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ABSTRACT

Removal of toxic metal contaminants from wastewhts been a cause of major concern. Much atterttias
recently been focused on various biosorbent mdteriihe present study aimed to prepare the biosdrbe
chitosan/kenaf fiber bio-composite for the remowél toxic heavy metal Nickel(ll) ions from the swtit
wastewater. The prepared adsorbent was charactniming FTIR and XRD to study its suitability arahfirms
the formation of the biocomposite by the chemieaws physical changes. Adsorption was done unatehbmode
to investigate the parameters such as initial méatal concentration, contact time, adsorbent dosd pH which
affects the adsorption process. The maximum adsorggpacity of chitosan can be estimated to batgrethan
70.55 mg-g for Ni(ll) ions and the removal was high at pH The experimental data was modeled using the
Langmuir and Freundlich adsorption isotherms ané #dsorption kinetics were tested using pseudodider,
pseudo-second-order and intraparticle diffusion eled Kinetic studies showed that the adsorptiohofzed
pseudo-second-order reaction with regard to theaiparticle diffusion rate. The results were disass

Key words: chitosan/kenaf bio-composite, adsorption, nickeifns, isotherms, intraparticle diffusion

INTRODUCTION

Water pollution is the leading worldwide cause ehths and diseases and it accounts for the dehthsre than
14,000 people daily [1]. When toxic substances rewier bodies naturally or through any human #gtithey
either get dissolved or lie suspended or depositedhe bed in water [2]. Organic pollutants andrgamic
pollutants manifest their toxic effects on the dgubiving community, cause wide range of enviromta hazards
[3,4]. Among the pollutants, the heavy metal pating are in much concern due to its toxicity.

Heavy metals like Copper (Cu), Nickel (Ni) and Zig@n) are essential micronutrients for plants, inuéxcess all
these metals are harmful to humans, animals amdspknd not bio-degradable and tend to accumutating
organisms, causing diseases and disorders; abear®h essential metals, Lead (Pb), Cadmium (Cd)Mercury
(Hg) [5]. These metals may emerge in a variety aft@waters come from catalysts, electrical appsrainting,
extractive metallurgy, battery industries, photg@dma pyrotechnics, etc. [6]. Combustion of fossiéls produces
the greatest contribution of nickel compounds irbemt air [7]. The main use of Ni is in the steeldaNi-Cd
batteries, and coins to replace silver.
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The accumulation of nickel in the body can leaduag fibrosis, cardio vascular, kidney diseased aitkel’s

carcinogenic activity [8]. Nickel allergy in the rfa of contact dermatitis is the most common and-kebwn

reaction. In the present investigation the toidsitdue to Nickel were reviewed and efforts werelento remove
them from water.

Common removal technologies of heavy metals are bn@me separation, ion exchange, electrodeposidod,
chemical precipitation proved to be costly andfieetfve, with sludge disposal problems [9], bidtad treatments,
membrane processes [10], advanced oxidation presessd adsorption procedures [11,12], which agentbst
widely used technologies.

Among them, adsorption effectively removes contamis in wastewater with high solute loadings anenest
dilute concentrations (<100 mg/L). Natural adsotbdor plant and animal waste like peat, banana pite hull,
chitosan, waste wool, nut wastes, tree barks, neatldfotton and saw dust etc. prove to be econoraiwdleffective
in removing a variety of contaminants [13,14]. Tietural affinity of biological compounds for metalelements
could contribute to the purification of metal loddeastewater. Thus the biopolymer chitosan wasceslen this
study to prepare a novel biosorbent by mixing Withaf fiber for the removal the toxic metal nickel.

Chitosan is composed of both glucosamine and apetgsamine units and produced by the alkaline etghation
of chitin carrying positive charge which is biocompatiblel dmodegradable are of commercial interest becatise
their high nitrogen content (6.89%) and their ebarl properties as non-toxicity and adsorptiveitdd [15-17].
Chitosan is a hydrophilic, natural cationic polynard an effective ion exchanger, with large numifeamino
groups responsible for high adsorption propertycbitosan [18] and chemically functionalizable. Tisigecial
structure makes it exhibit chelation with varioustat ions pointed out that chitosan combines wittahions by
three forms; lon exchange, sorption and chelation.

