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bstract

In the present study, nickel removal efficiency of sulphuric acid-treated Parthenium carbon (SWC) from simulated wastewater has been inves-
igated. Batch mode adsorption experiments have been conducted by varying pH, nickel concentration, adsorbent dose and contact time. Ni(II)
emoval was pH-dependent and found to be maximum at pH 5.0. The maximum removal of Ni(II) was achieved within 4 h after the start of every
xperiment. The equilibrium adsorption data were fitted to Freundlich and Langmuir adsorption isotherm models to evaluate the model parameters.
oth models represented the experimental data satisfactorily. The monolayer adsorption capacities of SWC as obtained from Langmuir isotherm

as found to be 17.24 mg/g. The Lagergren first-order model was less applicable than pseudo-second-order reaction model. The adsorbent was

lso characterized including infrared spectroscopy and scanning electron microscopy. The FT-IR study indicated the presence of O H, C H, C O
nd C O groups in the adsorbent.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Heavy metal pollution is an environmental problem of global
oncern. The heavy metals such as lead, copper, cadmium, zinc
nd nickel are among the most common pollutants found in
ndustrial effluents. Even at low concentrations, these metals
an be toxic to organisms, including humans [1]. Nickel is a
oxic heavy metal that is widely used in silver refineries, elec-
roplating, zinc base casting and storage battery industries. It
as also been reported in the groundwater near landfills, where
iscarded batteries were also found in the municipal solid waste
2]. In India, the acceptable limit of nickel in drinking water is

.01 mg/l and for discharge of industrial wastewater is 2.0 mg/l
3]. At higher concentrations, Ni(II) causes cancer of lungs, nose
nd bone. Dermatitis (Ni itch) is the most frequent effect of
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xposure to Ni, such as coins and costume jewellery. Ni car-
onyl [Ni (CO)4] has been estimated as lethal in humans at
tmospheric exposures of 30 ppm for 30 min. Nickel poisoning
auses headache, dizziness, nausea, vomiting, tightness of the
hest, dry cough, shortness of breath, rapid respiration, cyanosis
nd extreme weakness [3].

Several methods are available for the removal of metal ions
rom water and wastewater. These include ion exchange, solvent
xtraction, reverse osmosis, electrodialysis, precipitation, floc-
ulation, sorption, activated carbon adsorption and membrane
eparation processes [1]. However these techniques have certain
isadvantages, including higher operational cost, residual metal
ludge disposable, etc. Due to prohibitive cost of these processes,
he use of agricultural residues or industrial by-product having
iological activities have been received with considerable atten-
ion [2]. In recent years, a number of adsorptive material, such

s moss peat [4], melon seed husk [5], tea factory waste [6],
heep manure waste [7], bagasse and fly ash [8], waste apricot
9], activated carbon [10], Parthenium hysterophorus [11–13]
tc., have been tested to remove heavy metals from wastewater.

mailto:vinodkgarg@yahoo.com
mailto:rkgic@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2008.01.011
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Table 1
Some fundamental FT-IR frequencies of studied adsorbent (native and after use)

Adsorbent Band position (cm−1)
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Parthenium (P. hysterophorus L.) also known as white
op or carrot weed, an annual herbaceous weed—a native of
orth-east Mexico, has now widely spread in India, China, Aus-
ralia, Pacific Islands, etc. Parthenium plant contains Parthenon,
ymenin and ambrosin etc., which may induce allergic der-
atitis. It causes several health problems in human beings and

nimals, e.g. allergy, dermatitis, eczema, black spots, blisters
round eyes, burning, rings and blisters over skin, asthma, hey
ever, etc. The biomass of this plant is not put to any use and dis-
osed along the roadsides, agricultural fields and railway tracks
fter uprooting. The biomass of this plant is available whole year
t zero prices. The objective of this work was to study the adsorp-
ion capacity of Parthenium plant for the removal of nickel from
queous solution by varying parameters such as agitation time,
i(II) concentration, adsorbent dose and pH.

