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ABSTRACT

Kenaf-dust filled chitosan biocomposite was prepafer the adsorption of metal ion. The
adsorption property of the biocomposite towards®’Cion was evaluated. Various factors
affecting the uptake behavior such as contact tphkand initial concentration of the metal ion
was investigated. The equilibrium data were analysging Langmuir and Freundlich isotherm
models. The adsorption kinetics followed the meisharof the pseudo-second order and the
intra particle diffusion was studied. The maximusts@ption capacity of the adsorbent for®Cu
was in the range of 2324134 mg-g
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INTRODUCTION

Heavy metals are very harmful because of their modegradable nature, long biological half-
lives and their potentiality to be accumulated ifiedent body parts [1, 2]. It is well known that
some heavy metals which are essential componenetabolism are toxic when present in high
concentration [3]. Trace metal like iron, coppencz cobalt and manganese are essential metals
since they play important role in biological sysgsef, 5]. However, some research also
confirmed that heavy metals such as Cd, Pb, C@ndnNi have carcinogenic or toxic effects on
human beings and environment [6-8]. Heavy metaterein the environment through a wide
variety of sources, including combustion, wastewedischarges and manufacturing facilities [9,
10]. Mining and processing of metal ore can be gnificant source of heavy metal
contamination of the environment [11, 12]. One bk tmajor routes of the excessive
accumulation of heavy metals in agricultural ssilMastewater irrigation that adulterates the soil
and later affects the food quality and safety [I3fher potential sources of entering the heavy
metals to the human body are inhalation and ingesthrough the plants produces in
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contaminated areas [14, 15]. It is observed thabse systemic health problems can develop as
a result of excessive dietary accumulation of haae¢als such as Cd and Pb in human body
[16].

In recent years, biosorption by biologically origied materials in removing heavy metals has
drawn more and more attention, largely due to thigue properties of these biomaterials being
environmentally benign, low cost, effective at lametal concentrations and easily reusable.
Chitosan attracted particular consideration becafsis capability to adsorb various heavy
metal ions chemically or physically [17-19]. Thdragen in the amino group of the chitosan
molecule acts as an electron donor and is presenrabponsible for selective chelation with
metal ions [20, 21]. Chitosan can be produced edsim chitin, polyg-(1, 4)-N-acetyl-D-
glucosamine and it is the most common polysacchaaifier cellulose found in the nature
extracted from crustacean shell, such as prawabscmsects and shrimps [22-24].

Kenaf, a member of the hibiscus family (Hibiscusrabinus L), is a 4,000 year old annual crop,
native to Africa. Mechanical properties of kendfefis are similar to those of jute, but kenaf
fibers are stronger, whiter, and more lustrous. &dras been used for thousands of years as
cordage, canvas, sacking, and fish net due to iithem resistance [25]. Kenaf, bast fiber, and
reinforcement consist of individual fibers whicheacomposites of predominantly cellulose,
lignin and hemicelluloses. Crystalline cellulasethe main reinforcing element, while lignin
and the hemicelluloses can be considered as thingimatrix. Additionally, Kenaf, like most
other natural fibers, demonstrates lowderity, heglecific mechanical properties, and is easily
recycled [26].

The main objective of present study was to invastighe feasibility of using chitosan-kenaf
fiber reinforced comoposite for the removal of Quftom aqueous solution. The experimental
data were fitted to Langmuir and Freundlich adsompisotherm models. The results were also
analysed on the basis of Lagergren pseudo-firgropseudo-second order kinetics equation and
intraparticle dissucion model. Batch adsorptiondigsl were conducted to evaluate the metal
adsorption capacity of the chitosan-kenaf fibenfiaced composite.

MATERIALS AND METHODS

Materials

Chitosan (from Crab Shell) was obtained from In8ea foods, Cochin, Kerala. The Kenaf
(Hibiscus Cannabinus) fiber in this study was at#difrom vibrant nature, Chennai. Analytical
grade Copper Sulphate, Hydrochloric acid, Sodiumrdwide, Acetic acid were purchased from
S.D. fine chemicals, Chennai. Highly pure watepispared form in the laboratory by double
distillation of deionised water. All chemicals warged as received.