Chitosan and its products are used to remove radiskof dyes and the adsorption of metal catioeshk sis Pb, Cd,
Cu, Ni and oxyanions as well as complex metal loyp<hitin and chitosan were investigated [19,20Chitosan
polyvinyl chloride beads (PVC beads), for the realoef Cu(ll) and Ni(ll) ion from agueous medium diigh

adsorption studied by Srinivasa Popuri et al., [9].

Bio-composites are defined as composite mateiteas dombine natural fibers such as sisal, jute,heand kenaf
with either biodegradable or non-biodegradable mpelss [21]. Natural fibers have many advantagesudel
biodegradability, hygroscopic, low density, highugbness, acceptable specific strength, reduced atieanmd
respiratory irritation, low cost, and less use on nenewable resources [22,23]. Kenaf is one ofdhst expensive
natural fibers and, known to have the potentiahaginforcing fiber in thermoplastic compositescdngse of its
superior toughness and high aspect ratio in comsario other fibers [24]. The main constituent § alant fiber
is cellulose the natural homopolymer (polysacclewjdwhere D-glucopyranose rings are connecteédab ether
with (1,4)-glycosidic linkages. Simple chemical atments like the alkali treatment leads to an iaseein the
amount of amorphous cellulose [25] Chitosan/coftbar composites were prepared for the removallRb{i(11),
Cd(ll), Cu(ll) [26].

Combining the biofibers with a biodegradable antkreable resource based polymer offers additiorethguability
benefits. In the present work kenaf fibers are doedb with chitosan, due to their superior sustaiitglprofile
from the perspective of Industrial ecology useda biosorbent for uptake of Nickel iofi$ie prepared adsorbent
was characterized using FTIR and XRD to study uitability for adsorption process. Adsorption wamed under
batch mode; during adsorption the composite rethi@polymer-metal complex. The results were diseds

EXPERIMENTAL SECTION
Materials
Chitosan with 92% of deacetylated were purchased findia Sea Foods, Cochin, Kerala. Kenidfb{scus
cannabinu}fiber from Vibrant Nature, Chennai. All other chieal were used are of Analytical grade.
Preparation of chitosan/kenaf fiber biocomposite

10g of chitosan was dissolved in 150 ml of acetid #3%) at room temperature and stirred for 30utén using a
vertical mechanical stirrer until viscous, trangwarand homogeneous gel of chitosan was obtaineshak
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(Hibiscus cannabinysfiber was mercerized using 10% sodium hydroxide@tn with mild agitation and washed
with water and dried. Fibers of required size werepared by cutting the kenaf fiber using surgiagfe. The
prepared chitosan gel was poured into petri dightha required amount of kenaf fiber was spread the gel for
the formation of chitosan/kenaf fiber biocompositeen the biocomposite was allowed to dry in roemgerature.
The film formed was used for further analysis.

Characterization

FTIR studies

Fourier Transform Infra Red spectra of chitosamafeiber composites were recorded in the frequeatige of
400 — 4000 cm using Thermo Nicolet AVATAR 330 spectrophotomefEne samples were pressed into pellets
with KBr.

X — ray diffraction studies

X — ray diffractograms of powdered samples wereaioled using a X - ray powder diffractometer (XRD —
SHIMADZU XD - D1) with Ni — filter, Cu K, radiation source. The relative intensity was rded in the
scattering rangetof 10 — 90.

Batch experimental studies

Study of the metal ion retention properties of tttétosan/kenaf composites were carried out usingath
equilibrium procedure. Solutions containing Ni(lgns were prepared in distilled water. Batch expental
studies were carried out with 1g of adsorbent ind@0of Ni(ll) solution of desired concentrationat optimum pH
5 in conical flasks. The flasks were agitated omgsit mechanical shaker at 190 rpm for a knowriggeof time at
room temperature. After attaining equilibrium, adismt was separated by filtration using Whatmaerfipaper and
the aqueous-phase concentration of metal was deedmvith atomic absorption spectrophotometer (SfaAA
220 FS).

