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Abstract: The heavy metal contamination is an environmertiedat as serious as
global warming. Removal of Ctiions in aqueous solution has been analysed by usin
Chitosan reinforced by Banana stem fibre. Batclogudi®n experiments were carried as
a function of adsorbent dosage, pH, contact timigiai metal ion concentration and
temperature. The optimum pH was found to be 5.e}perimental data were tested with
Langmuir, Freundlich, Temkin and Dubinin-Radushkbvisotherms and the data have
been fitted very well with the Langmuir isothernhelenergy of adsorption showed that
the adsorption of Copper by Chitosan-Banana stbre fieads was physical adsorption.
Adsorption kinetics data were modeled with the @pgibn of Pseudo first order, Pseudo
second order, Elovich and Intra-particle diffusimodels. The results revealed that the
Pseudo second order model was the best fitting modehe adsorption mechanism
followed two stages in which the first one was fastl the other was slower. The Boyd
plot exposed that the intra-particle diffusion wtee rate controlling step of the
adsorption process of Copper (ll) ions by ChitoBamana stem fibre beads.

Keywords: Heavy metal removal, Chitosan-Banana stems fibradde Adsorption
isotherms, Kinetics, Mechanism.

INTRODUCTION

The effective removal of heavy metals from vari@sgieous wastes is a significant issue worldwide.
Industries such as Chemical, Leather, Mechanicdl EBlectrical are the significant sources of heavy
metal pollution. Contamination by Copper ion iseflyi from the industries such as paints, pestigides
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metal plating and mining as well as agriculturalrees where fertilisers and fungicidal spray intezly
used. Copper is an essential trace nutrient thratjgired in small amounts (1-1.5 mg per day irdjday
humans, other mammals, fish and shellfish for thehesis of haemoglobin, carbohydrate metabolism
and the functioning of more than 30 enzymes.

Although Copper can be an essential trace elentecbuld be harmful when it exceeds the tolerance
limit. Copper fume causes irritation of the eyessenand throat, headaches, stomach aches, dizziness
vomiting and diarrhoea and an illness called mietale fever. High uptakes of copper may cause liver
and kidney damage and even death. When copperugnofssoil, it strongly attaches to organic matter
and minerals. As a result it does not travel varydfter release and it hardly ever enters groutetwhn
surface water, Copper can travel great distanddeeresuspended on sludge particles or as free ions
Copper does not break down in the environment awhilse of that it can accumulate in plants and
animals when it is found in soils. On Copper-richiss only a limited number of plants have the ad®an

of survival and hence there is not much plant ditgmnear copper disposing factories.

Heavy metal ions are non-biodegradable and theg babe removed from water sources by various
physical and chemical methods like chemical préafigin, evaporation, electrolysis, ion exchange,
membrane separation and adsorptidn particular, adsorption is an effective andremic method for
removal of pollutants from wastewateMany materials of biological origin (e.g., fungeast, bacteria,
Chitosan, seeds of papaya, moringa oleifera andriath peels of orange, banana and pomegranate and
agricultural wastes) have been recognised as agt#srbf heavy metal ions.

Chitosan has been recognised as a biopolymer igitifisant potential for use as biosorbent for remaio

of metal ions from wastewater. Chitosan is comnadiscproduced by the deacetylation of Chitin which
is found in the outer skeleton of shrimp, crab,steb and crayfish shells. Chitosan is a linear
polysaccharide composed of randomly distribuyigd-4)-linked D-glucosamine (deacetylated unit) and
N-acetyl-D-glucosamine (acetylated unit). Adsorpticexperiments with Copp&t Mercury,
Chromium®® and Lead ions indicated that Chitosan can be effectivalgdito adsorb these metals by
establishing their different interactions with @siino and hydroxyl groups. Chitosan is the secondtm
abundant bio polymer in earth after cellulose. @gnently, Chitosan offers a lot of promising betsefi
for wastewater treatment applications today. Cb§ttotosan is much lower than activated carboniand
has excellent binding capacity Chitosan has the characteristic feature of haamine groups in which
nitrogen is a donor of electron pair that is ativ@cto most heavy metals and OH groups also takeip
the adsorptioff.

