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INTRODUCTION

Accessibility of hygienic and clean water is crucial to human
health, sustainable economy and healthy environment. Environ-
ment pollution has always been a concern for society, especially
water pollution. Pollution from heavy metals has grown to be
a significant issue in the current scenario [1]. Most of the indus-
tries like pharmaceutical, fertilizers, metallurgy, smelting,
aerospace, corrosion, photography, mining, electroplating,
agricultural pesticides, surface finishing, iron, steel and fuel
production discharge heavy metal ions either directly or indir-
ectly into the water resources. Heavy metals like Cd(II), As(III),
Ni(II), Zn(II), Pb(II), Cr(VI), Co(II), Hg(II), Cu(II) are highly
toxic due to their persistence in the water [2]. WHO established
the permissible concentration for heavy metal ions in water
are 1.0-1.3 mg/L for Cd(II), 0.005-0.015 mg/L for Pb(II), 0.05-
0.25 mg/L for Cr(III), 0.002 mg/L for Hg(II) and 5 mg/L for
Zn(II) and beyond these limits, heavy metal ions are carcino-
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genic and mutagenic. However, due to unregulated release of
all of these contaminants in the water, values of concentration
of Cd(II), Ni(II) and Pb(II) up to 0.01 mg/L, 0.20 mg/L and
0.006 mg/L were detected in different effluents [3]. These are
directly affecting the ecosystem living even at extremely low
concentration. Disposal of metal ions from wastewater are very
necessary and proper treatment of these contaminants is major
environmental concern.

The removal of toxic heavy metals from wastewater is of
primary importance for health and environment. There are
numbers of methods that are accessible for removal of heavy
metals from polluted water. The conventional methods such as
chemical precipitation, reverse osmosis, ion-exchange, nano-
filtration, coagulation, ultrafiltration and flocculation have
many limitations such as sensitive operating conditions, forma-
tion of sludge, which is costly to dispose and less effective at
very low concentrations [4]. Compared to the previously descr-
ibed approaches, the use of biosorbent has increased in the
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past several decades due to its high efficiency, simplicity, afford-
ability and environmental friendliness [5].

Plant-based adsorbents of various types have recently been
utilized to remove Pb(II), Cr(VI), Co(II), Ni(II) and Cd(II) from
aqueous solutions. Several plants have been used as biosorbents
in previous studies for remediation of heavy metals, including
Prosopis juliflora [6], Dicerocaryumerio carpum [7], Strychnos
potatorum L. [8], Glebionis coronaria L. and Diplotaxis harra
[9], Cassia fistula [10] and Pinus eldarica [11]. The plant bio-
mass is highly effective in eliminating metals ions due to its
biochemical structure containing amino (-NH2), acidic (-COOH)
carboxyl (-C=O) and hydroxyl (-OH) functional groups, which
participate during the adsorption process [12].

This study focussed on the biosorption of heavy metal ions
such as Pb(II), Cd(II), Cr(VI) using Aegle marmelos leaves as
a biosorbent from the synthetic wastewater. This plant has a
great deal of attention in the science field because of its remark-
able medical benefits and environmental uses. A. marmelos plant
is native to the Indian subcontinent and this plant is now grown
all over the world because it can thrive in arid, tropical and
semi-tropical climates. Each of the parts of A. marmelos (Bael)
such as its leaves, seeds, flowers and fruits are having vast groups
of chemical compounds which are responsible for its distinctive
characteristics. Polar groups including -NH2, -COOH and -OH
are present which are creating negative charge on A. marmelos
biosorbent surface [13]. The surface structure of the leaf remains
stable even after prolonged agitation treatment, which makes
it an effective adsorbent. The present investigation is carried
out to study the effectiveness of A. marmelos (Bael) leaves
powder in biosorption of Cd(II), Cr(VI)and Pb(II) from the
synthetic wastewater under batch studies using the adsorption
isotherms.

EXPERIMENTAL

Biosorbents: Aegle marmelos leaves were collected from
the Botanical garden, C.C.S. Haryana Agricultural University,
Hisar, India. Leaves were first cleaned with tap water and then
with double distilled water to eliminate dirt. After being cleaned,
they were then under shade dried for 15 days then dried for 24 h
at 100 ºC in an oven. The dried leaves were ground into powd-
ered form and sieved through 80 BSS stainless steel sieve. The
powdered form was stored in a tightly sealed container for used
in the later experiments as biosorbent.

