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The removal of Pb(II), Cu(II) and Cd(II) ions onto polyazomethineamides (PAMA) has been investigated using
batch adsorption techniques. The extent of adsorption was investigated as a function of pH, adsorbent dose,
contact time and initial metal ion concentration. The metal ion removal was pH-dependent and reached
maximum at pH 6.0. Experimental data were analysed by Langmuir, Freundlich, Redlich-Peterson and Temkin
adsorption isotherms. The characteristic parameters for each isotherms and related correlation coefficients
have been determined using MATLAB 7.1. The maximum adsorption capacities of PAMA for Pb(II), Cu(II) and
Cd(II) ions were calculated from the Langmuir isotherm 452.1, 470.7 and 462.3 mg/g respectively. Pseudo-
first-order, pseudo-second-order, Elovich kinetic and intraparticle diffusion models were used to fit the
experimental data. Kinetic parameters, rate constants, equilibrium sorption capacities and related correlation
coefficients, for each kinetic model were calculated and discussed. The kinetic studies showed that the
pseudo-second-order rate equation was better described by the adsorption process. The FT-IR spectra of
the adsorbent indicated that the amide, amide carbonyl and azomethine groups were major binding sites
with the metal ions. The adsorption of PAMA for heavy metal is selective, and the adsorption capacity is in the
order of Cu(II)NCd(II)NPb(II).
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1. Introduction

Heavy metal pollution has become a serious problem with the
rapid increase of global industrial activities. The pollution of water by
toxic heavy metals is considered as a threat due to their immense
toxicity and their non-biodegradability. These heavymetal ions can be
accumulated through the food chain even at lower concentration,
leading to a threat to aquatic life as well as to animal, plant life and
human health. Toxic heavy metals are mainly derived from lead,
mercury, cadmium, chromium, copper, arsenic species, etc. owing to
the capability of these species to severe health threat [1–5]. There is a
continuous need for new separation techniques which selectively
remove themetal ions from dilute wastewaters and industrial process
streams.

Several methods have been widely applied for the removal of
heavy metal ions such as precipitation, ion exchange, reduction,
electrochemical treatment, reverse osmosis, solvent extraction,
membrane filtration, etc. [6]. Most of these methods are not widely
acceptable owing to their high cost, low efficiency, disposal of sludge,
and inapplicability to a wide range of pollutants. On the other hand,
adsorption process is well recognized as one of the most effective
methods for the removal of heavy metals from their matrices.
Adsorption is mainly based on the utilization of solid adsorbents
from organic, inorganic or biological nature [6–8]. Nowadays, among
the various solid adsorbents, chelating resins are widely used in the
removal of metal ions due to their high adsorption capacities and
selectivity [9–13]. Regeneration and reusability of the sorbent
material must also be considered when assessing the efficiency and
feasibility of a treatment process. If the sorbent can be regenerated
through desorption cycle (dissolution in adequate eluent, e.g., strong
acid) without destruction, the process will become more lucrative.
The successive regeneration of sorbents decreases their efficiency,
therefore limiting the number of cycles. After that they may be
considered as wastes and need to be further disposed.

The objective of the present work was to synthesize, characterize
and evaluate the potential of polyazomethineamides (PAMA) for the
adsorption of heavy metal ions such as Pb(II), Cu(II) and Cd(II) ions
from aqueous solutions. The effect of various experimental parameters
such as solution pH, adsorbent dose, contact time and initial metal ion
concentration has been investigated.
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2. Experimental

2.1. Chemicals and reagents

2-Aminoterephthalic acid (Aldrich), terephthalaldehyde (Aldrich),
diaminodiphenylether, triphenylphosphate (Fluka), and ammo-
niumthiocyanate (Fluka) chemicals were procured from India and
Japan. Dimethylformamide (DMF) (Himedia), pyridine (Qualigens),
N-methylpyrolidene (NMP) (Rambacks) ethanol (Merck) and distilled
water were received from the Makalakshmi chemicals and purified
using standard process. Pb(NO3)2, CuSO4·5H2O and 3CdSO4·8H2O
salts were procured form Aldrich-Sigma Chemical, India. All the
chemicals and reagents used for experiments and analysis were of
analytical grade.