OH OH OH

HO HO HO OH
NH, NH, NH,

n

However, unlike Chitin, Chitosan is soluble in acilence attempts were made to increase the chlemica
stability of Chitosan and cross linking is one bk tmethods to enhance the chemical stability of
Chitosan™. In this study, the mechanical strength of Chitasas been improved by the reinforcement of
Banana stem fibre and thus it could be applieccidi@and alkaline solutions. The adsorption of gep

(I ions by Chitosan reinforced by Banana stenrdfilvas been analysed. Banana stem fibre is a
Lignocellulosic material; it consists of Cellulo§82 %), Hemicellulose (16 %) and Lignin (16 %).
Materials that contain cellulose (like bagasseabarpeel, banana stem) can be used to treat hestay m
waste. Cellulose can be used as an adsorbent docatboxyl and hydroxyl functional group which
becomes the active binding site of the mé&tallso Lignin has been tried as an adsorbent ofhezetals

in several researches. Hence the Banana stem fil@es used to reinforce the Chitosan and also to
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increase the adsorption capacity. Various researbhee proved the metal binding capacity of Banana
stem fibre$*® The adsorbent has been made in the form of dreatls of size around 1.5 mm diameter.
Hence the mixing of Banana stem fibre with Chitosaaimed to reinforce the Chitosan, to enhance the
mechanical strength and also to boost up the atisorgapacity.

MATERIALSAND METHODS

Materials: Chitosan flakes with a deacetylation degree of 8&éte acquired from Pelican Biotech &
Chemicals Labs Pvt. Ltd., Kuthiathode, Kerala, éndihe chemicals used in this study such as Acetic
acid, Sodium hydroxide pellets were in AR grade myashufactured by SD Fine Chem Limited, Mumbai,
India. The AR grade of Cupric Sulphate penta hyl(@uSQ.5H,0) was used for the preparation of
Cu'?ions. Banana stem fibres have been obtained byanexdily crushing the fresh Banana stems and
the extracted fibres were dried for 48 hours. Tty were cut in to very small particles (less tRah
mm).

Method of Preparation Of Adsorbent (Chitosan Reinforced By Banana Stem Fibre): 3 g of Chitosan
were dissolved in 200 ml of 1% Acetic acid andretirfor 5 hours to make a Chitosan gel. Then 3 g of
Banana stem fibre was added and stirred for 1 farunniform mixing. Then the Chitosan — Banana
stem fibre gel was injected through a syringe (euthneedle) over the surface of 1 M NaOH solution i
a wide glass tray. The Chitosan — Banana stem fileads were obtained on the surface of NaOH
solution and they were allowed to stay in it forHdurs. Then the beads were carefully separated fro
NaOH solution, cautiously washed many times witttitied water and allowed to be dried for 48 hours
at room temperature. The ratio of Chitosan: Barsaia fibre in the adsorbent beads was 50: 50

Adsorption Experiments. Adsorption of C{ ions was carried out in batch process with initial
concentration ranged from 100 ppm to 500 ppm!?Golutions of necessary concentrations were
prepared by dissolving Cupric Sulphate penta hedi@uSQ.5H,0) in distilled water. Batch adsorption
experiments were carried out in 250 ml glass besafiéed with 100 ml of solution. Beads of adsorben
were added in the beaker and stirred by mechasiteér at 250 rpm. The concentration of Gtions
after various adsorption processes were analysééiyis Spectrophotometer under visible lamp range
with a wave length of 820 nm.

Equilibrium adsorption capacity {g= [(Co — &) / W] * V

Where, G and G are the initial and final Céi concentrations (mg/L) of the solution in each apon
experiment. V is the volume of the Copper solufiofitres, W is the weight of adsorbent in eachkega
in grams and gs in mg/g.

Typical blue colour got stuck on the Chitosan —&wnstem fibre beads after €adsorption by simply
showing that Copper ions were chelated.

