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bstract

The removal of zinc ions from aqueous solutions on the biomass of Azadirachta indica bark has been studied by using batch adsorption technique.
he biosorption studies were determined as a function of contact time, pH, initial metal ion concentration, average biosorbent size and biosorbent
osage. The equilibrium metal uptake was increased and percentage biosorption was decreased with an increase in the initial concentration and
article size of biosorbent. The maximum zinc biosorption occurred at pH 6 and percentage biosorption increases with increase in the biosorbent

osage. Experimental data obtained were tested with the adsorption models like Langmuir, Freundlich and Redlich–Peterson isotherms. Biosorption
sothermal data were well interpreted by Langmuir model with maximum biosorption capacity of 33.49 mg/g of zinc ions on A. indica bark biomass
nd kinetic data were properly fitted with the pseudo-second-order kinetic model.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Excess heavy metals are introduced into aquatic ecosystems
s by-products of industrial processes and acid-mine drainage
esidues. They are highly toxic as ions or in compound forms:
hey are soluble in water and may be rapidly absorbed into living
rganisms [1]. Removal of heavy metals from wastewater is usu-
lly obtained by physical and chemical processes which include
recipitation, coagulation, reduction, membrane processes, ion
xchange and adsorption. However, the application of such pro-
esses is often restricted because of technical and/or economical
onstraints [2]. Biosorption may be a suitable wastewater tech-
ology to remove heavy metals as demonstrated by several
esearchers because it is possible to use cheap adsorption mate-

ials that can be competitive with the conventional technologies
3,4]. Zinc is one of the most important metal often found
n effluents discharged from industries involved in acid-mine
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rainage, galvanizing plants, natural ores and municipal wastew-
ter treatment plants and not biodegradable and travels through
he food chain via bioaccumulation. Moreover high intakes of
hese metals can cause liver, kidney and pancreas damage [5].
everal adsorbents were used for removal of heavy metals from
astewater [6]. Therefore there is significant interest regarding

inc removal from wastewater [7,8] and its toxicity for humans
t levels of 100–500 mg/day [9]. WHO recommended [10] the
aximum acceptable concentration of zinc in drinking water as

.0 mg/L.
In this work, the biosorption of zinc ions by Azadirachta

ndica bark was studied with the effects of pH, initial concen-
ration, biosorbent dosage, and biosorbent particle size.

. Materials and methods

.1. Preparation of biosorbent
The brown colored neem bark (A. indica) used in the present
tudy was collected from the college of engineering, Andhra
niversity, Visakhapatnam. The collected A. indica bark was

mailto:p_king@rediffmail.com
dx.doi.org/10.1016/j.jhazmat.2007.06.101
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Nomenclature

A, B Redlich–Peterson isotherm constants (L/mg)
b sorption equilibrium constant (L/mg)
C concentration of solute in the solution (mg/L)
Ceq equilibrium concentration of zinc (mg/L)
Cf final concentration of zinc (mg/L)
Ci initial concentration of zinc (mg/L)
Dp biosorbent size (�m)
g Redlich–Peterson isotherm exponent
kf Freundlich isotherm coefficient
k1 pseudo-first-order constant (1/min)
k2 pseudo-second-order constant (g/mg min)
m intensity (g/L)
q metal uptake (mg/g)
qeq amount biosorbed per unit weight of biosorbent

at equilibrium (mg/g)
qmax qeq for a complete monolayer (mg/g)
r correlation coefficient
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error procedure which is applicable to computer operations was
t time of contact (min)
W weight of biosorbent (g)

ashed with deionized water several times to remove dirt parti-
les. The washing process was continued till the wash water
ontains no dirt. The washed A. indica bark was then com-
letely dried in sunlight for 20 days. The resulting product was
irectly used as biosorbent. The dried bark was then cut into
mall pieces and powdered using domestic mixer. In the present
tudy the powdered materials in the range of 75–283.5 �m aver-
ge particle size were then directly used as biosorbent without
ny pretreatment.

