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ABSTRACT

In the present work, graft copolymerization of palylonitrile onto chitosan has been carried outtlire presence
of ceric ammonium nitrate redox initiator. Chitoshas been used as an adsorbent for the removatafyhmetal
ions from aqueous solution through adsorption pssceThe property of chitosan is enhanced by gmftifhe

prepared copolymer was characterized by FTIR, XRBA and SEM. The effect of pH, contact time andusatnof

adsorbent dose were also investigated. The expetahdata were fitted to Freundlich and Langmuirsadption

isotherms.
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INTRODUCTION

Water is an essential matter to human and otherglierganisms. Water is polluted in many ways lé#uents
from leather and chemical industries, electropéatimdustries and dye industries[1]. Effluents fraaxtile, leather,
tannery, electroplating, galvanizing, pigment agds] metallurgical and paint industries and othetafnprocessing
and refining operations at small and large-scattoseontains considerable amount of toxic metasid hese toxic
metals ions are not only potential human healtratdszbut also to other life forms[2] .Although imidiual metals
exhibit specific signs of their toxicity, the follang have been reported as general signs assodidgtiedadmium,
lead, arsenic, mercury, zinc, nickel, copper andnalium poisoning: gastrointestinal (Gl) disordedg&rrhoea,
stomatitis, tremor, heamoglobinuria causing a mest-colour to stool, ataxia, paralysis, vomitingl amonvulsion,
depression, and pneumonia when volatile vapoursfames are inhaled[3] Several methods have been used to
purify the water like sedimentation, filtrationtnal filtration, precipitation, ion exchange, electoagulation, electro
dialysis, and reverse osmosis in cleaning wastejddteHence, the disadvantages associated withitivadl
methods of heavy metal removal like incomplete inetaoval, high energy requirement, generatiorogict sludge
and other waste products have made it importatbdk of other cost-effective treatment methods[%]rsbver,
traditional methods of heavy metal removal areswefficient when metals are present in conceptnatiess than
100mg/L. Hence, attention is being focused to texetbpment of alternative methods of heavy metaloneal like
bioremediation. One of such processes is adsorfiori.

Recently numerous approaches have been studietthdadevelopment of cheaper and more effective hdsis
containing natural polymers. The removal of metalempounds and particulates from solution by biizalg
material is recognized as an extension to adsergtiw is named as biosorption[8] . Various mecmasiactive in
biosorption are chemisorption, physical adsorptiitro precipitation and oxidation/reduction. Bidsents can be
obtained from various sources like — seaweeds,omiganisms, activated sludge, fermentation wastef@e10].
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Many biosorption such as fungi[11], Algae, Seaw§E]s Microorganisms[13]and several biopolymers][héave
been utilized in the removal of heavy metals froastewater. The polysaccharides are renewable Esuhich
are currently being explored intensively for thapplications in water treatment [15]. Among theysatcharide
compounds such as chitin starch and their derigatichitosan[16]deserve particular attention. These
polysaccharides are abundant, renewable, and biadge, low-cost and are the best choice in iegatment and
useful tool for protecting the environment [17].

Chitin because of its insolubility is rarely suligst to chemical reactions except for the prepamatiochitosan by
deacetylation. Khor[18] has stated that 21 st agntan be the century of chitin taking a place m&sra ordinary
material because chitin and its derivatives haveibibed high potential in a wide variety of fieldMedical,
pharmaceutical, cosmetics, food industry, agricelt@environmental protection)[19] .Chitosan candizsolved in
only acidic solutions through the interaction beawéd + and NH but it is insoluble under higher pH conditiorts. |
is also of limited solubility in organic solvents. order to sort the above problems, chemical nicatibn affords a
wide range of novel chitosan derivatives. Among\uhgous methods of modification graft copolymetiaa is an
attractive technique to modify the chemical andsital properties of chitosan[20] .

Grafting of chitosan allows the formation of fummstal derivatives by covalent binding of a molectiie, graft, on
to the chitosan backbone. Chitosan has two typesaztive groups such as free amino groups andRyHgroups
that can be grafted [21] .