Preparation of heavy metal ions solution: For the experi-
ment, the stock solution of concentration 1000 mg/L of Pb2+,
Cd2+ and Cr6+ metal ions were prepared by dissolving 1.598 g
of Pb(NO3)2, 2.744 g of Cd(NO3)2·4H2O and 2.7476 g of K2Cr2O7

in 1 L of distilled water. All these chemicals were procured
from Hi-media Laboratories Pvt. Ltd. The water samples for
all experiments were prepared by diluting the stock solution
to 20, 30, 40, 50, 60, 70 and 80 mg/L.

Characterization: The functionality of biosorbent was
determined using Fourier Transform Infrared spectroscopy
(Nicolet 50) in the range of 4000-400 cm–1 through standard
KBr method. For N2 adsorption/desorption analysis of biosor-
bent, degassed for 24 h at 130 ºC, (Quantachrome IQ-XR-XR,
2Stat.) using BET (Brunauer-Emmett-Teller) analysis. BET

equation was used to calculate surface area, the BJH model
was employed to determine the total pore volume and the DFT
model was used to determine the average pore size [14]. The
surface morphology was studied by field emission scanning
electron microscopy (JSM-761FPlus) technique using a Quanta
200F microscope with an accelerating voltage of 20 kV for
analysis and biosorbent sample was coated with gold (Au) at
argon pressure of 10–2 mbar for 60 s in order to create a condu-
ctive layer on surface. Energy-dispersive X-ray spectroscopy
(EDX) was used to observe the elements present in biosorbent
before and after the adsorption [15].

Adsorption experiments: The batch experiments were
conducted for biosorption of Cd(II), Cr(VI) and Pb(II) on bio-
sorbent. In this study, the biosorption efficiency of biosorbent
towards the heavy metal ions was examined by varying the
different parameters, involving pH, initial concentration of
metal ions, contact time and biosorbent dosage. To optimize
pH, 20 mL solutions containing 20 ppm metal ions at different
pH values  (2, 3, 4, 5, 6, 7, 8 and 9) were prepared. Different
amount of biosorbents, 0.01 g, 0.02 g, 0.04 g, 0.06 g, 0.08g,
0.1g and 0.2g were taken for optimization of biosorbent dose.
To optimize the initial concentration, metal solutions were prep-
ared at different concentrations (20, 30, 40, 50, 60, 70 and 80
ppm) and then allowed to interact for various time intervals of
30, 60, 90, 120, 150, 180 and 210 min, to optimize the initial
concentration of metal ions and contact time. Then the mixtures
were agitated in a rotary shaker set at 200 rpm at 30 °C. After
each adsorption experiment was completed, the samples were
separated into liquid and solid part by centrifugation at 4000-
5000 rpm for 10-15 min. The flame atomic absorption spectro-
scopy (FAAS) technique (Thermo-Scientific) was used to calcu-
late the concentrations Ce (mg/L) of Pb2+, Cr6+ and Cd2+ ions in
solution. In FAAS, acetylene gas was used as fuel to produce
flame. The maximum absorbance at a wavelength was set accor-
ding to the metal ions were detected and 228.8 nm, 216.9 nm
and 357.9 nm for Cd2+, Pb2+ and Cr6+ respectively. The quantity
of metallic ions adsorbed per gram of adsorbent at equilibrium
can be determined by eqn. 1:

i f
e

(C C )V
q

m

−= (1)

where, qe is maximum adsorption capacity at equilibrium (mg/g)
by biosorbent, Cf (mg/L) represents the metal ions concentra-
tion at equilibrium time t (min), Ci (mg/L) represents the initial
metal ions concentration, V is the volume of the metal ions
solution in litre and m is the mass of biosorbent (g).

The experimental data for Cd2+, Cr6+ and Pb2+ metal ions
biosorption and heterogeneity or homogeneity of biosorbent
was revealed by the Langmuir and Freundlich adsorption
isotherm models. Linear and non-linear equations of Langmuir
isotherm are represented by eqns. 2 and 3:
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whereas the linear and nonlinear forms of Freundlich
adsorption isotherm are represented in eqns. 4 and 5:

e f e

1
logq logK logC

n
= + (4)

1/n
e f eq K (C )= × (5)

where Ce is the Langmuir constant (L/mg or M–1), n is the hetero-
geneity factor; qe is the adsorptive capacity at equilibrium; Kf

is the Freundlich constant related to adsorption capacity (mg/
g·(mg/L) n).