.2. Chemicals

Stock solutions of zinc concentration 1000 mg/L was pre-
ared by dissolving 3.93 g of ZnSO4·7H2O in 1000 mL of
istilled water. The solution was prepared using standard flasks.
he range of concentration of the prepared metal solutions var-

ed between 20 and 100 mg/L. The solutions were prepared by
iluting the zinc stock solution, which were obtained by dissolv-
ng in deionized water. The pH of the solutions was adjusted with
.1 N H2SO4 and NaOH. Blank experiments were conducted to
nsure that no adsorption was taking place on the walls of the
pparatus used.

.3. Biosorption experiments

Batch biosorption equilibrium experiments were conducted
n 250 mL stoppered conical flasks at a constant agitation speed.
ll the experiments were carried out at room temperature

30 ± 1 ◦C). The concentrations of the metal ions before and

fter sorption were determined using atomic absorption spec-
rophotometer by monitoring the absorbance for the metal ion
sed. The amount of metal adsorbed by A. indica bark was cal-
ulated from the differences between metal quantity added to the
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iomass and metal content of the supernatant using the following
quation:

= (Ci − Cf)
V

M
(1)

here q is the metal uptake (mg/g), Ci and Cf are the initial and
nal metal concentrations in the solution (mg/L), respectively,
the solution volume (mL) and M is the mass of biosorbent (g).
The Langmuir sorption [11] isotherm has been successfully

pplied to many pollutant adsorption processes and has been
he most widely used adsorption isotherm for the adsorption
f a solute from a liquid solution. A basic assumption of the
angmuir theory is that adsorption takes place at specific homo-
eneous sites within the adsorbent.

The Langmuir equation used is

Ceq

qeq
= 1

bqmax
+ 1

qmax
Ceq (2)

here Ceq is the equilibrium concentration (mg/L), qeq the
mount of metal ion sorbed (mg/g); qmax the qeq for a complete
onolayer (mg/g) and b is the sorption equilibrium constant

L/mg). A plot of Ceq/qeq versus Ceq should indicate a straight-
ine of slope 1/qmax and an intercept of 1/bqmax.

Freundlich [12] studied the sorption of a material onto animal
harcoal and found that if the concentration of solute in the solu-
ion at equilibrium, Ceq, was raised to the power m, the amount
f solute adsorbed being qeq, then Cm

eq/qeq was a constant at a
iven temperature. This fairly satisfactory empirical isotherm
an be used for non-ideal sorption and the Freundlich model is
epresented by the equation:

eq = KfC
m
eq (3)

he equation is conveniently used in the linear form by taking
he logarithm of both sides as

og qeq = log Kf + m log Ceq (4)

Jossens et al [13] modified the three-parameter isotherm
roposed by Redlich and Peterson [14] to incorporate fea-
ures of both the Langmuir and Freundlich equations. The
edlich–Peterson model is represented as follows:

eq = ACeq

1 + BC
g
eq

(5)

pplying the natural logarithm of both sides:

n

(
A

Ceq

qeq
− 1

)
= g ln(Ceq) + ln(B). (6)

Although a linear analysis is not possible for a three param-
ter isotherm, three isotherm constants, A, B and g, can be
valuated from the pseudo-linear plot represented by Eq. (6)
sing a trail and error optimization method. A general trail and
eveloped to determine the coefficient of determination, r2 for
series of values of A for the linear regression of ln(Ceq) on

n[A(Ceq/qeq)−1] and to obtain the best value of A which yields
maximum “optimized” value for r2.
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tion. The percentage biosorption at higher concentration levels
ig. 1. Effect of contact time on biosorption of zinc by Azadirachta indica bark
or 20 mg/L of metal and 0.1 g/30 mL of biomass concentration (pH 6).

