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ABSTRACT

Luffa acutangula peel (LAP) is a cheap material easily available in northern regions of India.
LAP in the raw (LAPR) form shows excellent adsorption efficiency towards Pb>* (98%). The
effect of various contact time, concentration, pH, and temperature was studied and it was
found that reaction is endothermic and spontaneous in nature. Maximum adsorption was
observed at 120 min at pH 6. Kinetic study was best obeyed by pseudo-second order. The
equilibrium data were best fitted by D-R isotherm. The functional and morphological
properties of adsorbents were characterized by FTIR, SEM, and EDX techniques.
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1. Introduction

In recent decades, earth’s population has grown
exponentially and demands for durable and non-
durable goods have followed the same trend, resulting
in industrial growth to meet human needs. As a result
of this industrialization, the environmental impact of
effluents containing toxic substances is becoming
increasingly apparent. Heavy metals are still being
used in various industries due to their technological
importance. Yet, imperfect treatment of waste prod-
ucts from these industries may lead to both human
health and environmental issues [1]. Considering the
harmful effects of heavy metals, it becomes then
necessary to remove them from liquid wastes at least
to the limit accepted by the regulations. Pb** ion is
one of the hazardous metals used in various industries
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like electroplating, mining and battery manufacturing,
etc. Lead, a dominant poisonous metal, is one of the
most hazardous elements to human health, even in
low concentrations [2]. It can damage nervous connec-
tions, and cause blood and brain disorders [3]. Lead
poisoning typically results from consuming contami-
nated food or water, but it can also occur after
accidental ingestion of contaminated soil, dust, or
lead-based paints [4]. Long-term exposure to lead or
its salts, especially soluble salts or the strong oxidant
PbO,, can cause nephropathy and colic-like abdominal
pains [5]. Therefore, it’s a long time that the extraction
and determination of lead ions in food samples has
been a subject of interest worldwide. Among various
purification technologies, biosorption has been consid-
ered as one of the most efficient and environmentally
friendly technology to remove heavy metals from
wastewater systems [6,7].
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In recent years, biosorbents have been considered
as the cheapest, most abundant, and environment-
friendly options and a vast number of literatures have
been devoted to the removal of heavy metals from
wastewater by using adsorption technique with differ-
ent low cost materials [7-9]. Most of the adsorption
studies use waste plant material such as xanthum
gum [10], cashew nut [11], walnut wood activated car-
bon [12], and iron powder activated carbon [13]
because they require simple technique, easy process-
ing, good adsorption capacity, free availability, and
easy regeneration.

Luffa acutangula or simply called ridged gourd or
Turai (in Hindi) is a cheap vegetable easily available
in India. This vegetable is a rich source of fat, carbo-
hydrate, potassium. This adsorbent is a novel adsor-
bent for the removal of Pb**. This adsorbent can
remove up to 98% of Pb>" from aqueous solution. In
this study, peels of L. acutangula were used in the raw
form for the removal of Pb**. The effect of various
parameters such as equilibrium time, pH, and tem-
perature was also studied. The characterization of the
adsorbent was also carried out to study the functional
and morphological properties of the adsorbent.

2. Materials and methods
2.1. Materials and instruments

All the chemicals were of analytical grade. Stock
solutions (1,000 mg L") of metal nitrate salts were
prepared in double distilled water.

The photomicrography of the exterior surface of
adsorbent was obtained by scanning electron micro-
scopy (JSM-6510LV). The functional groups were
characterized by FTIR model (Perkin Elmer, USA,
model spectrum-BX, range 4,000-400 cm™'). The ele-
mental characteristics were obtained by the EDX
model (JSM-6510LV). The adsorption characteristics
were determined by atomic absorption spectroscopy
(AAS) model (GBC-902, Australia). The pH was mea-
sured by pH meter (Elico L1 120, India).