RESULT AND DISCUSSIONS

Effect of Adsorbent Dosage: Adsorbent dosage strongly affected the sorptioracityp With the fixed
metal ions concentration, the percentage removataifl ions increased with increasing weight of the
adsorbents. This was due to more availability dgivacsites or surface area at higher concentration
adsorbent.

Adsorption experiments of various dosages startingh 0.05 g to 0.2 g were carried out at room
temperature (28C) in separate 250 ml beakers and each beakemioedt 100 ml of 100 ppm
concentration. The pH of the solution was 5.2 Tdma@es were tested in every 15 minutes time interva
Among them, 0.2 g of Chitosan — Banana stem fila&db were found effective and it derived 100 %
adsorption of Copper in 100 ppm solution in 120 utes.
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Effect of adsorbent dosage on adsorption
Concentration of the solution = 100 ppm
Volume of the solution = 100 ml|
pH=5.2 and Temperature =280 C

100 *
80
&
60
40
20

% Removal
L 2

0 0.05 0.1 0.15 0.2

Adsorbent dosage (g)

Fig.1: Effect of adsorbent dosage on the adsorption of Copper on to Chitosan-Banana stem
fibre beads

Effect of pH on Adsorption: The pH of the solution had significant impact oae tiptake of heavy metal
ions. The batch experiments were carried out wiphlaange of 2 to 10. A wide pH range was used also
to test the insolubility of the adsorbent in straangdic and alkaline media. 1 M HCI and 1 M NaOH
solutions were used to alter pH of the solutiore Tésult showed that there was no adsorption aifggH
and the Chitosan-Banana stem fibre beads verytlsfiglissolved in the solution. The adsorption of
Copper reached maximum at pH of 6. The adsorptmsmlg decreased from pH of 7. Hence, it was clear
that the adsorption of the adsorbent was pH depgndecording to Low et al., little sorption at lew

pH could be ascribed to the hydrogen ions compaetiitiy metal ions for sorption sit€s At higher pH
range, the Copper ions precipitated as their hydesx which decreased the adsorption rate, and as a
result of reduction in the percentage removal opfaw ions. The beads of Chitosan reinforced by
Banana stem fibre proved a good chemical staliilitiie pH range of 3 to 10.

Effect of pH on adsorption
Volume of solution = 100 ml
Concentration of the solution =200 ppm
Temperature=289C
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Fig.2: Effect of PH on the adsor ption of Copper on to Chitosan-Banana stemsfibre beads
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Effect of Contact Time on Adsorption: The removal of Copper ions increased with time attdined
saturation in about 210 minutes. The removal wayg fast at the beginning and it gradually decreased
with time till it attained equilibrium. The experantal data showed a rapid adsorption during tls¢ i
minutes of adsorbent - adsorbate contact and vtlgldecreased with time due to the saturation ef th
adsorption sites. Hence a two stage adsorption amésiin with the first rapid and the second slowet ha
been seen in the case of adsorption of Coppein(i§ by Chitosan-Banana stem fibre beads.

Effect of contact time on adsorption by
Chitosan reinforced by Banana stem fibre
100
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Fig.3: Effect of Contact time on the adsor ption of Copper on to Chitosan-
Banana stems fibre beads

Effect of Initial Metal 1on Concentration on Adsorption: The metal uptake mechanism depended on
the initial metal ion concentration. Metals weres@tbed by specific sites at low concentrations. tBat
adsorption amount did not increase proportionadly Higher metal ion concentrations since the active
sites were filled and saturated. Hence, it was \&dear that the percentage removal of metal ion
decreased with increase in metal ion concentration.

Effect of initial metal ion concentraion
Volume of solution = 100 ml (each)
Temperature = 28° C
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Fig.4: Effect of initial metal ion concentration on the adsor ption of Copper on to Chitosan-
Banana stem fibre beads
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Effect of Temperature: A temperature range started fron? &in the multiples of 5C were analysed
up to 58 C. The adsorption increased 2.5 % betweérC3and 48 C and then decreased up to 10 %
when the temperature was further raised.