Preparation of chitosan — dust kenaf fiber composé:

Preparation of adsorbent:

Chitosan-dust kenaf fiber composite:

Chitosan (from Crab shell) was obtained from Indea foods, Cochin, Kerala. Chitosan
obtained was 92% deacetylated from chitin of Crablls 10g of chitosan was dissolved in
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100ml of acetic acid (8%) and stirred for 30 misuten vertical mechanical stirrer and
homogeneous viscous gel of chitosan-acetic acidddr

The kenaf bast fibersHibiscus Cannabinyswere immersed in the 10% sodium hydroxide
solution at room temperature for one hour with naiggtation for mercerization and then washed
with water several times for the removal of sodiyadroxide. Then the fibers were dried in hot
air oven for three hours and cut into dust fibeo. the chitosan gel, dust kenaf fibers were
reinforced.

Standard solution

The stock solutions of Cu (II) were prepared bysdliging 0.786 mg of copper sulphate in 1000

mL of double distilled water. The exact concentmatof each metal ion solution was calculated

on mass basis and expressed in terms of mgThe required lower concentrations were

prepared by dilution of the stock solution. All pagitions were taken to minimize the loss due to
evaporation during the preparation of solutions awubsequent measurements. The stock
solutions were prepared fresh for each experimgtha concentration of the stock solution may
change on long standing.

Instrumentation

Batch adsorption method was used in this study.tigyic solution of Cu(ll) ion taken in
stoppered bottles and agitated with composite fishs8GC in orbit shaker at fixed speed,
160rpm. The extent of heavy metal removal was inyat®ed separately by changing adsorption
dose, contact time of shaking and changing pHefsthiution.

After attaining the equilibrium adsorbent was seped by filtration using filter paper and
agueous phase concentration of metal was determaitecitomic adsorption spectrophotometer
(Vatian AAA 220FS).

Effect of pH

Sample solutions of copper were taken in the meagdlasks. CS/KF binary composite (19)

was added to each. pH of each sample solution djastad from 4 to 8. Flasks were agitated on
orbital shaker (top loaded) at 150 rpm for 30 miihe solutions were filtered and the filtrates
were subjected to atomic absorption. The same guveds repeated for copper with adsorbent
dose of 1g. From graph, the concentrations weresuned for copper.

Effect of contact time

Sample solutions of copper were taken in 6measutasis. 1gCS/KF binary composite was
added to each flask. pH of each sample solution adjissted to 5.5. Flasks were agitated on
orbital shaker (top loaded) at 150 rpm for the timeging from 60 to 360 min with the
difference of 60 min. The solutions were filteredathe filtrates were subjected to atomic
absorption to record the absorbance of coppercbheentrations were measured.

RESULTS AND DISCUSSION
FTIR spectral studies
FTIR spectroscopy is one of the most powerful tepnes for investigation of multi component
systems, because it provides information in thedleomposition as well as on the polymer-
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polymer interaction [27]. Figure - 1 shows the FR-¢pectra of Chitosan/kenaf dust fiber
composite. The peak at 3450.43tntorresponding to —OH stretching, -NH stretching,
Intermolecular hydrogen bonding and the strong mpelyzation of chitosan/dust fiber. Peak at
2923.64 crit corresponds to aliphatic C-H stretching. The peatk$626.27cm, 320.36 crit,
1221.30 crit, 1093.19 crit, 988.40 crit and 670.50 cih are due to amide | band [28], C-O
stretching, C-O-C linkage, C-N stretching, N-H wiangg and O-H out of plane bending
respectively.
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Figure 1. FT-IR spectra of Chitosan/kenaf dust fibe composite
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Figure 2. Effect of pH on the uptake of C&" ion by the chitosan/dust kenaf fiber composite.
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Figure 3. Effect of contact time on the uptake of G** ion by the chitosan/dust kenaf fiber composite.

Effect of pH on Cu biosorption

The experiments was carried out at different pHashthat there was a change in the percentage
removal of copper over the range of 4 to 8 showthenfigure - 2, pH is one of the important
parameter which affects the adsorption processgeimeral very little or no Cu uptake was
observed at pH less than 2.0. Little copper uptakdow pH values is an indication of
competition of excess of protons for the same bigdites on composite film [29]. The copper
uptake increased with increasing pH, to the maxinme&ar pH 5.5(Figure - 2), then decreased
with higher pH value. From the figure - 2 it is ebged that pH significantly affects the
adsorption process for copper. The best resultoltened at pH 5 for copper around 92%.