Chitosan

Figure 1

Chitosan grafted with polyacrylonitrile has beemther modified to yield amidoximated chitosan, aiive
having a higher adsorption capacity for copperd,edckel compared to cross linked chitosan. Agson of Cu
(1) and Ni (I) from metal solution using crossiied chitosan-g-polyacrylonitrile copolymer was docted and the
results showed that it is a favorable adsorbenthferemoval of heavy metal ions[22].

Adsorption of Cu (ll) and Cr (VI) from metal solatis using UV assisted oxidative process chitosan-g-
polyacrylonitrile copolymer was conducted and thsuits showed that it is a favorable adsorbenthf®removal of
heavy metal ions[23].

In the present study, we have synthesized grafolgoper chitosan —g-polyacrylonitrile using ceric monium
nitrate as the initiator. The prepared graft copmy was subjected to various analytical technicqueh as FTIR,
XRD, TGA, and DSC to confirm the grafting. Also wevestigated the polymerization variables suchnétsator
concentration, monomer concentration and reac&onperature. This graft copolymer will be highly fusefor
various application fields including wastewater atreent. In present work efficacy of chitosan — g —
polyacrylonitrile for treating heavy metals solutizvas attempted and found successful.

MATERIALS AND METHODS

Chitosan was obtained from India Sea Foods, Coétenala, India, Acrylonitrile, Ceric ammonium nitea(CAN)

and all other chemicals used in the experiment wéamnalytical grade. Chitosan—g—polyacrylonititas prepared
using CAN as initiator, Acrylonitrile as a monomehitosan as a polymer. A 2% wi/v solution of chitosvas
prepared in 2% aqueous acetic acid. A solution.bMOCAN in 10 ml of 1 N nitric acid was added folled by a
known amount of acrylonitrile drop by drop with tomwious stirring. After a specified time, the protwas

precipitated by pouring into (2N) sodium hydrox&t#ution with vigorous stirring. The precipitate ss@ashed with
distilled water several times and filtered.
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In the present study chitosan has been graft copmiged with acrylonitrile with an aim to developpeoduct,
which could be used for wastewater treatment demifit temperatures such as’GQ50C, 70C, &90°C. The
samples were subjected to spectral studies.

FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)

In the present investigation, transmittance spestia used to quantify the characteristic peak efdynthesized
grafting copolymer in the range between 4000-400 asing Thermo Nicolet AVATAR 330 Spectrophotometer,
using KBr pellet method. The FITR spectra were radized and major vibration bands were identifiedoagated
with the main chemical groups.

THERMOGRAVIMETRIC ANALYSIS (TGA)
Thermo gravimetric analysis was conducted to meathg weight loss of the copolymers on a DTG-6€rumsent
at a heating rate of ¥0 per minute for in nitrogen atmosphere. The welgss at different stages was analyzed.

X-RAY DIFFRACTION TECHNIQUE (XRD)

Room temperature low angle X-ray diffraction (XRigtterns of the chitosan-g-polyacrylonitrile copobrs were
studied using X-ray powder diffractometer (XRD —MIRLEX II) using a Ni — filtered Cu K X-ray radiation
source. The relative intensities were recordediwithe range of 10- 90 (20) at a scanning rate ofrGin™.

SCANNING ELECTRON MICROSCOPY (SEM)

The surface morphology of the copolymers was aofesbrwith scanning electron microscopy to verify the
compatibility of the chitosan copolymer. For thealsis, the samples were cut into pieces of vargimes and
wiped with a thin gold — palladium layer by a sputtoater unit and the cross section topographyanabk/zed with

a Cambridge stereo scan 440 scanning electron scigpe (SEM, Leica, and Cambridge, UK).

RESULTS AND DISCUSSION

As reported in the literature[24he monomer conversion was found to be betweem@®8 % after 2h of reaction
at 70°C. The grafting efficiency of chitosan wasreased in the present work where 80% of yield been
obtained in one hour. Various Cs-g-PAN samples vpeepared by changing the reaction temperatur&°at,
50°C, 70C, & 90°C characterized completely using FTIR, XRD, TGA &tM.