2.2. Metal solutions

The various concentrations of metal solutions were prepared by
dissolving Pb(NO3)2, CuSO4·5H2O and 3CdSO4·8H2O in appropriate
amount of distilled water. Desired test solutions of heavy metal ions
were prepared using appropriate subsequent dilutions of the stock
solution. The range in concentrations of heavy metal ions prepared
from experimental solution varies from 100 to 500 mg/L. Before
mixing the adsorbent, the pH of each test solution was adjusted to the
required value with 0.1 M NaOH or 0.1 M HCl.

2.3. Preparation of polymer adsorbent

The dicarboxylic acid monomer containing azomethine groups
was synthesized by condensing 0.22 mol of terephthalaldehyde
with 0.25 mol of p-amino benzoic acid in DMF with pyridine as a
catalyst at 140 °C for 3 h. The resulting dicarboxylic acid monomer
(1) was precipitated in water and recrystallized from DMF/water
solution, filtered and dried. Polyazomethineamides were synthe-
sized using phosphorylation technique using NMP as a solvent and
triphenylphosphite and CaCl2 as condensing agent. Dicarboxylic
acid monomer (1) and simple diamine or diamine containing
phenylthiourea were taken in equimolar quantities along with
triphenylphosphite and CaCl2 in NMP in round bottomed flask and
stirred using magnetic pellet at 140 °C for 6 h. The resulting viscous
liquidwas poured intomethanol. Precipitated polyamideswere filtered,
washed with 5% HCl, 5% Na2CO3, distilled water and ethanol, and
dried in vacuum. The solid polyazomethine amides were powdered
and used for the adsorbent.

2.4. Analytical method

The concentration of heavy metal ions in the solutions before and
after equilibrium was determined by AA6300 Atomic absorption
spectrometer (Shimadzu, Japan). The pH of solution was measured
with a Hanna pH meter using a combined glass electrode. Fourier
Transform Infrared Spectrometer analysis was used to identify the
different chemical functional groups present in the adsorbent and also
to determine the functional groups which are reasonable for themetal
binding with the adsorbent. The analysis was carried out using KBr
and the spectral range varies from 4000 to 450 cm−1. The surface
morphologies of the solids were analysed using a Leo Gemini 1530
scanning electron microscopy at an accelerating voltage of 15 kV and
with the working distance of 10 μm for PAMA.

2.5. Adsorption studies

Batch adsorption experiments were carried out by shaking the
flasks at 200 rpm for a constant period of time using a horizontal bench
shaker (Orbitek-Teqip-ACT/EQ/454). Following a systematic process,
the removal of heavy metal ions from aqueous solutions by the use
of PAMA in a batch system was studied in the present work. The
data obtained in batch studies were used to calculate the percentage
removal of heavy metal ions by using the following mass balance
relationship:

% heavy metal ions removal =
Co−Ce

Co

� �
× 100 ð1Þ

where, Co and Ce are the initial and equilibrium concentration (mg/L)
of the metal solutions respectively.

2.5.1. Effect of solution pH on adsorption
The effect of pH on the adsorption of PAMAwas investigated using

a 50 mL of 300 mg/L metal ion solution in the pH range between 2.0
and 10.0 at 30 °C. The samples were then agitated in a horizontal
bench shaker at 200 rpm at a different solution pH for 60 min and
then filtered through Whatman 42 filter paper. The filtrate was
analysed using AA6300 Atomic absorption spectrometer. Each
determination was repeated thrice and the result obtained was their
average values.

2.5.2. Effect of adsorbent dosage
Batch adsorption experiments were carried out at a different

adsorbent dosage of PAMA from 20 to 100 mg for a 50 ml of 300 ppm
of metal ion solution at 6.0 pH, for contact time of 60 min at a room
temperature of 30 °C. The samples were filtered and the filtrates were
analysed as mentioned above.