. Experimental procedure

.1. Material development

.1.1. Preparation of sulphuric acid-treated Parthenium
arbon (SWC)

Fully grown plants of Parthenium (stem, branches and leaves)
ere collected from the uncultivated fields of Guru Jambhesh-
ar University of Science and Technology, Hisar (India), cut

n to small pieces of 2–3 cm and dried in sunlight. The dried
iomass was used for carbon preparation by mixing with con-
entrated sulphuric acid (Parthenium:acid, 1:1.5 w/v ratio) and
eeping it at 120 ◦C for 24 h. This carbonized material was
ashed with distilled water several times to remove the free

cid and soaked in 1% sodium bicarbonate solution overnight to
emove any residual acid. This material was then again washed
ith distilled water and dried at 105 ◦C in a hot air oven for 24 h.

t was ground and sieved in the size range of 0.3–1.0 mm. The
arious physico-chemical characteristics of SWC were: particle
ize = 0.3–1.0 mm; bulk density = 0.57 g ml−1; pH 7.2; moisture
ontent (%) = 0.15; water solubility (%) = 2.86; acid solubility
%) = 4.0. The material was placed in airtight plastic containers
or further use.

.2. Preparation of Ni(II) containing simulated wastewater

A stock solution of 1000 mg/l of Ni(II) was prepared by dis-
olving 4.4790 g of nickel sulphate [NiSO4·6H2O] in double
istilled water, acidified with nitric acid to prevent hydrolysis
ormation. The stock solution was further diluted with distilled
ater to obtain the required standard solutions.

.3. Batch adsorption studies

Batch mode experiments were conducted at 23 ± 2 ◦C tem-
erature by shaking 0.2 g of adsorbent with 100 ml of simulated
astewater of desired concentration in 250 ml glass stoppered
onical flasks. The flasks were agitated on a rotary shaker at
80 rpm for 6 h to ensure equilibrium. The adsorbent from the
ixture was separated by centrifugation at pre-determined time

ntervals. Then residual nickel concentration in the supernatant

a
o
s
p

WC native 3385.9 2923.1 1708.5 1037.4
WC–Ni loaded 3376.8 2923.8 1703.4 1035.3

as estimated spectrophotometrically using dimethyl glyoxime
ethod [14]. All the experiments were carried out at pH 5.0

except when the pH effect was studied). The effect of solution
H on metal uptake was investigated under similar experimen-
al conditions between pH 2.0 and 9.0. pH of the solution was
djusted with dilute NaOH and HCl solution. Adsorbent dose
as varied from 0.2 g to 1.0 g/100 ml of simulated wastewa-

er. Contact time was also varied from 60–360 min. Adsorption
sotherm studies were carried out by using 10–50 mg/l Ni(II), pH
.0 and 0.2 g adsorbent/100 ml. The percent removal of Ni(II)
as calculated from the difference between the concentration of
i(II) before and after adsorption. All the experiments were con-
ucted in duplicate and mean values were used in the analysis
f data.

.4. Fourier transform infrared analysis (FT-IR)

Infrared spectra of the adsorbents were obtained using a
ourier transform infrared spectrometer (FT-IR, PE-RXI). For

he FT-IR study, finely ground biomass was encapsulated with
Br in the ratio of 1:20 in order to prepare the translucent sample
isks.

.5. Scanning electron microscopy (SEM)

After the metal–carbon contact experiments, the samples
ere characterized by SEM. The samples mounted directly onto
etal studs were analyzed in a LEO-435 VP microscope to

btain information regarding the surface morphology.

