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ABSTRACT
Removal of toxic metal contaminants from wastewater has been a cause of major concern. Much attention has
recently been focused on various biosorbent materials. The present study aimed to prepare the biosorbent,
chitosan/kenaf fiber bio-composite for the removal of toxic heavy metal Nickel(II) ions from the synthetic
wastewater. The prepared adsorbent was characterized using FTIR and XRD to study its suitability and confirms
the formation of the biocomposite by the chemical versus physical changes. Adsorption was done under batch mode
to investigate the parameters such as initial metal ion concentration, contact time, adsorbent dose and pH which
affects the adsorption process. The maximum adsorption capacity of chitosan can be estimated to be greater than
70.55 mg·g-1 for Ni(II) ions and the removal was high at pH 5. The experimental data was modeled using the
Langmuir and Freundlich adsorption isotherms and the adsorption kinetics were tested using pseudo-first-order,
pseudo-second-order and intraparticle diffusion models. Kinetic studies showed that the adsorption followed
pseudo-second-order reaction with regard to the intraparticle diffusion rate. The results were discussed.
Key words: chitosan/kenaf bio-composite, adsorption, nickel(II) ions, isotherms, intraparticle diffusion
_____________________________________________________________________________________________
INTRODUCTION
Water pollution is the leading worldwide cause of deaths and diseases and it accounts for the deaths of more than
14,000 people daily [1]. When toxic substances enter water bodies naturally or through any human activity, they
either get dissolved or lie suspended or deposited on the bed in water [2]. Organic pollutants and inorganic
pollutants manifest their toxic effects on the aquatic living community, cause wide range of environmental hazards
[3,4]. Among the pollutants, the heavy metal pollutions are in much concern due to its toxicity.
Heavy metals like Copper (Cu), Nickel (Ni) and Zinc (Zn) are essential micronutrients for plants, but in excess all
these metals are harmful to humans, animals and plants and not bio-degradable and tend to accumulate in living
organisms, causing diseases and disorders; as are the non essential metals, Lead (Pb), Cadmium (Cd) and Mercury
(Hg) [5]. These metals may emerge in a variety of wastewaters come from catalysts, electrical apparatus, painting,
extractive metallurgy, battery industries, photography, pyrotechnics, etc. [6]. Combustion of fossil fuels produces
the greatest contribution of nickel compounds in ambient air [7]. The main use of Ni is in the steel and Ni-Cd
batteries, and coins to replace silver.
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The accumulation of nickel in the body can lead to lung fibrosis, cardio vascular, kidney diseases and nickel’s
carcinogenic activity [8]. Nickel allergy in the form of contact dermatitis is the most common and well-known
reaction. In the present investigation the toxicities due to Nickel were reviewed and efforts were made to remove
them from water.
Common removal technologies of heavy metals are membrane separation, ion exchange, electrodeposition, and
chemical precipitation proved to be costly and ineffective, with sludge disposal problems [9], biological treatments,
membrane processes [10], advanced oxidation processes and adsorption procedures [11,12], which are the most
widely used technologies.
Among them, adsorption effectively removes contaminants in wastewater with high solute loadings and even at
dilute concentrations (<100 mg/L). Natural adsorbents for plant and animal waste like peat, banana pith, rice hull,
chitosan, waste wool, nut wastes, tree barks, modified cotton and saw dust etc. prove to be economical and effective
in removing a variety of contaminants [13,14]. The natural affinity of biological compounds for metallic elements
could contribute to the purification of metal loaded wastewater. Thus the biopolymer chitosan was selected in this
study to prepare a novel biosorbent by mixing with kenaf fiber for the removal the toxic metal nickel.
Chitosan is composed of both glucosamine and acetylglucosamine units and produced by the alkaline deacetylation
of chitin carrying positive charge which is biocompatible and biodegradable are of commercial interest because of
their high nitrogen content (6.89%) and their excellent properties as non-toxicity and adsorptive abilities [15-17].
Chitosan is a hydrophilic, natural cationic polymer and an effective ion exchanger, with large number of amino
groups responsible for high adsorption property of chitosan [18] and chemically functionalizable. This special
structure makes it exhibit chelation with various metal ions pointed out that chitosan combines with metal ions by
three forms; Ion exchange, sorption and chelation.
Chitosan and its products are used to remove all kinds of dyes and the adsorption of metal cations such as Pb, Cd,
Cu, Ni and oxyanions as well as complex metal ions by chitin and chitosan were investigated [19,20]. Chitosan
polyvinyl chloride beads (PVC beads), for the removal of Cu(II) and Ni(II) ion from aqueous medium through
adsorption studied by Srinivasa Popuri et al., [9].
Bio-composites are defined as composite materials that combine natural fibers such as sisal, jute, hemp, and kenaf