Effect of temperature on adsorption
Concentration of the solution =200 ppm
Volume of the solution = 100 ml
pH=5.2
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Fig.5: Effects of temperature on the adsor ption of Copper on to Chitosan-
Banana stem fibre beads

Adsor ption I sotherms: Adsorption isotherms describe the interaction cfoaldates with adsorbents. The
experimental adsorption data of Copper (ll) iongl@cross linked Chitosan — Banana stem fibre dead
were analysed by Langmuir, Freundlich, Temkin anthibin-Radushkevich isotherms.

The experimental data showed that the adsorptid@@opper (Il) ions by the Chitosan-Banana stem fibre
beads increased with an increase in initial m&taldoncentration significantly. At lower initial @per

ion concentrations, the adsorption increased lipedt higher initial Copper ion concentrationsgeth
adsorption capacity did not increase proportiondilg to the limitation of number of active sitestba
surface of adsorbent beads.

Langmuir Isotherm: The Langmuir adsorption model is based on the gsBom that maximum
adsorption corresponds to a saturated monolaysolate molecules on the adsorbent surface, with no
lateral interaction between the adsorbed moleculd® Langmuir adsorption isotherm has been
successfully used in many monolayer adsorptionge®es. The adsorption isotherm data were analysed
by the Langmuir isotherm model in the lineariseairfo

Ce/0e = CdOmax + 1/(b Gray)

where @ is the equlibrium adsorption capacity of the adseatb(mg/g), € is the equilibrium Cu
concentration in solution (mg/l),mgk is the maximum amount of Cu that could be adsorxedhe
adsorbent (mg/g) and b is the Langmuir adsorptprilierium constant (L/mg). The plot &J/q. versus
C. is shown in figure below.
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Langmuir isotherm R?=0.951
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Fig.6: Langmuir isotherm plot for the adsor ption of Copper by Chitosan-Banana
stem fibre beads

Freundlich I sotherm: The Freundlich model can be applied to multilaydsaaption with non-uniform
distribution of adsorption heat and affinities otteg heterogeneous surface. The experimental daa w
analysed by Freundlich isotherm model in the lirsea form,

loga.=1/nlog G + log Ke

Where K is the Freundlich adsorption constant and it értfaximum adsorption capacity of metal ions
(mg/g) and n is the constant illustrates the adorpntensity (dimensionless). The plotlof ¢ versus
log G is shown below.

Freundlichisotherm R?=0.862

2.1 /
2.05 /

2 /
1.95 /

1.85

log qe

log Ce

Fig.7: Freundlich Isotherm plot for the adsor ption of Copper by Chitosan-
Banana stem fibre beads
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Temkin Isotherm: The derivation of the Temkin isotherm assumestti@afall in the heat of sorption is
linear rather than logarithmic, as implied in theedhdlich equation. The adsorption experiment data
were analysed by Temkin isotherm model in the lised form,

g=BINnG+BInA

where B = RT/b, b is the Temkin constant relaedheat of sorption (J/mol), A is the equilibrium
binding constant corresponding to the maximum Imigadinergy (L/g), R is the gas constant (8.314 J/mol
K), and T is the absolute temperature (K). The pfat.againstin C, is given below.

Temkin isotherm RZ2=0.814
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Fig.8: Temkin Isotherm plot for the adsor ption of Copper by Chitosan-Banana stem
fibre beads

The estimated values of the constants of the Isatineodels for the adsorption of Copper by the Gaito
— Banana stem fibre beads are given in the talbbsvbe

Table-1: Table of estimated values of constants of | sother ms

Langmuir |sotherm Freundlich I sotherm Temkin | sotherm
R? Clmax b R? Ke 1/n R? b (J/mal) | A (L/g)
(mg/g) (mg/g)
0.951 142.86 0.0489 0.86% 32.14 0.25% 0.814 9443 .5290

Based on the linear regression values>R.99) which are considered as a measure of thengss-of-
fit of data, the experimental ddlow the order,