2.2. Adsorbent preparation

The L. acutangula peel (LAP) was collected as a
waste from local market. It was washed with distilled
water and then converted into micro particles by
grinding them in a mechanical grinder followed by
sieving of mesh size 50-100. It was then, again washed
several times with double distilled water to remove
dirt, color, and impurities. Further, it was dried and
used for the adsorption studies.
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2.3. Batch adsorption experiments
2.3.1. Metal selectivity test

The selective nature of LAPR was studied for Pb*",
Cu®*, Ni** and Cd*". It follows as Pb** >Cu®*' >
NiZ* > Cd*".

2.3.2. Adsorption study

Adsorption studies were carried out in batch pro-
cess. Solutions of metals Pb** (50 mL) of desired con-
centrations (10-100 mg L™") were equilibrated with
0.1 g of adsorbent (LAPR) in 250-mL conical glass
flask. The mixtures were kept at room temperature for
24 h. After equilibration, the samples were filtered and
taken for AAS analysis. The samples were analyzed in
triplicates and adsorption capacity values at
equilibrium (g.) were calculated using the following
relationship:

(Co—Co)V
g = M
where g, is the adsorption capacity at equilibrium, C,
is the initial concentration of the adsorbate (mgL™")
and C, is the concentration of adsorbate at equilibrium
(mg LY, V is the volume of the solution (L) and W is
the mass of the adsorbent (g).

The influence of pH was studied in the pH range
2-8. The pH was adjusted using 0.5 M HCI and 0.5 M
NaOH. The batch experiment was carried out using
0.1 g of adsorbents and 50 mL of 50 mg L™ metal ion
solution. The effect of electrolyte on pH was also
studied.

2.3.3. Point of zero charge

Solid addition method [14] was used to determine
the zero surface charge characteristics (pH,) of LAPR
using 0.1 M KCI solution. The total volume of the
solution was adjusted exactly to 25 mL in a conical
flask by adding 0.1 M KCL. The initial pH (pH,) of the
solutions was adjusted between 2 and 10 by adding
0.5M HCI and 0.5 M NaOH solutions. The pH; of the
solutions was then accurately noted and 0.1g of
adsorbent was added to the series of different pH;
solutions and the suspension was allowed to equili-
brate for 24 h. The final pH (pHy) of the supernatant
liquid was noted. The difference between the initial
pH (pH;) and final pH (pHy) values (ApH = pH; — pHp)
was plotted against pH;. The point of intersection of
the resulting curve with the abscissa, at which
ApH =0, gave the pH,,. value.
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3. Results and discussions
3.1. Characterization of the LAPR

The SEM micrograph for LAPR before and after
adsorption is shown in Fig. 1(a) and (b). The SEM
micrograph shows the adsorbent is porous in nature.
After metal loading there is a distinct change in the
surface morphology. The FTIR spectra for the Pb**
adsorption before and after adsorption are shown in
Fig. 2. The peaks at 2,924.57 cm™' correspond to C-H
stretching vibrations of the methyl groups present on
the surface of the adsorbent [15]. The peak at
1,642.57 cm™! corresponds to C=C bonds. The peaks at
1,032.35 cm™ ! correspond to lignin structure. The shift
from 1,427.60 to 1,425.36 cm ™' corresponds to the pres-
ence of carbonate groups and adsorption of Pb** ions
onto L. acutangula. The peaks at 3,410 cm ™" correspond
to the presence of carboxylic groups. The peaks at
668.42 cm™ ! correspond to -C-H bonds. Among the

SEI 10KV
USIF, AMU" |
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USIF; AMU >, Ll

Fig. 1. SEM micrograph of LAPR (a) before adsorption and
(b) after adsorption of Pb** ion.
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functional groups, hydroxyl, amines and carboxyl
group bind heavy metal ion with the adsorbent [16].
The results of EDX before and after adsorption show
the presence of elements with weight % composition
in LAPR as carbon (57.47%), oxygen (42.53%), and
lead (0.39%) as shown in Fig. 3(a) and (b).