RESULTS AND DISCUSSION

FTIR studies

The FTIR spectrum of pure chitosafigure 1) showed a strong absorption band at 3454.73 doe to OH and
amine N-H symmetrical stretching vibrations. A peatk2923.08 cm was due to symmetric -GHstretching
vibration attributed to pyranose ring. A peak ab@Im® was assigned to the structure of saccharide. Mhes
peak at 1384.01 cihwas assigned to GHn amide group [27]. The broad peak at 1021.37 emd 1098.72 cth
indicate the C-O stretching vibration in chitosand peaks at 1628.87 and 1540.02'cwere due to -C=0
stretching (amide 1) and NH bending (amide II). Etsorption bands at 1151.84 tifanti symmetric stretching of
the C-O-C bridge) 1098.72 and 1021.37cfskeletal vibration involving the C-O stretchiraye characteristics of
chitosan polysaccharide structure. The spectralfes of pure chitosan were in agreement with pieviresults
[28].

The FT-IR spectrum of the CS/KF composite showeataminent peak at 3450.43gncorresponding to —OH
stretching, -NH stretching, Intermolecular hydrogeonding strong polymerization of chitosan/fiberakR at
2923.64 cnt correspond to aliphatic C-H stretching [32]. Theaks at 1626.27c¢m1320.36 cnt, 1221.30 cr,
1093.19 cnt, 988.40crit and 670.50 cfh were due to amide | band, C-O stretching, C-Otkdge, C-N
stretching, N-H wagging and O-H out of plane begdiibrations respectively [29-31].
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Figure-2: FT-IR Spectrum of CS/KF composite (10:3)

From the results obtained in the region around 3#08, it can be said that the addition of kenaf fibepichitosan
has significantly influenced the properties of abén through the formation of hydrogen bonding Wwhicreases
the intermolecular forces exist between chitosahkamaf fiber.

X — ray diffraction studies
The X — ray diffraction patterns of the pure chitosand composite of chitosan/kenaf showed in tperdi 3. On

comparing the XRD pattern of biocomposite with pahitosan, the reduction in the crystallinity wdsserved in

413



P. N. Sudhaet al J. Chem. Pharm. Res,, 2015, 7(5):410-422

the case of chitosan composites. After makingctmposites, two crystalline peaks 21.96 and 4028% \Were
observed [33,34]. The calculated crystallinitdes (Cl) values of the composite is 21.6%, for saenple. The
more amorphous nature of that composite is esséntithe adsorption of heavy metal.

@
a S 350
= =
5 14004 «
8 300 21.96
= 4056
=
ad Z 250
8 2
@
700+ E 200
150 |
100
04
50 |
= T T T T T T T T T T 1
a0 60 0 10 20 30 40 50 60 70 80 90
2 Theta 2 theta

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

Batch adsorption studies
Effect of adsorbent dose

Adsorbent dosage is an important parameter bedadstermines the capacity of an adsorbent forvarginitial
concentration of the adsorbate. The effect of dusurdosage (figure 4) was studied on Ni(ll) iomosal from
aqueous solutions by varying the amount of CS/Kimpasite from 0.5 to 3.0 g/L, while keeping othergraeters
(pH and contact time) constant. It is observed thanoval efficiency of the adsorbent generally ioyed by
increasing its dosage. This is expected due tdattethat the higher dose of adsorbents in thetisoluthe greater
availability of exchangeable sites for the ionse Thaximum percentage removal of Ni (Il) it was 8a4®the dosage
of 3 g. This result also suggested that after tatredose of adsorbent, the maximum adsorptioniseasd hence

the amount of ions bound to the adsorbent and mfi@uat of free ions in the solution remain constwegn with
further addition of the dose of adsorbent [35,36].
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Figure 4: Effect of adsorbent doseon removal of Nickel by chitosan/kenaf fiber compdte
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Effect of pH

The metal sorption and percentage removal fronatheous solution are strongly affected by the pthefsolution
[37] and was studied by performing equilibrium sanp tests at different pH values. Adjustments tbwere made
with 0.1 mol-drif NaOH or 0.1 mol-dm HCI. During these tests the metal concentratid® (&g-1"), the amount

of chitosan/kenaf composite (1g), the stirring sb€90 rpm-miit) and the temperature (30°C) were kept constant.
Sample solutions of Nickel were taken in the meagutasks the pH was adjusted from 4 to 8. Flag&se agitated

on orbital shaker (top loaded) for one hour res(figure 5) shows that there was a change in threepg¢age
removal of Nickel over the range of 4 to 8. TheReicuptake increased with increasing pH to the maxn at pH

5, and then decreased with higher pH value. Thenojpt adsorption onto CS/KF composite was obsertvgdHab,
89%for Nickel. After this at higher pH the adsooptidecreased.

