, abundantly available plant
material. Hence, in the present work, Prosopis juliflora seed
powder is used as inexpensive and effective adsorbent to
replace commercially available adsorbent to remove heavy
metals in wastewater.

EXPERIMENTAL

Preparation of adsorbent: Prosopis juliflora seeds are
collected from local area. These seeds were dried under
sunlight for a few days and then in oven at 80 °C. The dried
seeds were crushed and blended to powder form using a
blender. Then the seed powder was sieved to the particle size
of 300 to 800 um using ASTM.

Characterization adsorbent: FTIR spectroscopy was
used to identify the functional groups present in seeds. The
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samples were examined using Shimaduz 84005 FT-IRS spectro-
meter within range 4000-400 cm™. Scanning electron micro-
scope (SEM) (JOEL JSM 6360) machine was used to check
the surface morphology of adsorbent prepared from Prosopis
Jjuliflora seed.

Preparation of metal ions solutions: A stock standard
solution of Cu(Il), Zn(II) and Cd(II) were prepared by dissol-
ving appropriate amount of CuSO45H,0, ZnSO,-7H,O and
CdSO4-H,0 in double distilled water.

Batch experiment: The adsorption experiment was carried
out in batch mode of operation at room temperature in 200
mL polythene bottles [4]. Each bottle contains 100 mL Cu(II),
Zn(IT) and Cd(II) ion solutions of desired concentration (10
mg/L). 1.0 g of powdered Prosopis juliflora seed (PJS) adsor-
bent was added to each of the solutions and equilibrated for
predetermined period. At the end of equilibrium period, the
Prosopis juliflora seed powder was removed by filtration using
Whatman filter paper (No. 41). The concentration of metal
ions left out in of the solutions was analyzed by atomic absor-
ption spectrophotometer. Effect of contact time on adsorption
capacity of Prosopis juliflora seed for Cu(Il), Zn(II) and Cd(II)
ions in aqueous solution was determined at different time
intervals (15 min) until the attainment of equilibrium.

Optimum sorbent dose for 100 mL the given concentration
of (10 mg/L) Cu(l), Zn(II) and Cd(II) solutions was studied
by varying adsorbent dosage from 1.0 to 5.0 g. The effect of
pH on adsorption capacity was studied by adjusting pH of
100 mL of Cu(II), Zn(II) and Cd(II) solutions congaing 1.0 g
of Prosopis juliflora seed adsorbent to the required pH range
(2-7) by adding 0.1 M HC1 or 0.1 M NaOH solution.

Langmuir and Freundlich isotherm constants were deter-
mined for the adsorption of Cu(Il), Zn(Il) and Cd(II) on
Prosopis juliflora seed powder. The percent adsorption of metal
ions was calculated as follows:

Adsorption (%) = (Cig <. jxlOO (1)

Adsorption capacity at time t and at equilibrium in mg/g
were obtained as follow:

C.-C
qc=[ : °]><V (2)

m

where C; and C. (mg/L) are the initial and equilibrium con-
centration of metal ions, V was volume of the solution (L) and
m is the mass of adsorbent (g).

RESULTS AND DISCUSSION

Fourier-transform infrared spectroscopy (FTIR): FTIR
analysis was used to identify the functional in Prosopis juliflora
seed component, which are responsible for the adsorption of
metal ions in aqueous solution. FTIR spectrum of Prosopis
Jjuliflora seed powder before and after adsorption of metal ions
were compared (Fig. 1). Based on Fig. 1(a), a strong and broad
band observed at 3300 cm™' corresponds to stretching vibration
of —OH group. The three distinct absorption bands located at
1653, 1543 and 1237 cm™ are assigned as amide C=0, N-H
and C-N bands, respectively [5]. The vibration around 1401
cm™ and 1447 cm™ could be due to deformation vibration of

C-H group. Two discernible absorption bands at the wave
numbers of 2926 cm™ and 2874 cm™ corresponding to alkyl
groups [6]. These FTIR spectra of Prosopis juliflora seed powder
after adsorption of metal ions shows [Fig. 1(b)-(d)] shift in
adsorption frequencies. Change in absorption intensity and
the shift in adsorption frequency of functional groups could
be attributed to complexation between metal ions [Cu(Il),
Zn(II) and Cd(II)] and binding sites of Prosopis juliflora seed
powder. Thus, metal ions in aqueous solution may be absorbed
on Prosopis juliflora seed powder through these functional
groups.
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Fig. 1. FTIR spectra of Prosopis juliflora seed powder (a) before adsorption

after adsorption of (b) Cu(Il) (c¢) Zn(II) (d) Cd(II)

SEM analysis: Surface morphology of Prosopis juliflora
seed powder was studied by SEM analysis. The SEM image
of Prosopis juliflora seed powder, display a smooth and dense
surface with small channels on the surface [Fig. 2(a)]. After
adsorption of Cu(Il), Zn(II) and Cd(II) ions, a significant
change is observed in the surface of the adsorbent. Appearance
of white dense (cloud) layer on SEM images [Fig. 2(a)-(b)],
indicate metal ions were adsorbed on the surface of Prosopis
Jjuliflora seed powder.