3.2. Effect of operating parameters

The contact time for the adsorbents (LAPR) was
studied in the range of 5-180 min at 25°C for 10, 50,
and 100 mg L™" as shown in Fig. 4. It was found that
maximum adsorption was attained in 120 min for Pb**
ion. The rapid uptake of metal ion on the adsorbent
may indicate that most of the reaction sites of the
adsorbent were exposed for interaction with metal
ion. Furthermore, the presence of hydroxyl group in
adsorbent forms a complex between metal ion and
adsorbent surface causing faster adsorption.

The pH plays an important role in the adsorption
of metal ions. The effect of pH for LAPR on Pb** is
shown in Fig. 5. The maximum adsorption for the
LAPR is obtained at pH 6. After pH 6, the solution
tends to precipitate due to formation of hydroxide ion
[17-19]. At lower pH values, H;O" ions compete with
metal ions for exchange and therefore the Pb** ion
uptake decreased at lower pH. The competitive
adsorption occurred between H™ protons and free
metal ions and their hydroxide fixation sites [20]. The
point of zero charge for LAPR was observed at pH 5.0
which is lower than the equilibrium pH of the Pb**
ion which shows adsorbent surface is positively
charged due to protonation as shown in Fig. 6.

3.3. Adsorption kinetics

In order to examine the controlling mechanism of
adsorption process such as mass transfer and chemical
reaction, pseudo-first order, pseudo-second order,
intraparticle diffusion and Elovich equation were used
to test the experimental data.

The pseudo-first-order reaction equation of
Lagergren [21] was widely used for the adsorption of
liquid/solid system on the basis of solid capacity. The
linearized form of equation is as follows:

kit

2.303 @

log(ge — g¢) = log ge —

where g, is the adsorption capacity at equilibrium
(mgg "), g is the adsorption capacity at time ¢t
(mg g™!), and k; is the rate constant (min ). k; and R*
of Pb*" under different concentrations were calculated
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Fig. 2. FTIR spectra of LAPR for the Pb** adsorption (a) before adsorption and (b) after adsorption.

from the linear plot of log(g. — q¢) vs. f as shown in
Fig. 7 and Table 1. The calculated values of g, do not
match with the experimental values of g, and R?
values are also low; so, it does not follow pseudo-
first-order kinetics.

Pseudo-second-order rate equation was expressed as:

to1 , ot
LA 3)
q kzq e

where k, is the pseudo-second-order rate constant
(g mg min~"). Plots of t/q, vs. t for all experimental
concentrations gave a straight line as shown in Fig. 8
and the values of g. and k, were calculated from the
slope and intercept, respectively. The value of g.
calculated was found to be close to g. experimental, g
(exp)- The values of correlation coefficient (R®) were
also found to be very close to 1, therefore it can be
concluded that pseudo-second-order model was best
fitted with the experimental data.

The intraparticle diffusion model [22] was expressed
as:
qf = Kidtl/z + C (4)

where Kig (mg g ' min '/?) is the intraparticle diffu-
sion constant and g; is the adsorption capacity at time

t (mg gfl). The value of K4, C, and R? were calculated
from the slope of plot g; vs. t'/? as shown in Fig. 9
and given in Table 1. The value of intercept gives an
idea about the boundary layer thickness i.e. larger the
intercept; greater is the boundary layer effect. It is
seen from Table 1, the value of intercept is not zero
but high and it increases with increase in concentra-
tion of the metal ion as compared to mass film control
diffusion. This result implies that boundary layer
diffusion is the rate controlling step.
The Elovich equation is expressed as follows:

g=A+BInt ®)

where A nd B are the constants as shown in Table 1.
The Elovich equation is used to describe the sorption
system if it is chemisorption [23]. The R* values are
low and therefore it does not follow this model.

3.4. Adsorption isotherms

Adsorption isotherms are important parameters to
study the interaction of molecules or ions with the
adsorbent sites and the degree of accumulation. In this
study, various isotherm models were studied like
Langmuir, Freundlich, Temkin, D-R (Dubinin—
Radushkevich) isotherm, and Halsey isotherm for the
Pb** ion.
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Fig. 4. Effect of contact time for the adsorption of Pb** ion
on LAPR.
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Fig. 5. Effect of pH for the adsorption of Pb%** ion on

LAPR.
Fig. 3. EDX graph of LAPR (a) before adsorption and (b)
after adsorption of Pb** ion.
Langmuir isotherm model is given as:
2 -
1 1 11 ]
N ©6) !
e bGIm Jm Ce 0
12
Freundlich isotherm model is given as: e
T
S |
1
log g = log K¢ + . log C. 7) 3
4
Temkin isotherm model is given as: .