. Results and discussion

.1. FT-IR spectral analysis

The FT-IR spectra of Parthenium weed carbon (SWC) in
he range of 500–4000 cm−1 were recorded to obtain informa-
ion regarding vibrational frequency changes in the functional
roups present in the adsorbent using (Perkin Elmer, PE-RXI)
Table 1). The FT-IR spectra of native and nickel(II) loaded
SWC) are presented in (Fig. 1a and b). The FT-IR spectro-
copic analysis of SWC indicated broad band at 3385.9, 2923.1,
708.5, 1614.7 and 1037.4 cm−1 when compared with that of
ickel(II) loaded SWC which showed the same absorption at
376.8, 2923.8, 1703.4, 1617.3 and 1035.3 cm−1. These groups

re of the bonded hydroxyl group ( OH), stretching vibration
f the C H group, C O stretching due to carboxyl group and
trong C O band due to OCH3 groups. The difference between
eaks in the FT-IR spectra of native and nickel(II) loaded SWC
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Fig. 1. (a) FT-IR spectra of sulphuric acid-treated carbon (SWC) before u

anged from 9.1, 0.7, 5.1 and 2.1 cm−1. These results indicated
he involvement of some of functional groups in metal binding.

alkoc and Nuhoglu; Garg et al. [6,15] have also reported that
here is a small difference in the absorption peaks of spectra
efore and after metal adsorption.
.2. Effect of solution pH

One of the most important process parameters in adsorption
s pH of the medium. In order to study the effect of pH on Ni(II)

r
f
d
b

(b) FT-IR spectra of Ni(II) loaded sulphuric acid-treated carbon (SWC).

dsorption onto SWC, pH of solution was varied from 2.0 to
.0. From Fig. 2, it is observed that the adsorption of nickel
aries with pH and is highly pH-dependent. Adsorption is high
t pH 5.0 and decreases as the pH increases or decreases. At
ow pH values, concentrations of H+ ions far exceeds that of the

etal ions and hence H+ ions compete with Ni(II) ions for the
urface of the adsorbent which would hinder the Ni(II) ions from

eaching the binding sites of the adsorbent caused by repulsive
orces. However, the metal removal is minimum presumably
ue to enhanced competition of proton with nickel ions for the
inding sites and complex formation. When pH is increased, the
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Fig. 4. Effect of adsorbent dose on the adsorption of Ni(II) on SWC (initial
concentration = 20 mg/l, pH 5.0).

Table 2
Isotherm constants of Langmuir and Freundlich models for Ni(II) adsorption by
SWC

Adsorbent Langmuir constants Freundlich constants

S

3

2
f

ig. 2. Effect of pH on the adsorption of Ni(II) on SWC (initial concentra-
ion = 20 mg/l, adsorbent dose = 0.2 g/100 ml, contact time = 5 h).

i(II) ions get precipitated due to hydroxide anion forming a
ickel hydroxide precipitates. For this reasons, the optimal pH
as selected to be 5.0 for the further experiments.

.3. Effect of agitation time and initial concentration

Effect of agitation time and initial concentration on removal
f Ni(II) by SWC at 23 ± 2 ◦C and pH 5.0 was studied. The
esults so obtained are given in Fig. 3. It is evident from the
esults that percent adsorption of metal ion increases rapidly with
ime and attains equilibrium at about 4 h for all the concentra-
ions studied (10–25 mg/l). The percent adsorption of metal ion
s inversely related to the initial metal ion concentrations. Per-
entage of Ni(II) removal was decreased as its concentration was
ncreased at fixed adsorbent dose. But the amount of Ni(II) ions
dsorbed per unit mass of adsorbent increased with the increase

f the initial ion concentrations. When the Ni(II) ion concentra-
ion was increased from 10 to 25 mg/l, the adsorption capacity
f SWC increased from 4.51 to 9.47 mg/g at equilibrium.

ig. 3. Effect of initial concentration on adsorption of Ni(II) on SWC (adsorbent
ose = 0.2 g/100 ml, pH 5.0).
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Qo (mg/g) b (l/mg) R2 Kf (mg/g) n R2

WC 17.24 0.27 0.9978 4.99 2.58 0.986

.4. Effect of adsorbent dose and contact time

Nickel removal at different adsorbent doses was studied at
3 ± 2 ◦C temperature and 5.0 pH by varying the adsorbent dose
rom 2.0 to 10.0 g/l while keeping the volume and concentration
f the metal solution constant. The results have been presented
n Fig. 4. It is evident from Fig. 4 that percent adsorption of
i(II) ion was increased with time as well as adsorbent dose.