The samples were prepared by changing the varampdratures at 30, 50C, 70C, and 96C. Out of the four
samples, the sample prepared &(5ghowed high grafting yield. Hence®&0was found to be optimum temperature
for grafting; the samples were characterized byR;TIGA, XRD, and SEM. The yield of copolymer is givin
table 1and figure 2. The results are discusstmhbe

Table 1 Determination of grafting efficiency with emperature

Wt of chitosan-0.5gms, Wt of AN-0.5gms,

S.No | Temperature {C) | Amount of copolymer (g) | % Grafting Efficiency | Grafting yield %
1 30 0.6213 55.40 24.26
2 50 0.7104 58.69 42.08
3 70 0.667: 57.1¢ 33.4¢
4 90 0.615( 55.1¢ 23.0(

The FTIR spectra of chitosan and Chitosan-g-polyagrdonitrile

The FT-IR Spectra of chitosan showed a absoritam at 3426.19cfndue to the presence of N-H stretching, O-
H stretching, polymeric association and intermolechydrogen bonding and C=0 vibration at 1646.53evhere
as Chitosan-g-PAN copolymer of %) 50C, 70C, & 9(°C. shows the prominent peaks at 3429.02cm
3456.44crit, 3454.51cm, and 3442.94cih 1567.16cm-1, 1535.34chm, 1543.05ci, and 1537.27cih ,and
1412.43crit, 1386.82crit , 1373.32cr, and 1375.25cih, 1078cmi 1080.14crit, and 1078.21cth The broad
band at 3456.44ct 3454.51cri, and 3442.94cth shows the presence of NH stretching, OH stretgpolymeric
association and inter molecular hydrogen bondirtger& was a shift towards lower wave length regiaring
copolymer formation (3454.51¢th The peaks at 1386.82¢mand 1373.32cthwas due to —CHvibration
attributed to pyranose ring in chitosan. The disgpance of the peak in the copolymer showed tleagtafting of
polymers had taken place.
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Fig 2 Determination of grafting efficiency with tenperature

Chitosan-g-PAN showed the peaks at 1078.21 and.188M" shows the presence of C-O-C linkage, respectively.
The successful polymeric linkage in the copolynsezdnfirmed by the amide bands at 1535.34 and.05461" as
well as glycosidic bands (C-O-C) of chitosan.

The grafting yield at 50°C was very high and is mpim for grafting and is confirmed by the intengfythe peak
obtained at 1535.34cHhis high due to N-H bending. Hence from the resitlis confirmed that the grafting has
taken place between chitosan and from the spddsavident that acrylonitrile got attached to tigtosan moiety
at the amino group.

The proposed Structure for chitosan-grafted-PAN
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Figure 3

TGA Thermal Analysis of Cs-g-PAN Copolymers

TGA thermogram details of chitosan with 92% degoéadeacetylation are shown iRigure 4 About 50% of
chitosan decomposed at around TD0Two weight losses were observed in the chitoE&m curve. The first
weight loss at around 20635(°C was due to the detachment of the entangled ehmitathains. The second
degradation around 450-700 may be due to the datioadof chitosan molecule. At the end of the ekpent
nearly 30% of the sample remained as residue shyothihigher thermal stability of chitosan.
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Fig 4 TGA for Chitosan

TGA of Chitosan-g- PAN copolymer at 36C
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Fig 5 TGA of Chitosan-g- PAN copolymer at 38C

Figure 5 shows the TGA thermogram details of Chitosan-g-PRasidolymer by varying temperature at®G0 9%
weight loss occurred at 15 was due to the loss of water from the sampled#ut al., 2006). Around 30% of the
sample disintegrated in the temperature range 6f@G4Maximum weight loss occurred at the temperatarge
90°C-400°C. At the end of the experiment at 8@0 61.42% of the copolymer remained as residtigure 6
represent the thermogram details of Chitosan-g- Rapblymer by varying temperature at’'60The 5% weight
loss in the copolymer at 180 was due to loss of water in the sample. AroundbI®b of the sample gets
disintegrated in the temperature range of 28C3At the end of the experiment at 830 28.49% of the copolymer
remained as residue showing the high thermal &tabil the copolymer when compared to sample coingi 76C
and 90C.
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Fig 7 TGA of Chitosan-g- PAN copolymer at 7%C