with either biodegradable or non-biodegradable polymers [21]. Natural fibers have many advantages include
biodegradability, hygroscopic, low density, high toughness, acceptable specific strength, reduced dermal and
respiratory irritation, low cost, and less use on non renewable resources [22,23]. Kenaf is one of the least expensive
natural fibers and, known to have the potential as a reinforcing fiber in thermoplastic composites, because of its
superior toughness and high aspect ratio in comparison to other fibers [24]. The main constituent of any plant fiber
is cellulose the natural homopolymer (polysaccharides), where D-glucopyranose rings are connected to each other
with (1,4)-glycosidic linkages. Simple chemical treatments like the alkali treatment leads to an increase in the
amount of amorphous cellulose [25] Chitosan/cotton fiber composites were prepared for the removal Pb(II), Ni(II),
Cd(II), Cu(II) [26].
Combining the biofibers with a biodegradable and renewable resource based polymer offers additional sustainability
benefits. In the present work kenaf fibers are combined with chitosan, due to their superior sustainability profile
from the perspective of Industrial ecology used as a biosorbent for uptake of Nickel ions. The prepared adsorbent
was characterized using FTIR and XRD to study its suitability for adsorption process. Adsorption was done under
batch mode; during adsorption the composite retains the polymer-metal complex. The results were discussed.
EXPERIMENTAL SECTION
Materials
Chitosan with 92% of deacetylated were purchased from India Sea Foods, Cochin, Kerala. Kenaf (Hibiscus
cannabinus) fiber from Vibrant Nature, Chennai. All other chemical were used are of Analytical grade.
Preparation of chitosan/kenaf fiber biocomposite
10g of chitosan was dissolved in 150 ml of acetic acid (8%) at room temperature and stirred for 30 minutes using a
vertical mechanical stirrer until viscous, transparent and homogeneous gel of chitosan was obtained. Kenaf
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(Hibiscus cannabinus) fiber was mercerized using 10% sodium hydroxide solution with mild agitation and washed
with water and dried. Fibers of required size were prepared by cutting the kenaf fiber using surgical knife. The
prepared chitosan gel was poured into petri dish and the required amount of kenaf fiber was spread over the gel for
the formation of chitosan/kenaf fiber biocomposite. Then the biocomposite was allowed to dry in room temperature.
The film formed was used for further analysis.
Characterization
FTIR studies
Fourier Transform Infra Red spectra of chitosan, kenaf fiber composites were recorded in the frequency range of
400 – 4000 cm-1 using Thermo Nicolet AVATAR 330 spectrophotometer. The samples were pressed into pellets
with KBr.
X – ray diffraction studies
X – ray diffractograms of powdered samples were obtained using a X - ray powder diffractometer (XRD –
SHIMADZU XD – D1) with Ni – filter, Cu Kα, radiation source. The relative intensity was recorded in the
scattering range 2θ of 100 – 900.
Batch experimental studies
Study of the metal ion retention properties of the chitosan/kenaf composites were carried out using a batch
equilibrium procedure. Solutions containing Ni(II) ions were prepared in distilled water. Batch experimental
studies were carried out with 1g of adsorbent in100 mL of Ni(II) solution of desired concentration at an optimum pH
5 in conical flasks. The flasks were agitated on an orbit mechanical shaker at 190 rpm for a known period of time at
room temperature. After attaining equilibrium, adsorbent was separated by filtration using Whatman filter paper and
the aqueous-phase concentration of metal was determined with atomic absorption spectrophotometer (Varian AAA
220 FS).
RESULTS AND DISCUSSION
FTIR studies
The FTIR spectrum of pure chitosan (Figure 1) showed a strong absorption band at 3454.75 cm-1 due to OH and
amine N-H symmetrical stretching vibrations. A peak at 2923.08 cm-1 was due to symmetric -CH2 stretching
vibration attributed to pyranose ring. A peak at 1156 cm-1 was assigned to the structure of saccharide. The sharp
peak at 1384.01 cm-1 was assigned to CH3 in amide group [27]. The broad peak at 1021.37 cm-1 and 1098.72 cm-1
indicate the C-O stretching vibration in chitosan and peaks at 1628.87 and 1540.02 cm-1 were due to -C=O
stretching (amide I) and NH bending (amide II). The absorption bands at 1151.84 cm-1 (anti symmetric stretching of
the C-O-C bridge) 1098.72 and 1021.37 cm-1 (skeletal vibration involving the C-O stretching) are characteristics of
chitosan polysaccharide structure. The spectral features of pure chitosan were in agreement with previous results
[28].
The FT-IR spectrum of the CS/KF composite showed a prominent peak at 3450.43cm-1 corresponding to –OH
stretching, -NH stretching, Intermolecular hydrogen bonding strong polymerization of chitosan/fiber. Peak at
2923.64 cm-1 correspond to aliphatic C-H stretching [32]. The peaks at 1626.27cm-1,1320.36 cm-1, 1221.30 cm-1,
1093.19 cm-1, 988.40cm-1 and 670.50 cm-1 were due to amide I band, C-O stretching, C-O-C linkage, C-N
stretching, N-H wagging and O-H out of plane bending vibrations respectively [29-31].
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Figure-1: FT-IR Spectrum of Chitosan
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Figure-2: FT-IR Spectrum of CS/KF composite (10:3)