2.5.3. Effect of contact time
Batch adsorption experiments were carried out at different contact

time (10 to 100 min) for an initial concentration of 300 mg/L of metal
ion solution at pH 6.0, the PAMA dose concentration is 50 mg in 50 ml
of metal ion solution in 250 ml conical flask at 30 °C. Flasks were
agitated on the shaker for 60 min to ensure that the equilibrium is
attained. Themixturewas then filtered and the concentration of metal
ion in the filtrates was measured.

2.5.4. Effect of metal ion concentration
Batch adsorption experiments were carried out by contacting 50 mg

of PAMA with 50 mL of metal ion solution of different initial
concentration (100 to 500 mg/L) at a pH value of 6.0 at 30 °C. A series
of such conical flaskswere shaken for 60 min at a speed of 200 rpm. The
samples were filtered and the filtrates were analysed as mentioned
above.

2.6. Adsorption isotherms

Batch adsorption experiments were conducted using 250 mL
conical flasks at 30 °C. 50 mg of adsorbent was added to each conical
flask which consists of 50 mL metal ion solution of various initial
concentrations. All flasks were shaken at 200 rpm in the horizontal
bench shaker for 60 min. After filtration, the metal ion concentration
in the filtrate solution was analyzed using AA6300 Atomic absorption
spectrometer. The amount of metal adsorbed qe (mg/g) was deter-
mined by using the following mass balance relationship:

qe ¼
Co−Ceð ÞV

m
ð2Þ

where V is the volume of the solution (L); andm is the mass (g) of the
adsorbent.

2.7. Adsorption kinetics

Kinetic studies were conducted using a 250 mL conical flask at
30 °C. The experiment was conducted using 50 mL of metal ion
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solution at the initial metal ion concentration of 300 mg/L. The
mixture was shaken continuously and the samples were taken at
predetermined time intervals from the mixture and were immedi-
ately filtered. The filtrate solution was analyzed for the residual metal
ion concentration. The amount of metal adsorbed at time t, qt (mg/g),
was calculated by:

qt =
Co−Ctð ÞV

m
ð3Þ

Ct is the concentration of metal solution at any time t (mg/L) (Fig. 10).

3. Results and discussion

3.1. Characterization of the adsorbent

3.1.1. Spectral characterization of the adsorbent
Formation of polyazomethine amide is shown in scheme 1 (Fig. 1). IR

spectrum of PAMA (a) is shown in Fig. 2 (a). The amide carbonyl, –NCH–
stretching frequencies appeared at 1657 cm−1 and 1594 cm−1 respec-
tively. The –N–H stretching frequency and amide (II) bond is observed at
3385 cm−1 and 1511 cm−1 respectively which suggest the formation of
amide link in the polymer.

1
H NMR spectra of PAMA (a) and (b) are

shown in Fig. 3(a) and (b) respectively. For PAMA (a) (Fig. 3a) the
assignments of peaks are δ=9.8(d5 –N–H amide) and δ=8.58 (s, –NC–
H). δ=7.88–6.06 are accounted for the aromatic complex protons of the
dicarboxylic acid and diamine parts. Similarly, in the

1
H NMR spectrum of

PAMA (b) (Fig. 3b) the –N–H protons of the amide link appeared at
δ=9.8–9.7 ppm. The –N CH– protons show peak at 8.5 ppm. The
aromatic protons of the polymer appear as a complex and broad signals
HOOC N=HC CH=N

+

2HN (Y) (X) (Y) NH 2

1

2

OC N=CH CH=N

3

2
X

Y

O

__

O

NHC

S

3 ba

Fig. 1. Sche
at δ=7.9–6.0 ppm. The spectral investigations support the structure of
polyazomethineamide explained in the scheme 1.