his is because of the availability of more and more adsorption
ites for complexation of nickel(II) ions [16]. Time required for
he equilibrium attainment was 4 h. However, the unit adsorp-
ion capacity showed a reverse trend to the percent adsorptions.

able 3
omparison of adsorption capacity of Ni(II) onto various adsorbents

dsorbent Adsorption
capacity (mg/g)

References

ea factory waste 15.26 Malkoc [1]
phagnum moss peat 9.18 Ho [4]
elon seed husk 5.9 Okieman [5]

heep manure waste 7.20 Abu Al-Rub [7]
ly ash 0.03 Rao [8]
agasse 0.001 Rao [8]
spergillus niger 5.0 Huseyin [19]
ed mud 15.0 Zouboulis [20]
hizopus nigricans 1.0 Kapoor [21]
ranular activated carbon 1.49 Periasamy [22]
atural clay 12.5 Hawash [23]
arthenium hysterophorus 17.2 This work
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Fig. 5. Pseudo-first-order kinetic plot for adsorption of Ni(II) on SWC.

ith increasing adsorbent dose from 2.0 g to 10.0 g/l, the adsorp-
ion of Ni(II) ion per unit mass of adsorbent decreased from
.4 to 1.82 mg/g. This is due to overlapping and aggregation of
dsorption sites when dose increased from 2.0 to 10.0 g/l.

.5. Adsorption isotherms

Among various models employed for analyzing the nature
f adsorbate–adsorbent interaction, adsorption isotherms are
he most significant. Removal of nickel at different concen-
rations (10–50 mg/l) on a fixed amount of adsorbent has been
xpressed by two different models viz., Freundlich and Lang-
uir isotherms. The Freundlich isotherm is represented by the

ollowing equations [17]:

e = Kf C1/n
e (1)

og qe = log(Kf) +
(

1

n

)
log(Ce) (2)

here Ce is the equilibrium concentration (mg/l); qe is
he amount adsorbed per specified amount of adsorbent
mg/g) at equilibrium, Kf and n are constants which are
dsorption capacity (mg/g) and intensity of adsorption, respec-

ively. Linear plots of log qe versus log Ce (figure not given)
hows that the adsorption followed Freundlich model well.
f and n were calculated from the intercept and slope of

he plots. The values of constants are given in Table 2.

o

R

able 4
dsorption kinetic constants for Ni(II) adsorption by SWC

nitial concentration (mg/l) First-order kinetic model

qe, exp (mg/g) kad (1/min) qe, cal (m

0 4.51 8.98 × 10−3 1.38
5 6.42 0.012 2.59
0 8.42 0.013 4.79
5 9.47 0.016 3.99
ig. 6. Pseudo-second-order plot for the adsorption of Ni(II) on SWC (volume
f sample = 100 ml, pH 5.0).

alue of ‘n’ between 1 and 10 represents beneficial adsorp-
ion.

Langmuir model is commonly used for liquid phase adsorp-
ion. Langmuir model assumes that the uptake of metal ions
ccur on a homogeneous surface by monolayer adsorption with-
ut any interaction between adsorbed ions.

The Langmuir isotherm is expressed as [18]:

Ce

qe
=

(
1

Qob

)
+

(
Ce

Qo

)
(3)

here, qe is the amount of Ni(II) adsorbed at equilibrium (mg/g),
e is the equilibrium concentration (mg/l), Q0 and b are Lang-
uir constants related to the adsorption capacity and energy of

dsorption, respectively. The linear plot of Ce/qe versus Ce (fig-
re not given) shows that the nickel removal by SWC obeys the
angmuir model too. Q0 and b were calculated from the slope
nd intercept of the plot and are presented in Table 2. On the
asis of correlation coefficients, it can be observed in Table 2,
xperimental data were better fitted to the Langmuir equation
han that of the Freundlich equation.