From the results obtained in the region around 3400 cm-1, it can be said that the addition of kenaf fiber into chitosan
has significantly influenced the properties of chitosan through the formation of hydrogen bonding which increases
the intermolecular forces exist between chitosan and kenaf fiber.
X – ray diffraction studies
The X – ray diffraction patterns of the pure chitosan and composite of chitosan/kenaf showed in the figure 3. On
comparing the XRD pattern of biocomposite with pure chitosan, the reduction in the crystallinity was observed in
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the case of chitosan composites. After making the composites, two crystalline peaks 21.96 and 40.56 (2θ) were
observed [33,34]. The calculated crystallinity index (CI) values of the composite is 21.6%, for the sample. The
more amorphous nature of that composite is essential for the adsorption of heavy metal.

Figure 3: XRD pattern of (a) chitosan; (b) CS/KF composite

Batch adsorption studies
Effect of adsorbent dose
Adsorbent dosage is an important parameter because it determines the capacity of an adsorbent for a given initial
concentration of the adsorbate. The effect of adsorbent dosage (figure 4) was studied on Ni(II) ion removal from
aqueous solutions by varying the amount of CS/KF composite from 0.5 to 3.0 g/L, while keeping other parameters
(pH and contact time) constant. It is observed that removal efficiency of the adsorbent generally improved by
increasing its dosage. This is expected due to the fact that the higher dose of adsorbents in the solution, the greater
availability of exchangeable sites for the ions. The maximum percentage removal of Ni (II) it was 81% at the dosage
of 3 g. This result also suggested that after a certain dose of adsorbent, the maximum adsorption sets in and hence
the amount of ions bound to the adsorbent and the amount of free ions in the solution remain constant even with
further addition of the dose of adsorbent [35,36].
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Figure 4: Effect of adsorbent dose on removal of Nickel by chitosan/kenaf fiber composite
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Effect of pH
The metal sorption and percentage removal from the aqueous solution are strongly affected by the pH of the solution
[37] and was studied by performing equilibrium sorption tests at different pH values. Adjustments to pH were made
with 0.1 mol·dm-3 NaOH or 0.1 mol·dm-3 HCl. During these tests the metal concentration (200 mg·l-1), the amount
of chitosan/kenaf composite (1g), the stirring speed (190 rpm·min-1) and the temperature (30°C) were kept constant.
Sample solutions of Nickel were taken in the measuring flasks the pH was adjusted from 4 to 8. Flasks were agitated
on orbital shaker (top loaded) for one hour results (figure 5) shows that there was a change in the percentage
removal of Nickel over the range of 4 to 8. The Nickel uptake increased with increasing pH to the maximum at pH
5, and then decreased with higher pH value. The optimum adsorption onto CS/KF composite was observed at pH 5,
89%for Nickel. After this at higher pH the adsorption decreased.
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Figure 5: Effect of pH on removal of Nickel by chitosan/kenaf fiber composite