3.1.2. Scanning electron microscopy
The SEM images of the PAMA and metal loaded PAMA are shown in

Fig. 4(a), (b), (c) and (d) respectively. From Fig. 4 irregular image and
porous surface could be observed. On the basis of this fact, it can be
concluded that the adsorbent present an adequate morphology for the
metal ion adsorption. After metal adsorption the porous surface on the
PAMA gets filled up by the metal ion. This observation indicates that
metal ion is adsorbed to the functional groups present inside thewall of
the PAMA surface. Fig. 4(b), (c) and (d) shows that metal ion is heavily
loaded in PAMA and adsorption of metal ion occurs inside the wall of
the PAMA surface. So, the morphological study of metal loaded PAMA
confirms that the adsorption takes place inside the wall of the PAMA
surface. This fact is further the supported by the FT-IR analysis of the
metal adsorbed polymer. The IR spectra ofmetal ions adsorbed polymer
(b) and (c) are shown in Fig. 2. When compare to the plain polymers
the –N–H stretching frequency of the amide link (3385 cm−1) shift's
to higher wavelength (3392 and 3399 cm−1) in the metal adsorbed
polymer. The amide carbonyl stretching frequency of the polymer
appeared at 1657 cm−1 is completely absent in the metal adsorbed
polymer. The shape of –N CH– stretching frequency also changed in the
metal adsorbed polymer.

3.2. Effect of solution pH on metal ion adsorption

The solution pH is an important controlling parameter that affects
the adsorbent capacity of heavy metals. The influence of hydrogen
ion concentration on the adsorption of Pb(II), Cu(II) and Cd(II)
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Fig. 2. (a) FT-IR spectrum of PAMA (b) Pb and (c) Cu treated PAMA.
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was investigated by varying the pH of metal solution in the range of
2.0–10.0. The effect of pH on heavy metal ions such as Pb(II), Cu(II)
and Cd(II) adsorption was shown in Fig. 5. The adsorption is high at
pH 6.0 and it decreases as the solution pH increases or decreases. The
maximum removal efficiencies of Pb(II), Cu(II) and Cd(II) ions were
90.21%, 87.58% and 84.59% respectively. At lower pH values,
concentration of H+ ions far exceeds that of the metal ions and
hence H+ ions compete with the metal ions for the surface of the
adsorbent which would hinder the metal ions from reaching the
binding sites of the adsorbent caused by repulsive forces. However,
the metal ion removal is minimum presumably due to enhanced
competition of H+ with metal ions for the binding sites and complex
formation. When pH=6 the functional groups present in the
adsorbent are deprotonated and their metal binding capacity
increases. Hence an optimal pH value of 6 was fixed for further
adsorption experiments.

3.3. Effect of adsorbent dose on metal ions adsorption

The adsorbent dosage is an important parameter because this
determines the capacity of an adsorbent for a given initial concentra-
tion. The adsorption efficiency for Pb(II), Cu(II) and Cd(II) ions as a
function of adsorbent dosage was investigated (Fig. 6). Fig. 6 shows
that the adsorption increases with the increase in the dose of PAMA.
This is because of the availability of more binding site on the surface at
higher concentration of the adsorbent for complexation of metal ions.
The increase in adsorbent dose for Pb(II), Cu(II) and Cd(II) ions from
0.4 to 2 g/L resulted in an increase of Pb(II) ions from 67.61% to
99.17%, for Cu(II) ions from 60.75% to 96.50% and for Cd(II) ions from
56.28% to 92.35%, respectively.

3.4. Effect of contact time on metal ions adsorption

Contact time is one of the important parameters for successful use
of the adsorbents for practical application and rapid sorption is among
the desirable parameters. Fig. 7 shows the effect of contact time on the
adsorption of Pb(II), Cu(II) and Cd(II) ions onto PAMA. The adsorption
efficiency of Pb(II), Cu(II) and Cd(II) ions increased considerably
with increasing contact time up to 60 min and later, it was almost
constant. For instance, during 60 min, when the adsorption efficiency
was 91.49%, 88.95% and 85.58% for Pb(II), Cu(II) and Cd(II) ions,
respectively, then it was 92.77%, 89.82% and 86.62%, respectively, 



Fig. 3. (a) and (b)
1
H-NMR spectrum of polymers.
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during 100 min. Therefore, the optimum contact time was selected as
60 min for further experiments.