The descriptive adsorption process was also studied by
using the pseudo-first-order and pseudo-second-order (linear
and nonlinear) models. The following eqns. 6 and 7, describe
these models, respectively:

1K t
t eq q (1 e )−= − (6)
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where K1 and K2 are the pseudo-first-order and pseudo-second-
order constant [16].

RESULTS AND DISCUSSION

FTIR studies: The FTIR spectra of A. marmelos biosorbent
before and after metal biosorption show the negligible differ-
ence in peak intensity and position as shown in Fig. 1. The broad
peak at 3450-3300 cm–1 corresponds to the -OH stretching and
is probably related to the presence of cellulosic groups, lignin
and carbohydrates present in biosorbent. The peak appearing
at 2950-2800 cm–1 is probably due to the presence of asym-
metric and symmetric stretching of C–H bonds, which indicates
the presence of lipid content [17]. The C=O stretching peak is
present at 1650-1600 cm–1, whereas the peaks at 1450-1400
cm–1 and 1250 cm–1 can be attributed to the highly asymmetric
-COO and -CH3 groups (due to proteins). Furthermore, the
peaks at 890.3 cm–1, 1050-1000 cm–1 and 766.63 cm–1 can be
attributed to the asymmetric stretching of C-C, the C=O bond
of the carboxylic acid group and the strong bending vibration
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Fig. 1. FTIR spectra of raw biosorbent and Cd2+, Cr6+, Pb2+ loaded biosorbent

of the alkyne [18]. After biosorption, peak was observed at
500-450 cm–1 due to metal ions present in biosorbent. It was
observed that there was no substantial change in the band shift
after adsorption of metal ions, suggesting that the possibility
of complex formation with metal ions unlikely to take place.
As a result, the ion exchange between the functional groups
on the surface of the biosorbents and the metal ions may take
place [4].

FESEM and EDX: The SEM images of biosorbent after
and before sorption are shown in Fig. 2. Before sorption, the
biosorbent had non-uniform and porous surface, which was
shown to have a large number of voids on the biosorbent surface.
After adsorption, heterogeneity of the surface reduced and the
adsorption of some ions were revealed on the biosorbent surface
[19].

BET analysis: BET equation was used to find out surface
area, the BJH model was employed to determine the total pore
volume and pore size and DFT model was used to determine
the average pore size. N2 adsorption-desorption isotherm and
distribution of pore sizes for biosorbent presented in Fig. 3.
BET surface area (m2/g), pore volume and pore diameter of
biosorbent were found to be 6.97 m 2 g–1, 0.004 cm 3 g–1 and
0.004 Å, respectively, similar results were observed in previous
research work [20]. Based on the IUPAC classification, the N2

adsorption/desorption isotherm of biosorbent exhibits a type
IV isotherm and H3 hysteresis [21].

Batch studies

Effect of pH: The initial pH value of metal ion solution
has a significant influence on the biosorption of metal ions on
the binding sites of biosorbent surface. The biosorption removal
efficiency of Cd(II), Cr(VI) and Pb(II) at 20 mg/L initial metal
ion concentration, using 0.02 g/20 mL solution and varying
the pH in the range 2 to 9. The contact time was kept constant
at 60 min. It was revealed that the removal of chromium metal
ions was most effective at a pH of 3. This is because, at low pH,
the functional groups on the biosorbent surface became proto-
nated. The metal ions Cr(VI) carries a high negative charge
density due to the presence of oxy ions Cr2O7