90.0
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Figure 5: Effect of pH on removal of Nickel by chitosan/kenaf fiber compate

Effect of contact time

Uptake of the ion Nickel with increasing contaahéi by the chitosan/kenaf fiber composite was stlidie

efficiency increased with increase in time of caettaue to the availability of more time for meiahs to make an
attractive complex with the composite. Initial reraboccurs immediately as soon as the metal angosite came
into contact and after some time further increaseointact time did not increase the uptake duectwedhse of the
easily available active sites for the binding oftahéons, and the equilibrium was reached. Thsslteés important,

as equilibrium time is one of the important pararefor an economical wastewater treatment syss&in [

The kinetic curve for N ions showed that the adsorption onto the CS/KErfidmmposite was initially rapid, and
reached equilibrium after approximately 3 hrs giwerfigure 6. Initially, a large number of vacasrface sites
were available for adsorption; the adsorption s very fast, thus it rapidly increased the amairadsorbates
accumulated on the composite surface mainly withénfirst hour of adsorption. The equilibrium watmed due
to the limited mass transfer of the adsorbate nubdscfrom the bulk liquid to the external surfadehe composite
[39].
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Figure 6: Effect of contact timeon removal of Nickel by chitosan/kenaf fiber compate

Adsorption isotherm

The sorption of nickel ions was carried out by uagythe parameters such as adsorbent dose, comtagtpH and
initial metal ion concentration. The sorption dete be interpreted to describe the distributiometal ion between
the biomaterial and the liquid phase. The utilzatiof various isotherm models rests solely on thegaacy
between the experimentally observed tendenciestlaadshape of the mathematical laws associated tivithe
models. These models can be used to design andipptan operating procedure [40].

Langmuir, [41] and Freundlich, [42] sorption modaiee commonly used to fit experimental data wheluteo
uptake occurs by a monolayer and multilayer somptithese models were tested in the present woik.mbdeling

permits us to determine the maximum capacity ofaeah of adsorbate. The quality of the isothermtditthe

experimental data is typically assessed based @mtgnitude of the correlation coefficient for tegression; i.e.
the isotherm giving anRvalue closest to unity is deemed to provide thst fie

Langmuir Isotherm
The Langmuir equation (Eg. (1)), which is valid fapnolayer sorption on a surface containing a éthihumber of

sites, predicting a homogeneous distribution opson energies, is expressed as:
Cads= (KLCecD/(l + bCecD (3)

In this study the following linearised form of thangmuir isotherm was used.

Ce({Cads: bC(a({KL + 1/KL (4)
and

Crmax = Ku/b (%)
where:

Cads= amount of metal ion adsorbed (md) g

Ceq = equilibrium concentration of metal ion in sobrti(mg- dri¥)
K, = Langmuir constant (dfng™)

b = Langmuir constant (dhmg)

Cumax = Maximum metal ion to adsorb onto 1 g chitosag-
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The constant b in the Langmuir equation is reldatethe energy or the net enthalpy of the sorptimocess. The
constant K can be used to determine the enthalpy of adsorpfioplot of G4/C.us vs. Gq yielded a straight line
confirming the applicability of the Langmuir adstigm isotherm (figure 7).
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Figure — 7: Langmuir plot for the adsorption of Ni(ll) ion onto CS/KF composite

The plot of G/qge against ¢for the experimental data of Nickel ion adsorpt@ro the CS/KF fiber composite can
be fitted to the Langmuir isotherm model very wellom the slope and the intercept, the values,@f &d K can
be estimated. Langmuir isotherms constants for &liake given in Table.IThe Linear Langmuir plot indicates the
formation of monolayer coverage of adsorbate orsthiéace of adsorbent.