Effect of contact time

Uptake of the Chromium ion with the effect of camtéme by the chitosan/dust kenaf fiber

composite was studied and the results are showsgure - 3. The efficiency increases with

increase in time of contact, due to the availabibf more time for metal ions to make an

attractive complex with the composite. Initial reraboccurs immediately as soon as the metal
and composite came into contact and after someneiigher increase in contact time did not

increase the uptake due to decrease of the easlllalale active sites for the binding of metal

ions, the equilibrium is reached. This resultngportant, as equilibrium time is one of the

important parameters for an economical wastewegatrhent system

Adsorption isotherm

The use of biological materials, in particular dfitm and its derivatives, is an enormous
complicating factor, i.e the uptake process isragex one. The sorption data can be interpreted
using several relationships which describe theidigion of metal ion between the biomaterial
and the liquid phase. The utilization of a modedtsesolely on the adequacy between the
experimentally observed tendencies and the shatte shathematical laws associated with these
models. Such an approach, however, is of limiteitltyt because the isotherm equations
obtained from data fitting cannot be used to ptetlie effect of the various solution variables
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such as pH, ionic strength, and type of electrobgewell as the effect of electrostatics on the
extent of adsorption [30]. Such predictive modealséhvalue in comparing different biomaterials
under different operating conditions. Furthermdteese models can be used to design and
optimize an operating procedure [31]. Among theke, Langmuir [32] and Freundlich [33]
sorption models are commonly used to fit experimledata when solute uptake occurs by a
monolayer sorption. These models were tested iptégent work. This modelling permits us to
determine the maximal capacity of removal. The itpaf the isotherm fit to the experimental
data is typically assessed based on the magnifuitie correlation coefficient for the regression;
i.e. the isotherm giving an’Ralue closest to unity is deemed to provide thst fie

Removal of Cu (Il) by chitosan as a function of ¢imt pH 5, at various initial Cu (Il)
concentrations, is shown in Figure - 4. The resoligcate that as the concentration of the Cu (11)
is increased, so does the time taken before equilibis reached. It also appears that at lower
concentrations less Cu (ll) adsorbs onto the caitdlan at higher concentrations.

The results of the Cu (ll) concentration dependestady were subjected to analyses by means
of both Langmuir and Freundlich adsorption isotherithe Langmuir equation (Eq. (1)), which
is valid for monolayer sorption on a surface camtag a limited number of sites, predicting a
homogeneous distribution of sorption energiesxmessed as:

Cads= (KLCeg)/(1 + bGg) (2)

In this study the following linearised form of thangmuir isotherm was used.
Cec{Cads: bQ({KL + 1/K, (2)

and

Cmax= KL/b (3)

where:

Cads= amount of Cu () adsorbed (mdg

Ceq = equilibrium concentration of Cu (ll) in solution i)
K. = Langmuir constant (dfrg?)

b = Langmuir constant (dfrmg)

Cmax = maximum Cu (1) to adsorb onto 1 g chitosan @ty

The constanb in the Langmuir equation is related to the energyhe net enthalpy of the
sorption process. The const#jtcan be used to determine the enthalpy of adsorpiiguiot of
CedCads Vs. Cgq Yielded a straight line (see Figure - 4), confirguithe applicability of the
Langmuir adsorption isotherm. The valueskpfand b were obtained by a least square fit and
were calculated to b& = 0.6751+0.8885 dfhg®, b = 0.0029+0.0066 diimg and Gay =
232+134 mg-g.

The values oK, andb, were found to b&, = 0.7818 dritg*, b = 0.004764 drfimg and Gax =
164 mg-g. However, a Freundlich equation plot of IBgisVs. logCeq yielded a straighter line
as shown in Figure - 5 (R= 0.95). The linearity of the plot supports thelagability of the
Freundlich adsorption isotherm in this study. TmeuRdlich equation (Eq. 4) which is used to
describe heterogeneous surface energies is exgrasse
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Cads= F)Ceql/n (4)

0.6 T T 1
0 50 100 150

Ceq (Mg/dm?)