Langmuir > Freundlich > Temkin

Dubinin-Radushkevich I sotherm: The Dubinin-Radushkevich isotherm equation is galheused to
distinguish between physical and chemical adsanpttds given in the linearised form as,

I Qe = Kor 7%+ IN Gpra
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where q is the equilibrium adsorption capacity of the atisat (mg/g), faxiS the maximum adsorption
capacity (mg/g), Kr is the Dubinin-Radushkevich constant (ffiaf) and ] is Polanyi potential given

by,
O0=RTIn(1+1/Q

where R is the gas constant (8.314 **1@/mol K), T is the temperature in Kelvin and i8 the
equilibrium concentration of metal ions (ppm). Thie plot ofin ¢, against 1 gives a straight line with
a slope of g and an intercept of.g. The Dubinin-Radushkevich isotherm also givesrtigan energy
of adsorption by the equation,

E = (-2 Kor) ™

If the E value is less than 8 kJ/mol, the procedlws physical adsorption, and if the E value lies
between 8 and 16 kJ/mol, the process follows chelnaidsorption.

The Dubinin-Radushkevich isotherm plot for the ekpental data as follows.

Dubinin-Radushkevich isotherm

4.9

4.8
4.7

4.6 \
4.5 \

4.4 \

4.3

Inge

0 0.001 0.002 0.003 0.004 0.005 0.006
@2

Fig.9: Dubinin-Radushkevich isotherm plot for the adsor ption of Copper by
Chitosan-Banana stem fibre beads

From the Dubinin-Radushkevich isotherm plot, theedir regression value’Rvas 0.608. The mean
energy of adsorption was found to be 0.0827 kJimmoth is less than 8 kJ/mol, and hence it is cllear
the adsorption of Copper ions by Chitosan — Barséera fibre beads was physical adsorption.

Adsorption Kinetics: In order to investigate the mechanism of adsorpton its potential rate
controlling steps, kinetic models have been usdue @dsorption kinetics of heavy metal ions are
analysed by the pseudo first order, pseudo secated and simple Elovich kinetic models.

Pseudo First Order Model: Lagergren’s first order rate equation has been madely used for the
adsorption of an adsorbate from an aqueous soldti@represented as,

nG-ad=Ihg-Kt
where @ is the equilibrium adsorption capacity (mg/g)ixgthe mass of metal ions adsorbed at time t
(mglg), K is the first order rate constant (fjinThe pseudo first order considers the rate ofipation of

adsorption sites is directly proportional to thentner of unoccupied sites. A plot lof (0. — @) against
should give a linear relationship for the applitigpdf the first order kinetic.
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The following figure represents the Pseudo Firgteorsorption kinetics of Copper (Il) ions on to
Chitosan — Banana stem fibre beads for varioumirmibncentrations (100, 200, 300, 400 and 500 ppm)
of volume 100 mL (each), adsorbent dose 0.2 g, ¢éeatpre 28C and pH 5.2

Pseudo First order plot
5
4.5
4 A
3.5
5 3
o 25 m
(=2
= 2 @ 100 ppm
1.5 A M 200 ppm
1 m X 300 ppm
0.5 X 400 ppm
0 K 500 ppm
0 50 100 150 200
t

Fig.10: The Pseudo First order kinetic sorption kineticsfor variousinitial
concentrations

Pseudo Second Order Model: The Pseudo Second order model considers that teeofaadsorption
metal ions is based on the square of number ofntasites on the adsorbent. The pseudo second order
rate equation is represented as,

t/g = 1/(K @) + t/g

A plot of t/q, versug should give a linear relationship for the appligbof the second order kinetic.