3.5. Effect of initial metal ion concentration on metal ions adsorption

The rate of adsorption is a function of the initial concentration
of metal ions, which makes it an important factor to be considered
for effective adsorption. The percentage removal of metal ions such
as Pb(II), Cu(II) and Cd(II) at different metal ion concentration (100–
500 mg/L) using PAMA is presented in Fig. 8. The initial metal ion
concentrations were increased from 100 to 500 mg/L, the percentage
of adsorption was slightly decreased (for Pb(II) from 98.05 to 82.36%,
for Cu(II) from 95.78 to 78.69% and for Cd(II) from 92.48 to 74.48%).
This may be due to the saturation of active adsorption sites on PAMA.
3.6. Adsorption isotherms

Adsorption isotherms are the basic requirements for designing any
sorption system. The distribution of metal ions between the liquid
phase and the adsorbent is a measure of the position of equilibrium in
the adsorption process and can generally be expressed by one or more
of a series of isotherm models. In order to adapt for the considered
system, an adequate model that can reproduce the experimental
results obtained, equations of Langmuir [14], Freundlich [15], Redlich-
Peterson [16] and Temkin [17] isotherms have been considered. The
maximum adsorption capacity of metal ions, Qm for the adsorbent
used in this study along with that of other adsorbents are presented
in Table 3. The adsorption capacity of polyazomathineamide (PAMA)
was much higher than that of other potential adsorbents such as 

image of Fig.�3


Fig. 4. (a) SEM Image of PAMA. (b)–(d) SEM Image of Pb,Cu and Cd treated PAMA rspectively.
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Bagasse carbon, Bone char, Coconut shell carbon, Aniline formalde-
hyde coated, Tree fern and Fly ash.
3.6.1. The Langmuir isotherm
The theoretical Langmuir sorption isotherm is based on the

assumption that the maximum adsorption occurs when a saturated
Fig. 5. Effect of pH for the adsorption of metal ions onto PAMA (the initial metal ions
concentration=300 mg/L, PAMA dose=1 g/L and time=60 min).
monolayer of solute molecules is present on the adsorbent surface,
the energy of adsorption is constant and there is no migration of
adsorbate molecules in the surface plane. The non-linear equation of
Langmuir isotherm model is expressed as follow:

qe =
qmKLCe

1 + KLCe
ð4Þ
Fig. 6. Effect of adsorbent dose on metal ions removal (the initial metal ions
concentration=300 mg/L, pH=6.0, and time=60 min).  

image of Fig.�4
image of Fig.�5
image of Fig.�6


Fig. 7. Effect of contact time for the adsorption of metal ions onto PAMA (the initial
metal ions concentration=100 to 500 mg/L, pH=6.0, PAMA dose=1 g/L and
time=60 min).
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where Ce is the supernatant concentration at the equilibrium state
of the system (mg/L), qm (mg/g) and KL (L/mg) are the Langmuir
constants, representing the maximum adsorption capacity for the
solid phase loading and the energy constant related to the heat of
adsorption respectively.

3.6.2. The Freundlich isotherm
The Freundlich isotherm model is the earliest known relationship

describing the sorption process. The model applies to adsorption on
heterogeneous surfaces with interaction between the adsorbed
molecules and the application of the Freundlich equation also
suggests that sorption energy exponentially decreases on completion
of the sorptional centers of an adsorbent. This isotherm is an empirical
equation which can be employed to describe the heterogeneous
systems and is expressed as follows:

qe = KfC
1

n=
e ð5Þ

where Kf is the Freundlich constant ((mg/g)(L/mg)(1/n)) related to the
bonding energy. Kf can be defined as the adsorption or distribution
coefficient and represents the quantity ofmetal ions adsorbed onto the
adsorbent for unit equilibrium concentration. 1/n is the heterogeneity
factor and n is a measure of the deviation from linearity of adsorption.
This value indicates the degree of non-linearity between solution
concentration and adsorption as follows: if n=1 then the adsorption
is linear; if nb1 then this implies that adsorption is favored by the
chemisorption process; if nN1 then the adsorption is favored by the
physisorption process.
Fig. 8. Effect of initial metal ions concentration for the adsorption of metal ions onto
PAMA (the initial metal ions concentration=100 to 500 mg/L, pH=6.0, PAMA
dose=1 g/L and time=60 min).