2– and CrO4
2– in

solution, resulting in a strong electrostatic interaction between
the positively charged surface of the biosorbents and the oxy-
anions or Cr(VI). However, as the pH increased, this interaction
decreased due to the presence of negative charges on the biosor-
bent surface and the increased presence of highly negatively
charged OH− ions. At high pH levels, there was competition
between oxy ions and hydroxide ions for the adsorption sites,
resulting in decreased removal efficiency after pH 3. The effici-
ency of removing Pb(II) and Cd(II) metal ions was found to
increase up to pH 6 and then decline. This is because at low
pH levels, there are excess H+ ions in the solution, leading to
greater competition between metal ions and H+ ions for active
sites. As the pH of solution increases, the surface of biosorbent
becomes negatively charged, resulting in increased attraction
of metal ions and H+ ions. However, beyond the optimum
condition, further increase in the pH of solution led to decre-
ased removal efficiency due to the formation of precipitation
of Pb(II) and Cd(II) as Pb(OH)2 and Cd(OH)2 in the solution.
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Fig. 2. FE-SEM micrograph of biosorbent (a) Raw, (b) Cd, (c) Cr and (d) Pb loaded biosorbent
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The removal efficiency for Cr(VI) at pH 3 was 39% and for
Pb(II) and Cd(II) were 44% and 33%, respectively as shown
in Fig. 4. The optimal pH value for biosorption of Cr(VI) at 3
and 6 for Cd(II) and Pb(II) was observed. Similar results were
also observed for Cr(VI), Cd(II), Zn(II), Cu(II) and Pb(II) from
aqueous solutions using Allium cepa seeds as biosorbent [22].
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Effect of dose: The removal efficiency of heavy metal ions
from wastewater also depend on the biosorbent dose. The effect
of the biosorbent dose was studied at 0.02-0.2 g at optimum
pH 6 for Pb(II) and Cd(II) and at optimum pH 3 for Cr(VI),
with initial metal ion concentration 20 mg/L and contact time
60 min. A prominent increase in biosorption efficiency of metal
ions with increase in the biosorbent dose due to the availability
of more surface area and active sites for the biosorption of heavy
metal ions. As shown in Fig. 5, the efficiency of removing
Cr(VI), Cd(II) and Pb(II) ions increases up to a dosage of 0.06 g.
Beyond this dosage, there was no significant change in the
sorption efficiency due to the aggregation of biosorbent particles
and a decrease in active sites on the biosorbent surface. It was
observed that Pb(II) showed the high adsorption capacity com-

55

50

45

40

35

30

R
em

ov
al

 e
ffi

ci
en

cy
 (

%
)

Pb(II)
Cr(VI)
Cd(II)

0  0.04 0.08 0.12 0.16 0.20
Dose (g)

Fig. 5. Graph between biosorbent dose vs. removal efficiency (%)

pared to the Cd(II) and Cr(VI) when utilizing an equal amount
of adsorbent because Pb(II) metal ion have higher ionic radius
than Cd(II) and Cr(VI) and the smaller hydrated radius as
compared to the Cd(II) and Cr(VI) metal ions in the aqueous
solution. So, the removal efficiency and adsorption capacity
exhibited by biosorbent for Pb(II) over Cd(II).

Effect of metal ions concentration: The impact of varying
initial metal ion concentrations (20-80 mg/L) on the efficiency
of biosorption of biosorbent at optimized biosorbent dosage
and pH. It was observed that the biosorption efficiency for
Cr(VI), Pb(II) and Cd(II) increases up to 52%, 70% and 62.5%
respectively, as the initial concentration of the metal ions rises
and beyond the metal concentration 40 mg/L, the biosorption
efficiency tends to decrease (Fig. 6). These patterns are possibly
from the concept that large proportion of active sites to the all
metal ions present in solution, an increased probability of inter-
action between metal ions and the biosorbent leads to greater
biosorption. This leads to maximum adsorption on the surface
of biosorbent. However, at higher metal ion concentration, the
binding sites of the biosorbent will rapidly reach saturation
due to the constant amount of biosorbent available. The pH of
solution get decrease, when active sites of the biosorbents satu-
rated by ions of heavy metal. This suggest that during the binding
process, the H+ releases into the solution and the pH of solution
gets decrease, removal efficiency of the metal ions decrease.
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Effect of contact time: The removal efficiency of Cd2+,
Cr6+ and Pb2+ metal ions at different contact time (30, 60, 90,
120, 150, 180, 210 min) at 30 ºC was studied. It was observed
that there is a gradual increase in the removal effficiency as
time was increased up to 120 min and then attained equili-
brium. On further increasing the contact time, there was no
discernible change in the percentage removal efficiency as
shown in Fig. 7. Initially, there are availability of unoccupied
sites on biosorbent surface. After that equilibrium was reached,
due to the biosorbent surface’s open sites gradually being
exhausted [23]. Removal efficiency of biosorbent for Pb2+, Cr6+