9e =By In Ky + By In C ®) Fig. 6. Point of zero charge of the adsorbent (LAPR).
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Fig. 7. Pseudo-first-order for the adsorption of Pb** ion on
LAPR.

Table 1
Kinetic parameters for the adsorption of Pb*" ion onto
LAPR

S.no. Parameters 10 mg L' 50 mg L' 100 mg L
(1 Pseudo-first-order

Qe(can 1.07 2.67 7.81

Qetexp) 4.7 21 36.5

R? 0.933 0.974 0.9854

kq 0.149 0.1084 0.1773
2) Pseudo-second-order

Qe(can 4.7 21 36.5

Qe(exp) 4.7 21 36.5

R? 1 1 1

ky 239x1072 329x10* 16.33x107*
(©)] Intraparticle diffusion

K; 0.142 0.469 0.911

C 3.96 18.52 31.89

R? 0.922 0.973 0.872
4) Elovich equation

A 4.1069 18.962 32.883

B 0.1433 0.4884 0.8853

R? 0.7809 0.8256 0.737

Dubinin—-Radushkevich isotherm model is given as:

Ing.=1Ing,—p& 9

Halsey isotherm model is given as:

o2 G

(10)
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Fig. 8. Pseudo-second-order for the adsorption of Pb** ion
on LAPR.
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Fig. 9. Intraparticle diffusion for the adsorption of Pb** ion
on LAPR.

The Langmuir adsorption isotherm model was applied
for the determination of maximum adsorption capac-
ity corresponding to complete monolayer coverage
onto the adsorption surface of a finite number of the
identical sites. The Freundlich isotherm is based on an
empirical equation where the adsorption took place on
the heterogeneous surface of the adsorbent.

The Freundlich isotherm constants n and Kp are
empirical parameters that vary with the degree of
heterogeneity and are related to adsorption capacity.
The values of n should lie between 1 and 10 for the
favorable adsorption process. Halsey isotherm model
was used to explain the multilayer adsorption system
for Pb*" ions. Temkin isotherm model was applied to
evaluate the adsorption potentials of adsorbents
for adsorbates, i.e. Pb%* ions from aqueous solution.
Harkins—Jura isotherm model suggested the multilayer
adsorption as well as heterogeneous pore distribution
in the adsorbents surface [19]. All the isotherm
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parameters along with correlation coefficient (R?) are
shown in Table 2. The plots of various isotherms for
LAPR are shown in Figs. 10-13. The sorption energy
was calculated using Dubinin—Radushkevich isotherm
[24] to predict the nature of adsorption process i.e.
physical or chemical.

The value obtained from the plots predicts that
LAPR is best followed by D-R isotherm as shown in
Table 2. The higher regression coefficient value and
high value of g, show that LAPR was best fitted by
D-R Isotherm. The value of apparent energy also
shows the process is physiosorption and its heteroge-
neous nature shows that the adsorbent was best fitted
by Dubinin—-Radushkevich (D-R) isotherm [25].

3.5. Thermodynamic studies

The thermodynamic factors were studied in the
temperature range of 303-323 K. The thermodynamic
parameters such as enthalpy change (AH®), entropy
change (AS®) and Gibbs free energy change (AG®) were
estimated using the following equation [26]:

R. Ahmad and S. Haseeb | Desalination and Water Treatment 57 (2016) 17826-17835
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Fig. 10. Langmuir isotherm for the adsorption of Pb** ion

on LAPR.

where K. is the equilibrium constant, C, the solid
phase concentration at equilibrium (mgL™), C. is the