Effect of contact time
Uptake of the ion Nickel with increasing contact time by the chitosan/kenaf fiber composite was studied the
efficiency increased with increase in time of contact, due to the availability of more time for metal ions to make an
attractive complex with the composite. Initial removal occurs immediately as soon as the metal and composite came
into contact and after some time further increase in contact time did not increase the uptake due to decrease of the
easily available active sites for the binding of metal ions, and the equilibrium was reached. This result is important,
as equilibrium time is one of the important parameters for an economical wastewater treatment system [38].
The kinetic curve for Ni2+ ions showed that the adsorption onto the CS/KF fiber composite was initially rapid, and
reached equilibrium after approximately 3 hrs given in figure 6. Initially, a large number of vacant surface sites
were available for adsorption; the adsorption rate was very fast, thus it rapidly increased the amount of adsorbates
accumulated on the composite surface mainly within the first hour of adsorption. The equilibrium was attained due
to the limited mass transfer of the adsorbate molecules from the bulk liquid to the external surface of the composite
[39].
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Figure 6: Effect of contact time on removal of Nickel by chitosan/kenaf fiber composite

Adsorption isotherm
The sorption of nickel ions was carried out by varying the parameters such as adsorbent dose, contact time, pH and
initial metal ion concentration. The sorption data can be interpreted to describe the distribution of metal ion between
the biomaterial and the liquid phase. The utilization of various isotherm models rests solely on the adequacy
between the experimentally observed tendencies and the shape of the mathematical laws associated with these
models. These models can be used to design and optimize an operating procedure [40].
Langmuir, [41] and Freundlich, [42] sorption models are commonly used to fit experimental data when solute
uptake occurs by a monolayer and multilayer sorption. These models were tested in the present work. This modeling
permits us to determine the maximum capacity of removal of adsorbate. The quality of the isotherm fit to the
experimental data is typically assessed based on the magnitude of the correlation coefficient for the regression; i.e.
the isotherm giving an R2 value closest to unity is deemed to provide the best fit.
Langmuir Isotherm
The Langmuir equation (Eq. (1)), which is valid for monolayer sorption on a surface containing a limited number of
sites, predicting a homogeneous distribution of sorption energies, is expressed as:
Cads = (KLCeq)/(1 + bCeq)

(3)

In this study the following linearised form of the Langmuir isotherm was used.
Ceq/Cads = bCeq/KL + 1/KL

(4)

and
Cmax = KL/b

(5)

where:
Cads = amount of metal ion adsorbed (mg·g-1)
Ceq = equilibrium concentration of metal ion in solution (mg·dm-3)
KL = Langmuir constant (dm3·g-1)
b = Langmuir constant (dm3·mg)
Cmax = maximum metal ion to adsorb onto 1 g chitosan (mg·g-1)
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The constant b in the Langmuir equation is related to the energy or the net enthalpy of the sorption process. The
constant KL can be used to determine the enthalpy of adsorption. A plot of Ceq/Cads vs. Ceq yielded a straight line
confirming the applicability of the Langmuir adsorption isotherm (figure 7).
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Figure – 7: Langmuir plot for the adsorption of Ni(II) ion onto CS/KF composite

The plot of Ce/qe against Ce for the experimental data of Nickel ion adsorption onto the CS/KF fiber composite can
be fitted to the Langmuir isotherm model very well. From the slope and the intercept, the values of Cmax and KL can
be estimated. Langmuir isotherms constants for Nickel are given in Table 1. The Linear Langmuir plot indicates the
formation of monolayer coverage of adsorbate on the surface of adsorbent.
Table 1: Adsorption isotherm constant, Cmax and correlation coefficients
Metal ions
Ni(II)