Figure - 4. Langmuir isotherm for copper

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

log Cags=10g P + 1/n log & (5)

where:

Cadgs= amount of Cu (II) adsorbed (mi)g

Ceq= equilibrium concentration in solution (mg-dm
1/n = Freundlich constant (mg)gy

P = Freundlich constant (g-df

0.0 T T T T 1
0.0 0.5 10 15 2.0 25

log C,

Figure - 5. Freundlich isotherm for copper
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From Figure - 5 it is evident that the values of &AdP, which are rough measurements of the
adsorption intensity and adsorption capacity ofatigorbent, have been determined by the least-
square fit and were found to be 0.64+0.08 mgugd 0.98+0.16 g-drrespectively.

From the Freundlich plot the values fon BhdP can be calculated. The values fon &hdP for
chitosan/dust kenaf composite are 0.98+0.08 thgrgl 0.12+0.10 mg-direspectively. The 1/
value suggests that the adsorption forces of Quagting on the surface of the chitosan/dust
kenaf composite are stronger.

Table - 1. Adsorption isotherm constant, G.x and correlation coefficients

Metal ions Langmuir constants Freundlich constants
K. (dm’g) | b (dm/mg) | Crax(mg/g) | R K n R?
Cu(ll) 0.7818 0.004764 164.11 0.9561 1.7159 1.1P07P982

Kinetic studies

The transient behavior of the batch biosorptioncess was analysed using the pseudo-first-
order, the pseudo-second-order and the intrapartdfusion kinetic modelsThe linearized
form of first order Lagergren equation is giver&as (6).

log (G-qr) =logq - kit

--------- (6)
2.303
The pseudo-second-order rate equation is givergaér[34]
t 1 t
s + ()
& ko' @

where g and @ are the amounts of metal adsorbed (mg/g) at éguith and at time t (min),1k
(min) and k (g mg" min?) are the adsorption rate constant of pseudodimer, pseudo-
second-order adsorption rate, respectively.

The linear plots of log ¢+ q) versus t and (tfjversus t are drawn for the pseudo-first-order and
the pseudo-second-order models, respectively. dieeconstants;kand k can be obtained from
the plot of experimental data.

The pseudo-second-order equations show a goodatasreof the experimental results with the
linearized form R is 1.0000). The results elucidate that the kinkéhavior of Cu sorption by
chitosan/dust kenaf fiber composite has been aatwily explain with the pseudo-second-order
sorption equation. Compared with the former, theugs-first-order equation shows a poor
correlation relationship with the experimental dé® ranged from 0.7609 to 0.9971). Thus,
only the pseudo-second- order equation can be Iusefine kinetic study.
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Figure - 6. Pseudo-first-order kinetics for copper
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Figure - 7. Pseudo-second-order kinetics for copper

The kinetic results were further analyzed by theeaparticle diffusion model to elucidate the
diffusion mechanism,

= kiat"+C (8)

whereC is the intercept anky is the intraparticle diffusion rate constant (mgion 0.5), which
can be evaluated from the slope of the linear gllof versust'’? (Figure - 8). If the regression of
o versust'? is linear and passes through the origin, therajtrticle diffusion is the sole rate-
limiting step [35]. For intraparticle diffusion gk the first, sharper region is the instantaneous
adsorption or external surface adsorption. The re®gegion is the gradual adsorption stage
where intraparticle diffusion is the rate limitinig. some cases, the third region exists, which is
the. Final equilibrium stage where intraparticldfutiion starts to slow down due to the

extremely low adsorbate concentrations left in gbkitions [36]. As seen from Figure - 8, the
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plots were not linear over the whole time rangelyimg that more than one process affected the
adsorption.
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Figure - 8. Intraparticle diffusion for copper

CONCLUSION

The prepared composite was characterized by mddfiBlR. The adsorption properties towards
copper ion were evaluated. Various factors affgctite uptake behavior such as adsorbent dose,
contact time, pH and initial concentration of thetat ions were investigated. The equilibrium
data were analyzed using the Langmuir and Freumdtiodels. The equilibrium data were well
fitted with a Freundlich isotherm equation accogdio the nonlinear curve fitting regressive
analysis. The kinetic parameters were evaluatdizing the pseudo-first-order and pseudo-
second-order followed by intraparticle diffusiorhelkinetic study of copper adsorption revealed
that the pseudo-second order model yields a muttkrifé than the pseudo-first order model.
Intraparticle diffusion analysis demonstrates t@tper diffuses quickly among the particles at
the beginning of the adsorption process, and therdiffusion slows down and stabilizes. It can
be recommended that chitosan/dust kenaf compasi@ ieffective and low cost adsorbent for
the removal of copper ions from waste water.
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