The following figure represents the Pseudo Secanérosorption kinetics of Copper (ll) ions on to
Chitosan — Banana stem fibre beads for variougirdbncentrations (100, 200, 300, 400 and 500 ppm)
of volume 100 mL (each), adsorbent dose 0.2 g, ¢eatpre 28C and pH 5.2

Pseudo Second order plot
3
2.5 78
2
e 1.5
(=2
=
1 ¢ 100 ppm
L 2
M 200 ppm
0.5
300 ppm
0 X 400 ppm
0 50 100 150 200 250
X 500 ppm
t

Fig.11: The Pseudo Second order sorption kineticsfor variousinitial concentrations
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Simple Elovich Model: The simple Elovich model is expressed in the form,
G=oa+pInt

where gis the amount adsorbed at time. &andp are the constants obtained from the experimepioA
of g: againsin t should give a linear relationship for the applitigbof the simple Elovich kinetic.

The following figure shows the simple Elovich kimmstof Copper (ll) ions on to Chitosan — Banananste
fibre beads for various initial concentrations (L1200, 300 400 and 500 ppm) of volume 100 mL (each)
adsorbent dose 0.2 g, temperatur2&nd pH 5.2

Elovich model

160
140
120
100
T 80

60 € 100 ppm

40 ‘/‘/(’"" M 200 ppm

20 300 ppm

0 X 400 ppm

0] 1 2 3 4 5 6
Int K500 ppm

Fig.12: The simple Elovich sorption kineticsfor variousinitial concentrations

Table of Estimated Parameters of Kinetic Models

The parameters of First order, Second order anddEdinetic models are estimated and given below.

Table- 2: Table of estimated parameters of Kinetic models

Conc. of First order kinetic model | Second order kinetic model Elovich kinetic model
aqgueous
solution

2 Oe Kad 2 Qe Kad 2
eem) IR g [min) | | mog) |@mgminy |K | P
100 0.991 47.61 0.020 0.979 71.43 2.58 %10 0.975 | -26.2 15.32
200 0.968 61.37 0.019 0.996 100.(¢ 3.07%10 0.986 | -25.38 | 21.6
300 0.955 57.80 0.025 0.997 111.11 4.79%10 0.898 | -5.2 20.38
400 0.960 96.35 0.017 0.996 142.86 1.91%10 0.995 | -24.32 | 26.23
500 0.979 115.47] 0.019 0.999 166.67 1.77%100.984 | -32.31| 32.31

The values of equilibrium adsorption capacity) @ptained from the experiments were 50, 82.5195,
and 137.5 (in mg/g) for the concentrations of agsesolutions 100, 200, 300, 400 and 500 (in ppm)
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respectively. Three kinetic models were appliedttom experimental data to investigate the suitgbilit
The linear regression values obtained from the iEfokinetic model were much lower than the other
two models and it showed the inapplicability of thedel. The linear regression values of Pseuda Firs
order sorption kinetics were also low and thevglues acquired from the Pseudo First order smmpti
kinetics were contrasted with the experimental @alBut in the case of Pseudo Second order mddgel, t
linear regression values are much higherR.99), and also the calculatedvgluesagreed well with

the experimental data. Hence it is very clear thatadsorption of Copper by Chitosan — Banana stem
fibre beads has followed the Pseudo Second ordetikimodel.

Intra-Particle Diffusion Model: The adsorption process on a porous adsorbent erglgna multi-step
process. In order to analyse the mechanism ofdeerption of Copper by Chitosan-Banana stem fibre
beads, the experimental data were tested agaiastintha-particle diffusion model. The adsorption
mechanism of the adsorbate on to the adsorbeowfslthree consecutive steps: mass transfer adress t
external film of liquid surrounding the particlejsorption at the surface of pores and the intrégbar
diffusion. The slowest of these steps determinesotferall rate of the process. The possibilitynifa-
particle diffusion resistance which could affece thdsorption is explored by using the intra-paeticl
diffusion model given in the equation,

=Kt +1

where K is the intra-particle diffusion rate comstand | is the intercept. A plot of against ¥?is drawn
to analyse the possibiliyf intra-particle diffusion as the rate deterministgp. A two stage adsorption
mechanism with first was rapid and second was slasvbeen observed from the experimental data.

The plot of gagainst ¥?is multi-linear and deviating from the origin, iedting more than one process
has affected the adsorpti8nHence, the first portion of the plot indicatee #xternal mass transfer and
the second portion is due to intra-particle or pifusion.