KL (dm3/g)
0.6364

Langmuir constants
b (dm3/mg) Cmax (mg/g)
0.009021
70.55

R2
0.8916

Cmax value was found to be 70.55 mg/g and the R2 value was close to 1, showing the good correlations with the
Langmuir equation under the concentration studies.
The essential features of a Langmuir isotherm can be expressed in terms of a dimensionless constant separation
factor or equilibrium parameter, RL is used to predict if an adsorption system is “favourable” or “unfavourable” [43].
The separation factor, RL is defined by:
RL

1
= --------------1 + bCf

(12)

where Cf is the final Cu(II) and Ni(II) concentration (mg/dm3) and b is the Langmuir adsorption equilibrium
constant (dm3/mg). The values of RL calculated for different Ni(II) concentration are given in Table 2. If the RL
values are in the range of 0 < RL < 1, it indicated that the adsorption of Ni(II) onto CS/KF fiber composite was
favourable adsorbent. The Langmuir isotherm model assumed that the adsorbed layer was one molecule in thickness
and that all adsorption sites had equal energies and enthalpies of adsorption given in Table 2
Table 2: RL values based on Langmuir adsorption
Metal ion

Ni (II)

Initial concentration C0 (mg/dm3)
1000
500
250
150
50

Final concentration Cf (mg/dm3)
174.2
61.26
24
10.24
1.6
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Freundlich Isotherm
A brief empirical equation often used to represent adsorption data is called the Freundlich equation. The Freundlich
isotherm describes physical adsorption from liquids. The exponent 1/n is an index of the diversity of free energies
associated with the adsorption of the solute by multiple components of a heterogeneous adsorbent.
The good fit of Freundlich isotherm to an adsorption system means there is almost no limit to the amount adsorbed
and there is a multilayer adsorption. The applicability of the Freundlich equation to a particular case was tested by
plotting log Cads vs. log Ceq from the logarithmic form of Equation 7 (figure 8).
The Freundlich equation (Eq. 6) which was used to describe heterogeneous surface energies was expressed as:
Cads = KfCeq1/n

(6)

In this study the following linearised form of the Freundlich equation was used.
log Cads = log Kf + 1/n log Ceq

(7)

where;
Cads = amount of metal ion adsorbed (mg·g-1)
Ceq = equilibrium concentration in solution (mg·dm-3)
1/n = Freundlich constant (mg·g-1)
Kf = Freundlich constant (g·dm-3)
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Figure –8: Freundlich plot for the adsorption of Nickel onto CS/KF composite
Table 3: Freundlich isotherm constants for the adsorption of Ni(II) onto CS/KF composites
Metal ion
Ni (II)

Freundlich constants
Kf
N
R2
3.5011 1.6464 0.9983

It is evident that the values of 1/n and Kf, which are rough measurements of the adsorption intensity and adsorption
capacity of the adsorbent, have been determined by the least-square fit and were found to be for Nickel the values
are 0.5611 to 0.6536 mg·g-1 and 0.4750 to 0.6133 g·dm-3. The R2 values are found to be 0.9983, which showed the
best fit. The 1/n value suggested that the adsorption forces of Ni (II) acting on the surface of the chitosan/ kenaf
composite was stronger.
Kinetic parameters
In order to examine the controlling mechanism of the adsorption process such as mass transfer and chemical
reaction, kinetic models were used to test the experimental data. The kinetics of metal ion adsorption on the CS/KF
composite was determined with three different kinetic models, i.e., the pseudo-first and pseudo-second order and the
intra-particle diffusion model.
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The pseudo-first order equation of Lagergren (Eq. 8) is one of the most widely used equations, being the first rate
equation developed for sorption in liquid/solid systems [44].
Log (qe-qt) = log qe –