Fig. 9. (a). The non-linear adsorption isotherm for Pb(II) with PAMA at 30 °C. (b) The
non-linear adsorption isotherm for Cu(II) with PAMA at 30 °C. (c) The non-linear
adsorption isotherm for Cd(II) with PAMA at 30 °C.
3.6.3. The Redlich-Peterson isotherm
The Redlich-Peterson isotherm is a combination of Langmuir and

Freundlich model. It approaches the Freundlich model at higher 

image of Fig.�7
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Fig. 10. Adsorption kinetic curve of PAMA towards Pb2+, Cu2+ and Cd2+ ions at 30 °C.

Table 2
Kinetic models and other statistical parameters at 30 °C and at pH 6.0.

Kinetic model Parameters Metal ions solution (300 mg/L)

Pb(II) Cu(II) Cd(II)

Pseudo-first-order
equation

kad (min−1) 0.092 0.104 0.101
qe, cal (mg/g) 961.61 1336.59 1247.38
R2 0.816 0.897 0.889

Pseudo-second-order
equation

k (g mg−1 min−1) 3.6×10−4 3.04×10−4 2.67×10−4

qe, cal (mg/g) 277.78 270.27 263.16
h (mg g−1 min−1) 27.78 22.22 18.52
qe, exp (mg/g) 278.30 269.47 259.86
R2 0.997 0.995 0.994

Elovich equation α (mg/g min) 93.60 59.84 43.88
β (g/mg) 0.018 0.016 0.015
R2 0.972 0.968 0.970

Intraparticle diffusion kp (mg/g min1/2) 18.00 19.73 20.83
C 116.2 92.52 73.13
R2 0.924 0.924 0.922

Table 3
Comparison of adsorption capacity of various adsorbents for Pb(II), Cu(II) and Cd(II) ion
adsorptions.

Adsorption capacity
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concentration and is in accordance with the lower concentration limit
of the Langmuir equation. The equation is given as:

qe =
KRCe

1 + αRC
β
e

ð6Þ

where KR is Redlich-Peterson isotherm constant (L/g), αR is Redlich-
Peterson isotherm constant (L/mg) and β is the exponent which lies
between 0 and 1. The constant β can characterize the isotherm as: if
β=1, the Langmuir will be the preferable isotherm, while if β=0, the
Freundlich isotherm will be the preferable isotherm.

3.6.4. The Temkin isotherm
The Temkin isotherm model contains a factor that explicitly takes

into account the adsorbing species–adsorbate interactions. Thismodel
assumes the following conditions: (i) the heat of adsorption of all
the molecules in the layer decreases linearly with the coverage due
to adsorbent–adsorbate interactions, and that (ii) the adsorption is
characterized by a uniform distribution of binding energies, up to
some maximum binding energy. The derivation of the Temkin
isotherm assumes that the fall in the heat of sorption is linear rather
than logarithmic, as implied by the Freundlich equation. The Temkin
isotherm has commonly been applied in the following form:

qe = B ln ACeð Þ ð7Þ

where B=RT/b and A is Temkin constant. The experimental data
on the effect of an initial concentration of metal ions on the
PAMA of the test medium were fitted to the isotherm models using
MATLAB 7.1 and the graphical representations of these models are
presented in Fig. 9(a), (b) and (c). All of the constants are presented
in Table 1. Since the value of R2 is nearest to 1 this indicates that the
respective equation fits the experimental data best. The representa-
tions of the experimental data by all the model equations result
in non-linear curve with R2 values as tabulated in Table 1. The
Table 1
The value of parameters for each isotherm models used in this study.