and Cd2+ ions were found 75.8%, 58.8% and 70%, respectively.
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Adsorption studies: Based on the equilibrium data,
Freundlich’s and Langmuir models were utilized to determine
whether the heavy metal ions adsorbed in the monolayer or
multilayer form on the biosorbent surface. Isotherm refers to
the relationship between equilibrium metal ions concentration
in solution and equilibrium amount of metal ions on the adsor-
bent at certain temperature. The regression coefficients (R2)
was used to select the best adsorption isotherm. The data fit
well with the Langmuir model, with regression coefficients
(R2) of 0.93, 0.92 and 0.95 for Cd(II), Cr(VI) and Pb(II), respec-
tively and the maximum monolayer adsorption capacities (qmax)
for Cd(II), Cr(VI) and Pb(II) were found to be 21.5,18.2 and
29.75 mg/g, respectively (Table-1), which were higher than the
Freundlich adsorption isotherm. These results were confirmed
that biosorption follow the Langmuir isotherm and has mono-
layer adsorption on the homogenous surface of biosorbents,
which have finite numbers of active sites [24].

Kinetics studies: The effect of contact time of Pb(II), Cr(VI)
and Cd(II) onto was investigated at different temperature i.e.
303 K, 313 K and 323 K.

TABLE-1 
LINEAR AND NON-LINEAR PARAMETERS FOR  

FREUNDLICH AND LANGMUIR ISOTHERM 

Isotherm 
models 

Parameter Cd(II) Cr(VI) Pb(II) 

N 1.58 1.66 1.11 
KF (mg/g)(L/mg)1/n 0.97 1.04 0.56 

Freundlich 
(non-linear) 

R2 0.85 0.91 0.89 
N 1.72 1.56 0.92 

KF (mg/g)(L/mg)1/n 0.025 0.083 0.030 
Freundlich 

(linear) 
R2 0.85 0.83 0.84 

qm (mg/g) 21.5 18.2 29.75 
KL (L/mg) 0.023 0.026 0.05 

Langmuir 
(non-linear) 

R2 0.93 0.93 0.95 
qm (mg/g) 18.5 17.2 32.55 
KL (L/mg) 0.022 0.026 0.041 

Langmuir 
(linear) 

R2 0.87 0.84 0.80 

 
In order to understand the kinetic behaviour of metal ion

adsorption onto biosorbents, the pseudo first-order (PFO) and
pseudo-second-order (PSO) models were attempted. As the
temperature increased from 303 K to 323 K, the removal effici-
ency and adsorption capacity also increased, which suggests
that the adsorption process is endothermic. Similarly, others
have also reported the endothermic nature of the adsorbent.
The experimental data indicates that as the temperature incre-
ased, the number of active sites on the biosorbent also increased,
while the bounding layer surrounding the biosorbent decreased.
From the experimental data, the regression coefficient value
in pseudo-second order were close to unity in all cases and
maximum uptake of metal ions by adsorbent. It was observed
that experimental equilibrium data best fitted into the pseudo-
second-order kinetics for all three metal ions Pb(II), Cr(VI)
and Cd(II) and demonstrated evidence of chemisorption [25].
The regression coefficient (R2) and rate constant in linear and
nonlinear pseudo first and second orders for Cd(II), Cr(VI)
and Pb(II) are shown in Table-2.

Based on the values of maximum adsorption capacity
obtained, the Langmuir model proposed the following order:
Pb(II) > Cd(II) > Cr(VI). Removal efficiency of biosorbent
for Pb2+, Cr6+ and Cd2+ ions were found 76%, 58.8% and 70%,

TABLE-2 
LINEAR AND NON-LINEAR PARAMETERS KINETIC MODELS FOR THE BIOSORPTION OF  

Pb(II), Cd(II) AND Cr(VI) METAL IONS ON DIFFERENT TEMPERATURE 

Pb(II) Cd(II) Cr(VI) Kinetics 
models 

Parameter 
303 K 313 K 323 K 303 K 313 K 323 K 303 K 313 K 323 K 

qe,cal (mg/g) 8.695 9.866 11.121 8.81 8.95 9.11 6.71 7.31 7.40 
K1 (min–1) 0.0277 0.0305 0.0326 0.017 0.018 0.019 0.052 0.05 0.05 

PFO  
(non-linear) 

R2 0.98 0.94 0.98 0.98 0.98 0.98 0.92 0.85 0.86 
qe,cal (mg/g) 6.062 7.731 5.316 1.937 2.564 2.409 1.94 2.56 2.41 
K1 (min–1) 0.0175 0.0241 0.0155 0.0135 0.0087 0.0094 0.014 0.008 0.009 

PFO 
(linear) 