Table 1: Adsorption isotherm constant, G.ax and correlation coefficients

Metal ions Langmuir constants
K. (dmg) | b (dnP/img) | Crax(mg/g) R
Ni(ll) 0.6364 0.009021 70.55 0.8916

Cmax Value was found to be 70.55 mg/g and tHevBlue was close to 1, showing the good correlatiaith the
Langmuir equation under the concentration studies.

The essential features of a Langmuir isotherm carexpressed in terms of a dimensionless constgatrateon
factor or equilibrium parameter, B used to predict if an adsorption system iséfaable” or “unfavourable” [43].
The separation factor, Rs defined by:

RL = mmmmmmmmmmmmee (12)

where G is the final Cu(ll) and Ni(ll) concentration (nagn®) and b is the Langmuir adsorption equilibrium
constant (drfimg). The values of Rcalculated for different Ni(ll) concentration agéven in Table 2. If the R
values are in the range of 0 € R 1, it indicated that the adsorption of Ni(ll)tonCS/KF fiber composite was
favourable adsorbent. The Langmuir isotherm mosdgslimed that the adsorbed layer was one molectiéckness
and that all adsorption sites had equal energidsathalpies of adsorption given in Table 2

Table 2: R, values based on Langmuir adsorption

Metal ion | Initial concentration Co(mg/dm®) | Final concentration G (mg/dm®) | R, values
1000 174.2 0.7259
500 61.26 0.8828
Ni (I1) 250 24 0.9506
150 10.24 0.9783

5C 1.6 0.996¢
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Freundlich Isotherm

A brief empirical equation often used to represmgorption data is called the Freundlich equaffdre Freundlich
isotherm describes physical adsorption from liquitise exponent 1/n is an index of the diversityfret energies
associated with the adsorption of the solute bytipialcomponents of a heterogeneous adsorbent.

The good fit of Freundlich isotherm to an adsonptiystem means there is almost no limit to the arhadsorbed
and there is a multilayer adsorption. The applidgoof the Freundlich equation to a particular €agas tested by
plotting log GgsVs. log G from the logarithmic form of Equation 7 (figure. 8)

The Freundlich equation (Eq. 6) which was usedescdbe heterogeneous surface energies was expsse
Cags= KfCeql/n (6)

In this study the following linearised form of tResundlich equation was used.

log Cags= log K; + 1/n log G (7)

where;

Cags= amount of metal ion adsorbed (mg) g

Ceq= equilibrium concentration in solution (mg-dm
1/n = Freundlich constant (mg‘g

K; = Freundlich constant (g-dh

2.5

0.0 T T T T 1
0.0 0.5 1.0 15 2.0 2.5

log C,

Figure —8: Freundlich plot for the adsorption of Nickel onto CS/KF composite

Table 3: Freundlich isotherm constants for the adsgtion of Ni(ll) onto CS/KF composites

Freundlich constants
K N R?
Ni (11) 3.5017 | 1.646¢ | 0.998:

Metal ion

It is evident that the values of 1/n ang Which are rough measurements of the adsorpti@msity and adsorption
capacity of the adsorbent, have been determingtidojeast-square fit and were found to be for Blictke values
are 0.5611 to 0.6536 mg*@nd 0.4750 to 0.6133 g-dmThe R values are found to be 0.9983, which showed the
best fit. The 1/n value suggested that the adsmrgtrces of Ni (II) acting on the surface of thatosan/ kenaf
composite was stronger.

Kinetic parameters

In order to examine the controlling mechanism af #dsorption process such as mass transfer andicahem
reaction, kinetic models were used to test the éxgatal data. The kinetics of metal ion adsorpionthe CS/KF
composite was determined with three different kinetodels, i.e., the pseudo-first and pseudo-secoder and the
intra-particle diffusion model.
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The pseudo-first order equation of Lagergren (Bgs®&ne of the most widely used equations, belgfirst rate
equation developed for sorption in liquid/solidteyas [44].