Pb(II) ion Cu(II) ion Cd(II) ion

Isotherm Model Parameter R2 Parameter R2 Parameter R2

Langmuir qm=452.1
KL=0.085

0.974 qm=470.7
KL=0.046

0.991 qm=462.3
KL=0.033

0.999

Freundlich KF=90.86
n=2.90

0.986 KF=65.71
n=2.545

0.971 KF=52.74
n=2.417

0.956

Redlich-Peterson KR=50.08
αR=0.193
β=0.876

0.989 KR=29.03
αR=0.118
β=0.868

0.994 KR=15.43
αR=0.033
β=1.00

0.999

Temkin A=1.391
B=36.37

0.987 A=0.571
B=41.39

0.986 A=0.324
B=44.19

0.995
experimental data yielded excellent fits based on its correlation
coefficient values of Redlich-Peterson, Temkin, Freundlich, and
Langmuir isotherms for Pb(II), Cu(II) and Cd(II) ions. Redlich-
Peterson isotherm has fits better compare to other three isotherms.
The plotted equations obtained from the graphs were presented in
Table 1.

3.7. Adsorption kinetics

Lagergren pseudo-first-order [18], pseudo-second-order [19],
Elovich kinetic [20] and intraparticle diffusion [21] models were
used to test the experimental data and thus explain the adsorption
kinetic process.

3.7.1. Lagergren pseudo-first-order kinetic model
Lagergren pseudo-first-order equation is themost popular kinetics

equation and used only for the rapid initial phase. The pseudo-first-
order equation is given by

log qe−qtð Þ = logqe−
kad

2:303
t ð8Þ

where qt is the adsorption capacity at time t (mg/g) and kad (min−1)
is the rate constant of the pseudo-first order adsorption, was applied
(mg/g)

Adsorbent Pb(II) Cu(II) Cd(II) References

Bagasse carbon – – 30.0 [3]
Bone char – – 10.0 [22]
Coconut shell carbon – – 11.1 –

Aniline formaldehyde coated – 76.3 – [9]
Tree fern – 11.7 – [23]
Fly ash – – 198.2 [24]
Red mud – – 106.4 [24]
Grafted silica – 16.5 – [25]
Goethite – 0.5 – [26]
Green algae spirogyra – 133.0 – [27]
Sugarcane bagesse (MBS5) 189.0 139.0 164.0 –

Succinylated mercericed cellulose (DIPCI) 147.1 56.8 68.0 [28]
Succinylated mercericed cellulose (AAH) 192.3 69.4 87.0 [28]
Inert organic matter (IOM) 175.0 – 28.0 [29]
Polyazomethineamide (PAMA) 452.1 470.7 462.3 Present work 
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to the present study of Pb(II), Cu(II) and Cd(II) ion adsorptions onto
PAMA. The rate constant, kad and correlation coefficients of the metal
ions under single concentrationwere calculated from the linear plot of
log(qe−qt) versus t and listed in Table 2. The correlation coefficients
for the pseudo-first-order kinetic model are low. Moreover, a large
difference of equilibrium adsorption capacity (qe) between the
experiment and calculation was observed, indicating a poor pseudo
first-order fit to the experimental data.

3.7.2. The pseudo-second-order kinetic model
The pseudo-second-order model is more likely to predict the

kinetic behavior of adsorption with chemical sorption being the rate-
controlling step. This equation is in the following form:

t
qt

=
1
h

+
1
qe

t ð9Þ

where h=kqe2 (mg g−1 min−1) can be regarded as the initial
adsorption rate as t→0 and k is the rate constant of pseudo-
second-order adsorption (g mg−1 min−1). The plot of t/qt versus t
should give a straight line if the pseudo-second-order kinetics is
applicable to the adsorption of metal ions onto PAMA. The values qe, k
and h can be determined from the slope and intercept of the plot. At
studied initial metal ion concentration, the straight lines with
extremely high correlation coefficients (N0.99) were obtained and
presented in Table 2. In addition, the calculated qe values also agree
with the experimental data in the case of pseudo-second-order
kinetics. These suggests that the adsorption data are well represented
by pseudo-second-order kinetics and supports the assumption
[19] that the rate-limiting step of metal ions onto PAMA may be
chemisorption process.