R2 0.98 0.95 0.93 0.9390 0.9245 0.9449 0.94 0.93 0.95 
qe,cal (mg/g) 10.133 11.277 12.656 11.0 11.25 11.56 7.19 8.00 8.16 
K2 (g/mg min–1) 0.0035 0.00374 0.00365 0.0016 0.0015 0.0013 0.01434 0.0097 0.01 

PSO  
(non-linear) 

R2 0.9877 0.9545 0.9856 0.97 0.98 0.99 0.98 0.98 0.99 
qe,cal (mg/g) 10.046 11.087 12.387 7.181 8.000 8.056 7.1 8.01 8.1 
K2 (g/mg min–1) 0.0036 0.0041 0.0041 0.0145 0.0094 0.0102 0.0146 0.0095 0.01 

PSO 
(linear) 

R2 0.9995 0.9978 0.9967 0.9996 0.9997 0.9999 0.99 0.99 0.99 
PFO = pseudo first-order; PSO = pseudo-second-order 
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respectively at equilibrium time 120 min. Adsorption model
isotherm Langmuir non-linear isotherm was best fitted with
R2 value 0.93, 0.92 and 0.95 for Cd2+, Cr6+ and Pb2+ ions,
respectively. The result is consistent with the finding reported
for the removal of metal ions from water using different bio-
mass adsorbents [25].

Thermodynamic studies: Temperature significantly impacts
the adsorption of metal ions on bael leaves biosorbent. The free
energy change (∆Gº), entropy change (∆Sº) and entropy change
(∆Hº) were calculated to investigate the effect of temperature
on the adsorption of heavy metal ions on the modified biosor-
bent. The equilibrium constant (Kc) calculated by following
eqn. 8:

e
c

e

q
K

C
= (8)

where qe = adsorption capacity (mg/g) at equilibrium and Ce =
concentration (mg/L) at equilibrium.

The thermodynamics parameters were calculated by using
following van’t Hoff’s equation (eqn. 9):

c

S H
lnK

R RT

∆ ° ∆ °= − (9)

and

G H T S∆ ° = ∆ ° − ∆ ° (10)
where ∆Gº = Gibb’s free energy change, T = temperature, ∆Hº
= change in enthalpy and ∆Sº = change in entropy in adsorption
process.

In Table-3, specifically, the value of ∆Gº increased as the
temperature increased from 303 K to 323 K for the adsorption
of Cd2+, Cr6+ and Pb2+ ions, which showed that adsorption process
was more favourable at high temperature and the negative
values of ∆Gº for the adsorption of all the metal ions indicate
that the adsorption process was feasible and spontaneous. The
positive values of ∆Hº and ∆Sº were reported for the all the
metal ions for the bael leaves. The adsorption process was found
to be spontaneous, feasible and endothermic. The positive value
of the entropy was showed that better affinity of the metal ions
on the surface of adsorbent [26].

The biosorbent showed higher removal efficiency for Pb2+

than Cd2+ and Cr6+. This is due to the fact that Pb2+ has a smaller
hydrated radius (0.401 nm) than Cr6+, which has a higher hydra-

tion radius. Smaller metal ions have higher hydration energy,
hence, the removal efficiency of Cr6+ is less than Pb2+ and Cd2+

[12].

Conclusion

In this study, the removal efficiency of Cd2+, Cr6+, Pb2+ heavy
metals ions was examined by using Aegle marmelos leaves as
biosorbent. The biosorption capacity of all the metal ions
depends on various factors such as pH, metal concentration,
contact time and biosorbent dose. Removal efficiency of bio-
sorbent for Pb(II), Cd(II) and Cr(IV), metal ions were found
76%, 70% and 58.8%, respectively at equilibrium time 120
min. Langmuir isotherm was best fitted with R2 value 0.93,
0.92 and 0.95 and the maximum adsorption capacity was 29.75
mg/g, 21.5 mg/g and 18.2 mg/g for Pb(II), Cd(II) and Cr(VI)
heavy metal ions, respectively. According to the kinetics models,
adsorption follow better linear pseudo-second order, which
showed that the adsorption process is the chemisorption. The
thermodynamics studies evaluated the adsorption process was
spontaneous and endothermic. Finally, removal efficiency of
Aegle marmelos leaves biosorbent against the all three studied
metals were found maximum for Pb2+ followed by Cd2+ and
Cr6+ due to variation in hydration energy of three heavy metals.
It was concluded that low cost A. marmelos leaves could be used
as biosorption for pollutants removal from the wastewater.
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