K
Log (a-q) = log g — L_¢
g (o-a) gG 5.303 @

where ge and gt are the amounts of ion metalicradsloat equilibrium (mmol/g) and at time t, respesgy, and k1
is the rate constant of pseudo-first order sorp(@mmol min). The slopes and intercepts of pldtéog (qe —qt)
versus t(Figure 9 were used to determine the pseudo-first ordercatstant k and g, the values obtained were

presented in Table 4.

The adsorption data were also treated accorditigetpseudo-second-order kinetics (Bgbecause it was shown to
be more likely to predict the behavior over the iehmnge of adsorption being based on the assumiat the
rate-determining step may be a chemical sorptigaliing valence forces through sharing or exchamifgelectrons
between adsorbent and sorbate [45].

———— T e + - (9)

where k is the rate constant of pseudo-second order sorfg/mmol.min). The values of @nd k were obtained
from the slope and intercept of the straight libtated by plotting t/icagainst 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-firstrder and pseudo-second-order kinetic models for Iil) sorption by CS/KF

Metal ion Pseudo-first-order kinetic model Pseudo-second-ordéinetic model
ge(mg/g) | k(min®) | R® | ge(mg/g)| k(gmg'min?) | R’
Ni (I1) 1043.3 0.001314| 0.9554 10.67 0.005724 0999

The results obtained from pseudo-first-order kireetiemonstrated that the experimental ge (Mpvalues did not
agree well with the calculated values obtained fthmlinear plots. The correlation coefficienf, & pseudo first
order kinetics for Ni(ll) is 0.9555 . This confirmi¢hat it is not appropriate to use the Lagergiest érder kinetic
model to predict the adsorption kinetics for Ni@ghto CS/KF composite for the entire sorption perio

On the contrary, the correlation coefficienf, fBr the second order kinetic model were almostétu unity for all
Nickel concentrations indicating the applicabilitf’the model. It has appeared that the system wsiddy is more
appropriately described by pseudo second ordetiksehich was based on the assumption that theeliraiting

step may be chemisorptions involving valency fottesugh sharing and exchange of electrons.

Intraparticle diffusion

The results were also analyzed interms intrapartiffusion model to investigate whether the intndigle diffusion
is the rate controlling step in adsorption of Ni@h CS/KF composites. The model proposed by WehdrMorris,
[46] can be written as,

G = kat>+C (20)

where K4 (mg g* min™?) is the rate constant of intraparticle diffusidine Weber—Morris plots for adsorption of
Ni(ll) given in Figurell If the intraparticle diffusion is the sole ratetefenining step, the plots of ys. £ should
be linear and pass through the origin. The plothénfigure 11 are multilinear with three distimegions indicating
three different kinetic mechanisms.

For intraparticle diffusion plots, the first, sharpregion was the instantaneous adsorption or reatesurface
adsorption. The second region was the gradual ptisorstage where intraparticle diffusion is theerémiting. In

some cases, the third region existed, which waditia¢ equilibrium stage where intraparticle diffois started to
slow down due to the extremely low adsorbate comagans left in the solutions [47]. As seen fromgure 11 the
plots were not linear over the whole time rangeglyimg that more than one process affected theratea.

154
12 R*=0.97

a{mgeg-1)
[
(#'s]
(=]

tY/2 (min)1/2

Figure —11: Weber — Morries plots for adsorption ofNi(Il) ion on CS/KF composite
CONCLUSION

This study shows that the chitosan/kenaf fiber dmoiposite could be used as an efficient biosorbetit good
metal-binding capacity for the removal of nickehsofrom aqueous solutions. The effects of adsordestge,
contact time and pH of the medium on adsorptioicieficy of chitosan/kenaf fiber bio-composite sadli The
maximum adsorption occurred at the optimum pH ofte data were in good agreement with Freundlicthesms
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than Langmuir isotherm. According to regressionffacient the Freundlich adsorption isotherm was enfitted for
nickel than Langmuir. The adsorption kinetics faltl the pseudo-second-order equation for systediestI his
adsorbent can be a good candidate for adsorptionobfonly nickel ions but also other heavy metaisidn
wastewater stream. Adsorption capacity for Ni@lcbmparable to literature values (70.55%ng
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