C e .. ) Z
K. = C_q (11)  equilibrium concentration in solution (mg L .
(4

Table 2

Adsorption isotherm of LAPR for Pb** ion

S. no. Parameters 30°C 40°C 50°C

(1) Langmuir isotherm
Om 47.39 16.80 26.38
b 10.001 3.941 2.203
R? 0.961 0.931 0.730

2) Freundlich isotherm
Kg 17.87 19.97 17.33
1/n 0.401 0.241 0.376
R? 0.981 0.600 0.766

3) Temkin isotherm
By 9.459 6.003 9.111
Kt 8.239 39.60 7.96
R? 0.962 0.962 0.864

) D-R isotherm
B 0.1832 0.1688 0.1788
Om 48.09 50.97 49.34
R? 0.949 0.909 0.929
E 1.652 1.72 1.67

®) Halsey isotherm
1/nx 0.4087 0.3815 0.3777
Ku 0.111 x 1072 0.116 x 1072 0.188 x 1072
R? 0.984 0.834 0.781
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Fig. 11. Freundlich isotherm for the adsorption of Pb%* ion

on LAPR.

Fig. 12. Temkin isotherm for the adsorption of Pb%* ion on

LAPR.

Table 3

Thermodynamic parameters for the adsorption of Pb** ion
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Fig. 13. D-R isotherm for the adsorption of Pb*" ion on
LAPR.
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Fig. 14. Plot of log K. vs. 1/T for the adsorption of Pb**
ion.

Temp. (K) 1/T In K. log K. AG° (Kl mol 'K ™) AH® (k] mol 'K AS° (k] mol ™) R?

303 0.0033 3.23 1.40 -8.13 17.23 0.083 0.871
313 0.0031 3.47 1.50 —9.02
323 0.003 3.89 1.69 -10.4

AG® = _RT In K 5 shown in Fig. 14 and presented in Table 3. The

G =- B (12 alues of AG® are negative confirming the adsorption

of Pb** ion onto LAPR is spontaneous and thermo-

AS° AH° dynamically favorable at high temperature. The posi-

log K. = (13)  tive value of AH® and AS° indicate the endothermic

T 2303R  2.303RT

AH® and AS° were determined by Van't Hoff equation.
The values of AH® and AS° were obtained from
the slope and the intercept of the plot log K. vs. 1/T

nature and the randomness at solid/liquid solution
interface during the adsorption of Pb** ion on LAPR,
respectively.
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Table 4

Comparison of the uptake capacities for copper(Il) ions of various adsorbents

Adsorbent Qmax (Mg gfl) Refs.
Commercial activated carbon 5.90 [27]
Almond shell 8.08 [28]
Kaolinite 7.75 [29]
Chitosan immobilized on bentonite 15.00 [30]
Cocoa pod husk 20.10 [31]
Barley straws 23.20 [32]
Mushrooms 27.10 [33]
Olive tree pruning waste 27.40 [34]
Hazelnut shell 28.20 [28]

Luffa acutangula peels

47.39 [Present study]

3.6. Comparative study of the adsorbent

In order to evaluate the feasibility of the adsorbent
and to compare the adsorption capacity with other
non-conventional adsorbents, a comparative study is
presented in Table 4. It is evident from the table that
LAPR has got the highest monolayer adsorption
capacity (47.39 mg g~') among all the adsorbents.

4. Conclusions

In this work, L. acutangula peels (LAPR) have been
proved to be a very good adsorbent for Pb** removal
with a maximum adsorption of 98%. The maximum
adsorption capacity of 24 mg g~' is observed at opti-
mum conditions of 120 min equilibrium time, pH 6.0,
and temperature 25°C. The equilibrium data are best
followed by pseudo-second-order kinetic model. The
higher regression coefficient values show that LAPR is
best fitted by D-R (Dubinin—-Radushkevich) isotherm
showing the heterogeneous and physiosorption pro-
cess. The positive value of AH® and AS® indicate the
adsorption process on LAPR is endothermic and
spontaneous in nature with randomness at solid-liquid
solution interface. The present adsorbent exhibits a
maximum adsorption capacity among all the adsor-
bents and therefore the material can be utilized for the
removal of Pb** from wastewater economically.
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