Effect of contact time: Effect of contact time on adsorp-
tion efficiency of Prosopis juliflora seed powder of Cu(Il),
Zn(Il) and Cd(II) ions were show in Fig. 3. It indicates that
adsorption efficiency increases with increasing with increasing
contact time until equilibrium is attained. Optimum contact
time for the maximum removal of Zn(Il) ion by Prosopis juliflora
seed powder was found to be 120. Whereas, optimum contact
time for maximum removal of Cu(Il) and Cd(II) ions were
found to be 150 min. Maximum percentage removal of Cu(Il),
Zn(Il) and Cd(II) ions are 68, 66 and 72 % at optimum pH
and contact time.

Effect of pH: The pH of the solution is one of the impor-
tant parameter which influence solubility of the metal ions,
interaction of counter ion with the functional groups of the
adsorbent and the extent of ionization of the of the adsorbate
during adsorption. Hence, adsorption of Cu(Il), Zn(II) and
Cd(I) ions strongly depend on pH of the solution. Effect of
pH on adsorption efficiency of Prosopis juliflora seed powder
for Cu(Il), Zn(II) and Cd(II) ions were shown in Fig. 4. An
increasing pH of the solution from 2 to 6 % removal of Cu(II)
was found to be increases. In case of Cd(II) and Zn(II), the
amount of metal ions adsorbed increased until pH 5.0. At low
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Fig. 2. SEM morphology of Prosopis juliflora seed powder (a) before adsorption and after adsorption of (b) Cu(Il) (c) Zn(II) (d) Cd(II)
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Fig. 3. Effect of contact time on adsorption

pH, there is excessive protanation of active sites of the adsor-
bent and this refuse the adsorption of positively charged metal
ions from solution. At moderate pH, H" is released from active
site of the adsorbent, therefore maximum amount of metal
ions are adsorbed at this pH range of the solution. At higher
pH, the metal ions in aqueous solution get precipitated as metal
hydroxides so adsorption capacity of Prosopis juliflora seed
powder was found to be decreased at higher pH [7,8].

Effect of adsorbent dosage: Adsorbent dosage has a signi-
ficant effect on percentage removal of metal ions in aqueous
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Fig. 4. Effect of pH on adsorption

solution. Effect of dosage of Prosopis juliflora seed on adsor-
ption of Cu(Il), Zn(Il) and Cd(II) ions in aqueous solutions
is shown in Fig. 5. Increasing adsorbent dosage increases
percentage removal of Cu(Il), Zn(IT) and Cd(II) ions. Optimum
dosage of adsorbent for maximum removal of Cu(Il), Zn(II)
and Cd(II) ions were found to be 3.0 g. Further increase in
adsorbent dosage did not increases percentage removal of
metal ions. This may be due to the availability of excess adsor-
bent site for the metal ions [9].
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Adsorption isotherm: An adsorption isotherm model
explains distribution of metal ions between solution phase and
adsorbent surface. Isotherm studies were carried out by varying
the concentration of Cu(Il), Zn(IT) and Cd(IT) metal ions for the
fixed amount of adsorbent (1.0 g/100 mL). The experimental
data for the adsorption of all the three ions were examined
with Langmuir and Freundlich adsorption isotherms. Langmuir
model is valid for monolayer adsorption onto the adsorbent
having fixed number of adsorbent sites [4,10].

. C 1 C
Langmuir isotherm = — = e

—+
Q. Qb Q,
where C. and g. are amount of metal ion in remain solution
(mg/L) and amount metal ion adsorbed on the adsorbent (mg/g)
at the end of equilibrium time. The plot of C./q. vs. C. give a
straight line (Fig. 6), from the slop and intercept of the line
adsorption capacity Qo (mg/g) and affinity of adsorption b
(L/mg) could be calculated [8].

The Freundlich equation is an empirical expression, which
encompasses the heterogeneity of the surface and the experi-
mental distribution of the sites and their energies [11].

Freundlich isotherm: log (x/m) = log K¢+ 1/n log C.

where C. is the equilibrium concentration (L/mg) and x/m is the
amount of metal ions adsorbed per unit mass of the adsorbent.
Krand n are the Freundlich constants related to the adsorption
capacity and the rate of adsorption, respectively [9].