.4. Biosorption kinetics

The kinetics studies were carried out by conducting batch
iosorption experiments with different initial zinc concentra-
ions. Samples were taken at different time periods and analyzed
or their zinc concentration.

. Results and discussion

.1. Effect of contact time

Time course profile for the biosorption of zinc for a solution
f 20 mg/L is shown in Fig. 1. The data showed that a contact
ime of 45 min was required to achieve an optimum biosorption
nd there was no significant change in concentration of the metal
on with further increase in contact time. Therefore, the uptake
nd unadsorbed zinc concentrations at the end of 45 min are

iven as the equilibrium values, qeq (mg/g) and Ceq (mg/L). For
urther studies of biosorption with other variable parameters the
ptimum time of 45 min has been chosen for contact period.

ig. 2. Effect of metal ion concentration on the biosorption of zinc by A. indica
ark at 0.1 g/30 mL of biosorbent concentration (pH 6).

s
d

F
c

ig. 3. Effect of pH on zinc biosorption for 20 mg/L of metal and 0.1 g/30 mL
f biomass concentration.

.2. Effect of initial metal ion concentration

Experiments were undertaken to study the effect of the initial
etal ion concentration on zinc removal kinetics from the solu-

ion. The results obtained are shown in Fig. 2. The obtained curve
howed that the metal uptake increases with increase in initial
oncentration of metal ion while the percentage biosorption of
inc decreases with an increase in initial metal ion concentra-
ion. The increase of metal uptake is a result of the increase in
he driving force, i.e. concentration gradient, with an increase
n the initial zinc ion concentrations (from 20 to 100 mg/L).
owever, the percentage biosorption of zinc ions on A. indica
ark was decreased from 84 to 70%, respectively. Though an
ncrease in metal uptake was observed, the decrease in percent-
ge biosorption may be attributed to lack of sufficient surface
rea to accommodate much more metal available in the solu-
hows a decreasing trend whereas the equilibrium uptake of zinc
isplays an opposite trend. At lower concentrations, all zinc

ig. 4. Effect of biosorbent dosage on biosorption of zinc for 20 mg/L of metal
oncentration (pH 6).
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Fig. 6. The Langmuir, Freundlich and Redlich–Peterson models
were used to describe the equilibrium sorption isotherms and
the calculated results of these models are given in Table 1.

Table 1
Langmuir, Freundlich and Redlich–Peterson isotherm constants and correlation
coefficients
ig. 5. Effect of average particle size of biosorbent on biosorption of zinc for
0 mg/L of metal and 0.1 g/30 mL of biosorbent concentration (pH 6).

ons present in solution could interact with the binding sites
nd thus the percentage biosorption was higher than those at
igher initial zinc ion concentrations. At higher concentrations,
ower biosorption yield is due to the saturation of biosorption
ites. As a result, diluting the wastewaters containing high metal
on concentrations can increase the purification yield.

iosorption (%) = Ci − Cf

Ci
× 100 (7)

The metal uptake was calculated by the simple concentration
ifference method. The initial concentration Ci (mg/L) and the
nal metal concentration Cf (mg/L) at any time were determined
nd the metal uptake qeq (mg metal adsorbed/g adsorbent) was
alculated from the mass balance as follows:

eq = V (Ci − Ceq)

1000W
(8)

.3. Effect of pH

It is well known that the pH of the medium affects the sol-
bility of metal ions and the concentration of the counter ions,
n the functional groups of the biomass cell walls. Thus pH
s an important parameter on biosorption of metal ions from
queous solutions. A. indica bark presents a high content of ion-
zable groups (carboxyl groups) on the cell wall polysaccharides,
hich makes it very liable to the influence of the pH. As shown in
ig. 3, the uptake of free ionic zinc depends on pH. The biosorp-

ion of metallic ion was observed to increase with increase in
H up to a value of 6. At pH values lower than 4, zinc removal
as inhibited, possibly as a result of the competition between
ydrogen and metal ions on the sorption sites, with an apparent
reponderance of hydrogen ions, which restricts the approach

f metal cation as in consequence of the repulsive force. As the
H increased the legends such as carboxylate groups would be
xposed, increasing the negative charge density on the biomass
urface, increasing the attraction of metallic ions with positive
harge and allowing the biosorption onto the cell surface [15].