3.7.3. The Elovich kinetic model
The equation defining the Elovich kinetic model is based on a

kinetic principle assuming that the adsorption sites increase expo-
nentially with adsorption, which implies a multilayer adsorption. The
linear form of Elovich equation is given by

qt =
1
β

ln αβð Þ + 1
β

ln t ð10Þ

where α and β known as the Elovich coefficients, α represent the
initial sorption rate in mg/(g min) and β is related to the extent of the
surface coverage and activation energy for chemisorption (g/mg),
respectively. The Elovich coefficients could be computed from the
plot of qt versus ln t. Pb(II), Cu(II) and Cd(II) ion adsorption kinetics
onto PAMA were also tested with Elovich kinetic model by plotting
qt versus ln t. Recorded R2 values are low which indicates that the
experimental data does not fit the Elovich kinetic model and metal
ions removal using PAMA under study cannot be described using this
model.

3.7.4. The intraparticle diffusion model
Taking into account that the kinetic results are fitted very well to a

chemisorption model, the intraparticle diffusion model was plotted in
order to verify the influence of mass transfer resistance on the binding
of metal ions to the PAMA. The kinetic results were analyzed by
the Weber and Morris intraparticle diffusion model to elucidate the
diffusion mechanism, which is expressed as:

qt = kpt
1/2 + C ð11Þ

where C is the intercept and kp is the intraparticle diffusion rate
constant, (mg/g min1/2), which can be evaluated from the slope of the
linear plot of qt versus t(1/2). The intercept of the plot reflects the
boundary layer effect. The larger the intercept is the greater is the
contribution of the surface sorption in the rate controlling step.
The calculated intraparticle diffusion coefficient kp values are listed in
Table 2. If the regression in the plot of qt versus t(1/2) is linear and pass
through the origin, then intraparticle diffusion is the sole rate-limiting
step. However, the linear plot at each concentration did not pass
through the origin. This deviation from the origin is perhaps being due
to difference in the rate of mass transfer in the initial and final stages
of adsorption. This is indicative of some degree of boundary layer
control and this further showed that the intraparticle diffusion was
not only rate-limiting step, but also may be controlling the rate of
sorption or all may be operating simultaneously. Thus based on the
high co-relation coefficient values (Table 2), it can be inferred that
adsorption of metal ions onto PAMA followed pseudo-second-order
model than that of the intraparticle diffusion model, pseudo-first-
order model and Elovich kinetic model.

 

 

4. Conclusion

The results of the present investigation show that polyazomethi-
neamides (PAMA) adsorbents have considerable potential for the
removal of metal ions such as Pb(II), Cu(II) and Cd(II) from the
aqueous solutions. The pH has a greater influence on the adsorption
efficiency. At low pH value, the adsorption efficiency was relatively
low due to the protonation of the chelating groups; whereas at higher
pH values almost 90% metal ions were adsorbed. The adsorbed
amount of metal ions increased with increase in contact time and
equilibrium could be reached within 60 min. Equilibrium and
kinetic studies were conducted for the adsorption of metal ions
such as Pb(II), Cu(II) and Cd(II) ions by PAMA. The isotherm data have
been analyzed by using Langmuir, Freundlich, Redlich-Peterson and
Temkin adsorption isotherms. The characteristic parameters for each
isotherms and related correlation coefficients have been determined
using MATLAB 7.1. The experimental data yielded excellent fits
within the following isotherms order for Pb(II), Cu(II) and Cd(II)
ions: Redlich-PetersonNTemkinNFreundlichNLangmuir, Redlich-
PetersonNLangmuirNTemkinNFreundlich and Redlich-PetersonN
LangmuirNTemkinNFreundlich, respectively, based on its correlation
coefficient values. The kinetics of adsorption was studied by using
pseudo-first-order, pseudo-second-order, Elovich kinetic and intra-
particle diffusion models. It is found that pseudo-second-order
equation provides the best correlation coefficient and agrees between
the calculated qe values and the experimental data, rather than other
three kinetic equations. Finally we conclude that the PAMA is an
excellent sorbent for the removal of heavy metal ions from the
aqueous solution due to its high selectivity, high thermal stability and
absolute insolubility in water.
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