Figure 7 show the thermogram details of Chitosan-g-PAN cpper by varying temperature at °@) At the
temperature of 80C around 93.006% of the sample had disintegrafgcthe end of the experiment 6.994% of the
copolymer remained as a residue. The maximum wedglst occurred in the temperature range of°28€0CC.
Around 80% of the sample got disintegrated in tmagerature range of 4%0. From there, only a shallow weight
loss takes place with increase in temperature stiheple is less stable compared to sample havif@. 70
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Fig 8 TGA of Chifegamittr(PAN copolymer at QR0 1 rmens
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Figure 8 show the thermogram details of the Chitosan-g-RaNolymer by varying reaction temperature at®@0
13.33% weight loss of the copolymer occurred al&Z was due to the loss of moisture from the samfleund
93% of the sample gets disintegrated in the tenperaange of 377°C.Maximum weight loss occurred at the
temperature range 315%2388.25C. At the end of the experiment at 8806.994% of the copolymer remained as
residue.

X- ray diffraction Studies (XRD) for chitosan and Chitosan-g PAN
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Fig 9 XRD of chitosan Fig 10 Chisan-g-PAN copolymer at 38C
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Fig 11 chitosan-g-PAN copolymer at 58C Fig 12 Chitosan-g-PAN copolymer at 7C

(Counts)

Lin

2-Theta - Scale

Fig 13 chitosan-g-PAN copolymer at T

Figures 10-13show the XRD pattern of chitosan-g-PAN copolymezpared by varying temperature. The XRD
pattern of 30C, 50C, 70°C, and 96C show sharp peaks at 6=22, 41, 41, 43 respectively .From the nature of
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peaks obtained it was concluded that the copolyB&€, 50C, 70C, and 90C were found to have semi
crystalline nature. The typical crystalline peakcbftosan that appeared &=20°C had been shifted around °€L
and the peak at G had disappeared showing the copolymer formatiith increase in concentration of PAN in
graft copolymer.

3.4 Scanning Electron Microscopy (SEM)

The surface morphology of chitosan characterized Si§M (Figure 14 and 15) indicated micro porous
structure[25]. Grafting considerably modified clsiam morphology, and also its physical, chemical and
biodegradable characteristics, which varied wipeet to the nature of the synthetic side chaiosrporated.

Morphological studies of copolymer:

MEY K1.500 “Bum 16=] LIL-D2

Figure 14 Surface morphology of chitosan Figure 15 Surface morphologyf Chitosan-g-PAN

The SEM image of chitosan shows smooth surfaceausecthere are stronger interaction between thesam
molecules. The copolymerization of polyacrylonérinodified the surface morphology of chitosan dSigantly
making it useful for water treatment. The SEM imagje copolymer revealed that uniform distribution of
polyacrylonitrile might be improving that charaéstic nature of chitosan as well as polyacryloltriThis
characteristic membrane may be responsible to allater with greater adsorbing property.

Adsorption studies using chitosan-g-polyacrylonitiie copolymer for the removal of nickel and lead ios from

metal solutions

The presence of heavy metals in environment is @bmconcern because of their transformation frematively
highly toxic even in lower concentration. Thussitniecessary to control emissions of heavy mettdseimvironment.
Chitosan and its derivatives have been extensingstigated as biosorbent for removal of heavyafset

In this investigation chitosan has been modifigd copolymerization with polyacrylonitrile to impre the
properties and increase their adsorption efficat®nce attempts have been made to investigate tted agsorbing
capacity of chitosan-g-polyacrylonitrile copolynfer heavy metals lead and nickel removal from mstdlitions.

Batch adsorption studies
The removal of metal ions (lead & nickel) from metalutions was carried out using chitosan-g- polynitrile
by batch adsorption studies.