L

q
b
r

Fig. 6. Equilibrium curves for zinc onto A. indica bark.

.4. Effect of biosorbent dosage

For studying the effect of biosorbent dosage on removal of
inc ion, the biosorbent dosage is changed from 0.1 to 0.5 g,
xing other parameters like initial concentration at 20 mg/L, pH
and particle size 75 �m. The contact time was 45 min for zinc

s stated in the earlier section. The biosorption plot of Fig. 4
hows an increase in % biosorption with an increase in biosor-
ent dosage. This is because of the availability of more binding
ites for complexation of metal ions.

.5. Effect of biosorbent particle size

Fixing the initial concentration of solution at 20 mg/L, pH
, the fixed volume of 30 mL solution is allowed for 45 min for
inc biosorption with 0.1 g each of the varied size of particles
f biosorbent ranging from 75 to 283.5 �m, the plot (Fig. 5)
rawn for the variation of the percentage biosorption against
article size, shows that with increase in particle size the biosorp-
ion decreases. This is due to less surface area available with
ncreased particle size, thus reducing the biosorption.

. Biosorption equilibrium

The equilibrium biosorption of zinc on the A. indica bark
s a function of the initial concentration of zinc is shown in
angmuir model Freundlich model Redlich–Peterson model

max (mg/g) = 33.49 kf = 2.578 A (L/g) = 0.932
(l/mg) = 0.05717 m (g/L) = 0.6423 B (L/mg) = 5.424

2 = 0.9985 r2 = 0.9807 r2 = 0.2252
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Table 2
Kinetic constants for zinc onto Azadirachta indica bark

Pseudo-first order Pseudo-second order

k 0.039 0.0494
qeq (calculated) 2.0763 5.376
qeq (experimental) 5.3148 5.1788
r
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dq

(qeq − q)2 = k2dt (12)

Table 3
28 P. King et al. / Journal of Hazar

It is found that the biosorption of zinc on the A. indica bark
as correlated well with the Langmuir equation as compared
ith other two equations under the concentration range studied

Fig. 6).

. Biosorption kinetics

The prediction of adsorption rate gives important informa-
ion for designing batch adsorption systems. Information on the
inetics of solute uptake is required for selecting optimum oper-
ting conditions for full-scale batch process. Fig. 1 shows the
lot between the metal uptake, q (mg/g) versus time, t (min)
or initial solute concentration of 20 mg/L. From the figure it
as observed that q-value increased with increase in contact

ime. The kinetics of the adsorption data was analyzed using
wo kinetic models, pseudo-first order and pseudo-second order.
hese models correlate solute uptake, which are important in
redicting the reactor volume. These models are explained as
ollows.

.1. Pseudo-first-order model

The possibility of adsorption data following Lagergren [16]
seudo-first-order kinetics is given by

dq

dt
= k1(qeq − q) (9)

Integrating Eq. (9) with respect to integration conditions q = 0
t t = 0 to q = q at t = t, the kinetic rate expression becomes:

og(qeq − q) = log qeq − k1

2.303
t (10)

n order to obtain the rate constant, the straight-line plot (not
hown) of log (qeq−q) versus time was made for A. indica bark

or initial zinc concentration, 20 mg/L. The intercept of the plot
hould be equal to log qeq. However, if qeq from intercept does
ot equal to the equilibrium metal uptake then the reaction is not
ikely to be first order even this plot has high correlation coef-

ig. 7. Pseudo-second order adsorption of zinc by A. indica bark for 20 mg/L
f metal and 0.1 g/30 mL of biomass concentration.