Plot of log (x/m) vs. log C. gives a straight line (Fig. 7)
with a slope of 1/n and log K(is the intercept of log (x/m) at
log C.=0[8]. According to Desta [12], a high value of n (> 1)
means that adsorption is good over the entire concentration
range studied while a small value of n (< 1) indicates that
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Fig. 7. Freundlich adsorption isotherm

adsorption is good at high concentrations and poor at low solute
concentrations.

The calculated values of Freundlich and Langmuir iso-
therm constants are listed in Table- 1. Langmuir isotherm model
well fit to the experimental values with good correlation (R
values) for the adsorption of [Cu(II), Zn(IT) and Cd(II)] metal
ions onto the Prosopis juliflora seed powder. The maximum
adsorption capacities (Qop) estimated from the Langmuir
isotherm model for Cu(II), Zn(IT) and Cd(IT) were 52.63, 43.47
and 35.71 mg/g for Prosopis juliflora seed powder. The values
of adsorption affinity (b L/mg) were found to be 0.0795, 0.0774
and 0.0933 L/mg (Cu(Il), Zn(I) and Cd(II)) metal ions.

TABLE-1

ADSORPTION ISOTHERM PARAMETERS FOR THE ADSORPTION OF Cd, Cu AND Zn ON Prosopis juliflora SEED

. Freundlich isotherm Langmuir isotherm
Adsorbent Metal ions 3 3
K (mg/g) n (L/mg) R Q, (mg/g) b (L/mg) R
Prosopis CddI) 4.99 1.57 0.989 52.63 0.0795 0.997
Jjuliflora Cu(II) 4.24 1.61 0.974 43.47 0.0774 0.995
powder Zn(II) 4.37 1.77 0.974 35.71 0.0933 0.998
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The stronger affinity of biosorbents towards Cd(II) than
Cu(Il) and Zn(II) can be related to ionic radius and atomic
weight. The 1/n values calculated from the Freundlich isotherm
model (Table-1) lie between O and 1. This suggests that the
adsorption of metal ions onto biosorbents was favourable. The
adsorption behaviour was further evaluated by separation
factor (Ry). Ry is a dimensionless constant obtained from the
Langmuir isotherm model. It can be expressed as:

R, __
(1+bC,)

Asdescribed by Hall ez al. [13], Ry values indicate the shape
of isotherm: (1) unfavourable (Ry. > 1), (2) linear (R, = 1) and
(3) favourable 0 < R;. < 1 and (4) irreversible (R, = 0). The R,
values for Cu(Il), Cd(II) and Zn(II) adsorption by Prosopis
Jjuliflora seed were in the range 0 < Ry < 1. This indicates that
the adsorption of metal ions was favourable. The maximum
adsorption capacity (Q) of Prosopis juliflora seed for Cu(Il),
Cd(II) and Zn(IT) were compared with other low-cost adsorbents.
From Table-2, it is apparent that the adsorption capacity of
biosorbents studied was comparable with other adsorbents.
The difference in metal uptake by various adsorbents may be
due to the difference in physical and chemical characteristics
of the adsorbents [4].

TABLE-2
COMPARISON OF ADSORBENT CAPACITY OF VARIOUS
LOW COST ADSORBENTS FOR THE ADSORPTION OF
Cd, Cu AND Zn METAL IONS IN AQUEOUS SOLUTION

Adsorbents Q (mg/g) Ref.
Cd Cu 7n
Moringa oleifera 90.25 39.52 72.99 [14]
Musa cavendish 32.6 28.57 - [15,16]
Black gram husk 39.99 25.73 33.81 [17]
Rise husk 8.58 30.30 - [18]
Sunflower stalk 42.18 29.30 30.73 [19]
Conclusion

Prosopsis juliflora seed powder is a economically feasible
and low cost adsorbent for the removal of Cd(II), Cu(Il) and
Zn(II) ions from aqueous solution. Cd(II), Cu(Il) and Zn(II)
adsorption onto Prosopsis juliflora seed powder shows high
association with Langmuir and Freundlich isotherm model.
Correlation coefficient values indicates the adsorption process

most fit to Langmuir model. The 1.0 mg of Prosopsis juliflora
can absorb 52.63, 43.47 and 35.71 mg/g of Cd(1I), Cu(Il) and
Zn(II) in a favourable condition. This study can conclude that
the Prosopsis juliflora seed powder is the favourable alternative
of Cd(II), Cu(Il) and Zn(II) removal from aqueous solution.
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