Effect of adsorbent dose

The study of effect of adsorbent dose on metalradism has shown in figurel6. That adsorption haatdased for
both the metals with increase in amount of chiteggoolyacrylonitrile. The effect of the amount afsmrbent on the
removal of PB" and Nf* ions shown in figure. It is observed that the reaiaf metal ions increases with an
increase in the amount of adsorbent. The amoumidebrbent dose was varied from 0.5g-5g for leadjmim
percentage removal was 17.3% for a dose of 0.5gin@aximum value of 74.8% for the dose of 5gm, wasre
nickel, minimum percentage removal was 18.4% fdose of 0.5gm and maximum value of 78.7% for theeduof
5gm, as shown in figure. The number of adsorptites ©r surface area increases with the weightlebent and
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hence results in a higher percent of metal remava high dose. Among the two metals nickel getodibd at
higher rate than lead.

90 ~
80 -
70 A
60 -
50 A
40 -
30 A
20 == Ni
10 -~

—4—Pb

%Removal of Pb(l1) and Ni(ll)

Adsorbent dose in gms

Fig 16 Effect of adsorbent dose on the removal ofoR11) and Ni(ll)

Effect of pH

The pH of the solution affects the surface charfgl® adsorbents. The pH is one of most imporawironmental
factor influencing not only site dissociation, lalgo the solution chemistry of the heavy metal® pH value of the
solution is an important controlling parametertia fidsorption process.

It was observed that with the increase in the pthefsolution, the extent of metal ions removatéased for the
adsorbent. The extent of removal of Pb (II) andINigas investigated by varying the pH from 2.08@ and the
results are shown in table3.6 and figure3.10. liliserved that pH significantly affects the addorpprocess of
both metals. The best results were obtained at5fb4.lead and pH5.5 for nickel. Increase in me¢shoval with
increase in pH can be explained on the basis eteedse in competition between proton and metarsafor same
functional groups and by decrease in positive serfaharge, which results in a lower electrostagiputsion
between surface and metal ions. Decrease in adsorpt higher pH is due to formation of soluble ryd/l
complexes.

80
70 A
60 -
50 A
40 -
30
20
10 -

—o—Pb
= Ni

% Removal of Pb(ll) and Ni(ll)

Fig 17 Effect of pH on the removal of Pb(ll) arl Ni(ll)

Effect of contact time
The effect of contact time on adsorption was stlidiad the results as shown in figure3.11. Incréagemoval
efficiency with increase in time of contact canditibuted to the fact that more time becomes abtgl for metal
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ions to make an attractive complex with chitosapegracrylonitrile. Figure3.11 depicts that it wasihd that the

removal of metal ions increased with increase intact time to some extent. This means that a largeunt of

vacant adsorption sites were available at thisestegrther increase in contact time does not iserélae uptake due
to unavailability of adsorption sites of the adsarbmaterials. At first adsorption capacity wasavsprocess then
increases rapidly, it attains equilibrium and sation gives constant adsorption value.
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50 A
40 -
30 A
20 A
10 -~
0 T T . .
0 100 200 300 400

—o—Pb
= Ni

% Removal of Pb(ll) and Ni(ll)

Time in minutes

Fig 18 Effect of contact time on the removal of Pi) and Ni(ll)

Adsorption Isotherm Studies
Removal of Lead (Il) and Nickel (Il) ions by Chitosan-g-PAN copolymer

Table 2 Distribution of Pb(ll) ion between sorbentand solution at equilibrium

Initial concentration of Pb(ll) mg/L 1000 500 200 00aL| 50
Initial amount of Pb(ll) in 200ml sol 20C 10C 40 20 10
Eqm adsorption in 1gm of sorbent (' | 43.€ | 31.Z2 | 20.2 | 10.£ | 6.5

Amt of Pb left in solution 156.2 68.8 197 9p 3|5
Egm con in 1000ml (Ce) 781 344 985 46 17.3
CelYe 17.83] 11.02 49 4.3 2.6