C
a

A

A
S
F
A
M
M
M
M
P
S
A
N
C
C
B
P
C
P
P
S
T
A

2 0.5339 0.9991

cient with the experimental data. Correlation coefficient was
ound to be 0.5339, and the calculated qe is not equal to exper-
mental qeq, suggesting the insufficiency of pseudo-first-order
odel to fit the kinetic data for the initial zinc concentration

xamined.

.2. Pseudo-second-order model

A pseudo-second-order model proposed by Ho and McKay
17] was used to explain the sorption kinetics. This model is
ased on the assumption that the adsorption follows second
rder chemisorption. The pseudo-second-order model can be
xpressed as

dq

dt
= k2(qeq − q)2 (11)

eparating the variables in Eq. (11) gives:
omparison of maximum capacity of A. indica bark for zinc with other
dsorbents

dsorbent qmax (mg/g) pH Reference

ctivated carbon 31.11 4.5 [18]
treptoverticillium cinnamoneum 21.3 5.5 [19]
ontinalis antipyretica 12 5.0 [20]
sperigillus niger 405 4.7 5.0 [21]
ucor rouxii (live) 4.89 5.0 [22]
ucor rouxii (NaOH pretreated) 5.63 5.0 [22]
ucor rouxii (Na2CO3 pretreated) 3.26 5.0 [22]
ucor rouxii (NaHCO3 pretreated) 6.28 5.0 [22]
hanerochaete chrysorporium 39 7.0 [23]
argassum sp. 24.35 4.5 [24]
nimal bones 11.55 5.0 [25]
a-Mont morillonite 3.61 5.0 [26]
rushed concrete fines 33 5.5 [27]
oir 8.6 5.5 [28]
arley straw 5.3 5.5 [28]
eat 11.71 5.5 [28]
oniferous bark 7.4 5.5 [28]
apaya wood 0.64 5.0 [29]
enicillium digitatum 9.7 5.5 [30]
yzygium cumini L. 35.84 6.0 [31]
ectona grandis L.f. 16.42 5.0 [32]
. indica bark 33.49 6.0 Present study
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Integrating Eq. (12) for the boundary conditions q = 0 at t = 0
o q = q at t = t, Eq. (12) simplifies to:

t

q
= 1

k2q2
eq

+ 1

qeq
t (13)

here t is the contact time (min), qeq (mg/g) and q (mg/g) are
he amount of metal adsorbed at equilibrium and at any time, t.
orrelation coefficient was found to be 0.9991 for initial con-
entration 20 mg/L. If second order kinetics is applicable, the
lot (Fig. 7) of t/q versus time of Eq. (13) should give a linear
elationship from which the constants qeq and k2 can be deter-
ined. The rate constants and the correlation coefficients for

oth the tested models have been calculated and summarized in
able 2.

A comparison of the maximum capacity qmax of A. indica
ark with those of some other adsorbents reported in literature
s given in Table 3. Difference of metal uptake are due to the
roperties of each adsorbent such as structure, functional groups
nd surface area.

. Conclusions

The present study shows that the A. indica bark was an effec-
ive biosorbent for the biosorption of zinc ions from aqueous
olution. The biosorption performances are strongly affected by
arameters such as initial concentration, pH, biosorbent dosage,
iosorbent average particle size. The equilibrium metal uptake
as increased and percentage biosorption was decreased with

ncreasing the initial concentration of metal ion. The plot of
H versus percentage biosorption shows the significant biosorp-
ion takes place at 6. The percentage biosorption increases with
ncrease in the biosorbent dosage and decreases with increase
n the average particle size of the biosorbent. The adsorption
sotherms could be well fitted by the Langmuir equation. The
inetics of the biosorption of zinc was better described with
econd-order kinetics. Intra-particle diffusion might also have
significant role in the biosorption process slowing down the

pproach towards equilibrium.
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