Intra-particle diffusion model

160
140
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80

Gt

60

—&— 100 ppm
40 PP
—l— 200 ppm

20

300 ppm

—>¢— 400 ppm

(6]
iy
o

15 20
172 —>— 500 ppm

Fig.13: Theintra-particle diffusion kinetics plot for variousinitial concentrations

The Estimated Parameters of Intra-Particle diffusion model: The parameters of intra-particle
diffusion model are estimated and given in theofelhg table.
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Table- 3: Table of estimated parameters of I ntra-Particle diffusion model

Concentration of

aqueous solution R? Kaq (g/mg mirf) Intercept (1)
(Pppm)

100 0.996 4.479 0.275
200 0.934 5.616 5.616
300 0.772 4,724 39.36
400 0.960 6.075 3241
500 0.908 7.128 41.01

The Boyd Model: Due to the double nature of intra-particle diffusi@oth film and pore diffusion) and
in order to determine the actual rate controllitepsnvolved in the sorption process, the kinetitad
have been analysed using the model given by Bogt’et

F=1-(64%) X5, [(1/n?) exp (-niBY)]

-y =1
WhereF is the fractional attainment of equilibrium at étrand is obtained from the expression:
F=q/G

whereq; (mg/g) is the amount of adsorbate taken up at tim&lqg. (mg/g) is the maximum equilibrium
uptake and

B=Dr’/r
whereB is the time constant (mify, D; is the effective diffusion coefficient of the metans in the

sorbate phase (&min), r is the radius of the adsorbent particle (cm), m&slito be spherical, amdis
an integer that defines the infinite series sohutit is given by the equation:

Bt=-0.4977-In (1 - F)

Thus the value 0Bt can be computed for each valueFofand then plotted against time to configure the
so-called Boyd plofS. A straight line passing through origin is indieatof sorption processes governed
by particle diffusion mechanism; otherwise they gmeerned by film diffusioh.

The plots ofBt against for the experimental data of various concentretioave been shown below.

Boyd plot
4.5
4
35
3
25
@ 2
1.5 ©® 100 ppm
1 M 200 ppm
0.5 300 ppm
0 X 400 ppm
-05 0 50 100 150 200 250 500 ppm

Fig.14: The Boyd plot (showing markers and trend lines) for the sorption kinetics
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Boyd plot
4
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o5 O 5 10 15 20 ~——— 500ppm
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Fig.15: The Boyd plot (lines graph to show linearity) for the sorption kinetics

The plots very slightly deviated from the origint ltibey were greatly linear which revealed thatitiea-
particle diffusion was the actual rate controllistgp of the adsorption process of Copper (Il) ibys
Chitosan-Banana stem fibre beads.

CONCLUSION

Chitosan-Banana stem fibre beads can be succgssfigtl as an adsorbent for*€ions from aqueous
solutions. Banana stem fibre has been recognisad adsorbent for heavy metals by various researche
The addition of Banana stem fibre with Chitosanagmed the adsorption capacity and also made the
adsorbent beads mechanically stronger. Hence swlaeht beads were applicable in a wide pH range (3
to 6) without the necessity of cross linking. Thaximum adsorption was at a pH of 6. The removal of
copper ions increased with agitating time and sa&tdr in about 210 minutes. There was a two stage
adsorption mechanism in which the first was rapid the second was slower has been observed. The
adsorption data were best fitted with Langmuirhsom. The value of mean energy of adsorption (E)
from the Dubinin — Radushkevich isotherm has showed the adsorption of Copper by Chitosan-
Banana stem fibre beads followed the physical adi®or. Adsorption kinetics followed the Pseudo
Second order kinetic model. The intra-particle wifon model was used to analyse the sorption
mechanism. Boyd plot explored that the intra-pbetdiffusion was the rate controlling step. Theuttss
obtained would be useful for the effective applmatof Chitosan-Banana stem fibre beads as an
adsorbent to treat industrial effluents.
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