The essential characteristics of Langmuir isotherm can be
xpressed in terms of a dimensionless constant separation factor

r equilibrium parameter, RL that is defined by

L = 1

(1 + bCo)
(4)

Second-order kinetic model

g/g) R2 k′ (g/mg/min) qe, cal (mg/g) R2

0.7818 0.017 4.72 0.9956
0.98 0.017 6.56 0.997
0.9592 9.37 × 10−3 8.67 0.9945
0.9918 0.010 9.94 0.998
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solutions using tea factory waste, J. Hazard. Mater. B127 (2005) 120–128.
ig. 7. (a) SEM micrographs of native SWC and (b) SEM micrographs of Ni(II)
oaded SWC.

L values between 0 and 1 indicate favorable adsorption of Ni(II)
nto SWC. The values of Ni(II) uptake by different adsorbent
ollected from the literature along with the results of this work
re given in Table 3 in the form of monolayer adsorption capac-
ty. The value of Ni(II) uptake found in this work is higher than
eported elsewhere. The comparison of adsorption capacities of
WC used in this study with those obtained in the literature
hows that the SWC is effective for the removal of nickel(II)
rom aqueous solution.

.6. Adsorption kinetics

In order to investigate the mechanism of adsorption, kinetics
odels are used to test experimental data. Pseudo-first-order and

seudo-second-order equations can be used while assuming that
he measured concentrations are equal to surface concentrations.

The pseudo-first-order is expressed as [24]:
og(qe − qt) = log qe −
[

(kadt)

2.303

]
(5)
Materials 157 (2008) 503–509

here qt and qe are the amounts of Ni(II) adsorbed (mg/g) at
ime t (min) and at equilibrium time and kad is the rate constant of
rst-order adsorption. Linear plot of log (qe − qt) versus t shows

he applicability of the above equation for SWC (Fig. 5). The
ad and qe values were calculated from slope and intercept of
he plot, respectively. The values of these constants for Ni(II)
emoval by SWC are given in Table 4.

The pseudo-second-order kinetic model is expressed as [25]:

t

qt
=

[
1

k′ qe
2
]

+ t

qe
(6)

here k′ (g/mg min−1) is the rate constant of second-order
dsorption. The plot of t/qt versus t should be a straight line
f second-order kinetic model is applicable. It was found that
lthough the first-order equation was suitable for some of the
ata; it was not applicable to all the results. Therefore, no further
onsideration was given to it. The pseudo-second-order model,
owever, was applicable to all the data and the results are shown
n Fig. 6. The values of k′ and correlations coefficients are listed
n Table 4.

.7. Scanning electron microscopy (SEM)

SEM micrographs were obtained before and after Ni(II)
dsorption onto SWC are presented in Fig. 7a and b. The scan-
ing electron micrographs clearly reveal the surface texture and
orosity of the sample. In Fig. 7a, the surface of the adsorbent
s a continuous structure with feature around 10 �m, while in
ig. 7b, new shiny and bulky particles appear over the surface
f Ni(II) loaded SWC.

. Conclusion

In our laboratory, the work is in progress to look into the
ossibility of the use of waste biomass for industrial pollution
ontrol. In this study removal of Ni(II) on SWC has been investi-
ated. The removal process was affected by process parameters,
amely, pH, adsorbent dose, concentration of metal ion and con-
act time. Maximum removal of nickel on SWC was at pH 5.0.
he equilibrium of metal ion removal was attained in 4 h. The
ata obtained from this study was best described by Langmuir
nd Freundlich isotherm models. The overall adsorption rate was
est described by pseudo-second-order kinetic model. Adsorp-
ion of nickel on the surface of SWC was studied by FT-IR and
EM. SEM analysis indicates that nickel adsorption takes place
n the surface of SWC. These results demonstrate that SWC
ould be effective, easily available and low cost adsorbent for
he removal of Ni(II) from dilute aqueous solution.
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