K1
t
2.303

(8)

where qe and qt are the amounts of ion metalic adsorbed at equilibrium (mmol/g) and at time t, respectively, and k1
is the rate constant of pseudo-first order sorption (g/mmol min). The slopes and intercepts of plots of log (qe −qt)
versus t (Figure 9) were used to determine the pseudo-first order rate constant k1 and qe, the values obtained were
presented in Table 4.
The adsorption data were also treated according to the pseudo-second-order kinetics (Eq. 9) because it was shown to
be more likely to predict the behavior over the whole range of adsorption being based on the assumption that the
rate-determining step may be a chemical sorption involving valence forces through sharing or exchange of electrons
between adsorbent and sorbate [45].
t
1
---- = ------- +
qt
k2qe2

t
----qe

(9)

where k2 is the rate constant of pseudo-second order sorption (g/mmol.min). The values of qe and k2 were obtained
from the slope and intercept of the straight line obtained by plotting t/qt against t (Figure 10).
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Figure –9: Pseudo-first-order kinetics for Nickel
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Figure –10: Pseudo-second-order kinetics for Nickel
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Table 4: Comparison between Lagergren pseudo-first-order and pseudo-second-order kinetic models for Ni(II) sorption by CS/KF
Metal ion
Ni (II)

Pseudo-first-order kinetic model
qe (mg/g) k1 (min-1)
R2
1043.3
0.001314
0.9555

Pseudo-second-order kinetic model
qe (mg/g) k2 (g mg-1 min-1)
R2
10.67
0.005724
0.9999

The results obtained from pseudo-first-order kinetics demonstrated that the experimental qe (mg. g-1) values did not
agree well with the calculated values obtained from the linear plots. The correlation coefficient, R2 of pseudo first
order kinetics for Ni(II) is 0.9555 . This confirmed that it is not appropriate to use the Lagergren first order kinetic
model to predict the adsorption kinetics for Ni(II) onto CS/KF composite for the entire sorption period.
On the contrary, the correlation coefficient, R2 for the second order kinetic model were almost equal to unity for all
Nickel concentrations indicating the applicability of the model. It has appeared that the system under study is more
appropriately described by pseudo second order kinetics which was based on the assumption that the rate limiting
step may be chemisorptions involving valency forces through sharing and exchange of electrons.
Intraparticle diffusion
The results were also analyzed interms intraparticle diffusion model to investigate whether the intraparticle diffusion
is the rate controlling step in adsorption of Ni(II) on CS/KF composites. The model proposed by Weber and Morris,
[46] can be written as,
qt = kidt1/2+C

(10)

where Kid (mg g-1 min-1/2) is the rate constant of intraparticle diffusion. The Weber–Morris plots for adsorption of
Ni(II) given in Figure11. If the intraparticle diffusion is the sole rate determining step, the plots of qt vs. t1/2 should
be linear and pass through the origin. The plots in the figure 11 are multilinear with three distinct regions indicating
three different kinetic mechanisms.
For intraparticle diffusion plots, the first, sharper region was the instantaneous adsorption or external surface
adsorption. The second region was the gradual adsorption stage where intraparticle diffusion is the rate limiting. In
some cases, the third region existed, which was the final equilibrium stage where intraparticle diffusion started to
slow down due to the extremely low adsorbate concentrations left in the solutions [47]. As seen from Figure 11 the
plots were not linear over the whole time range, implying that more than one process affected the adsorption.

Figure –11: Weber – Morries plots for adsorption of Ni(II) ion on CS/KF composite

CONCLUSION
This study shows that the chitosan/kenaf fiber bio-composite could be used as an efficient biosorbent with good
metal-binding capacity for the removal of nickel ions from aqueous solutions. The effects of adsorbent dosage,
contact time and pH of the medium on adsorption efficiency of chitosan/kenaf fiber bio-composite studied. The
maximum adsorption occurred at the optimum pH of 5. The data were in good agreement with Freundlich isotherms
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than Langmuir isotherm. According to regression coefficient the Freundlich adsorption isotherm was more fitted for
nickel than Langmuir. The adsorption kinetics followed the pseudo-second-order equation for system studied.This
adsorbent can be a good candidate for adsorption of not only nickel ions but also other heavy metal ions in
wastewater stream. Adsorption capacity for Ni(II) is comparable to literature values (70.55 mg-1).
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