Table 3 Distribution of Ni(ll) ion between sorbentand solution at equilibrium

Initial concentration of Ni(ll) mg/L 10000 500 200 o0a | 50
Initial amount of Ni(ll) in 200ml soln. 200 10( 40, 20 | 10
Eqm adsorption in 1gm of sorbent ( | 30.4 | 19.4| 10.2 | 97 | 5

Amt of Ni(ll) left in solution 169.6) 808 297 W] 5
Egm con in 1000ml (Ce) 848 408 1485 515 |25
CelYe 27.8| 213 144 573 f

Freundlich isotherm

The Freundlich isotherm equation is used for thecdption of multilayer adsorption with the intetiao between
adsorbed molecules. The model predicts that therhdte concentration in the solution will be ingieg. The
model applies to the adsorption onto heterogeneaufaces with uniform energy distribution and reiee
adsorption. The non-linear form of Freundlich egqpratnay be written as

ge = Kf Cl/nf
The linearised form of Freundlich isotherm is gi\®nthe equation

log g, =log K¢+ 1/n log G

where
de = Amount adsorbed per unit weight of adsorbemwigaiilibrium (mg ¢
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Ce = Equilibrium concentration of adsorbate in Sotuafter adsorption (mg dfn
K= Emprical Freundlich constant or capacity factag(g")
1/n = Freundlich exponent

Non-linear behaviour of adsorption indicates thddaaption energy barrier increase exponentiallyhwicreasing
fraction of filled sites on the adsorbent .

2.0
1.5
()
o
o 1.0
o
0.5
0.0 T T T 1
0 1 2 3 4
log Ce

Figure 19 Effect of initial concentration on the Feundlich adsorption of Pb(ll) ion by chitosan-g-PANcopolymer

log K|0.2197
1/n [0.502¢
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Figure 20 Effect of initial concentration on the Feundlich adsorption of Ni (Il) ion by chitosan-g-PAN copolymer

log K | 0.09331
1/n 0.4604

Table 4 The Freundlich isotherm parameters for Leadand Nickel on Chitosan-g-PAN copolymer

Metal ions Freundlich Parameters

Kt (mg.g*) n R
Pb(ll) 1.6584 1.9888 0.978%
Ni(ll) 1.2397 2.1720, 0.9394

The Freundlich isotherm parameter 1/n measuregadberption intensity of metal ions on biosorbérgble 3.10
showed that the Freundlich constantsakid n were 1.6584 and 1.9888 for lead and 1.28872al720 for nickel.
Other than homogeneous surface, the Freundlichtieguia also suitable for a highly heterogeneou$ase and an
adsorption isotherm indicates the multilayer adsomp The value of 1/n, less than unity is an iatiicn that
significant adsorption takes place at low concéiatnebut in the increase in the amount adsorbell @gncentration
becomes less significant at higher concentratind \éce versa.
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In the present study where CS-g-PAN was used aadaarbent the n values between 1 -10 represenfitiahe
adsorption.

3.6.2 Langmuir Isotherm

The application of biosorption process on the comciaé scale requires proper quantification of trerpsion
equilibrium for process simulation. The Langmuiruation has been frequently used to give the sarptio
equilibrium. The Langmuir isotherm represents theiléorium distribution of metal ions between thelid and
liquid phases. The Langmuir model assumes thatugitake of metal ions occurs on a homogenous sutfgice
monolayer adsorption without any interaction betweelsorbed ions. To get the equilibrium data, ahithetal
concentrations were varied while the adsorbent nragsach sample was kept constant. The linearisadytuir
isotherm allows the calculation of adsorption caEsand Langmuir constant by the following eqoati

Cey PGy 1
- = 4
Cads KL KL
c K
max b
where

C.gs = amount of metal ions adsorbed (mJg g

Ceq = equilibrium concentration of metal ion insdn (mg dri?)
K. = Langmuir constant (chg™)

b = Langmuir constant (dng?)

Cmax = Maximum metal ion to adsorb onto 1g adsorbetg")

The constant “b” in the Langmuir equation is redate the energy or the net enthalpy of the sorpgitess. The
constant KK can be used to determine the enthalpy of adsorpfiba constants “b” and ‘K are the characteristics
of the Langmnuir equation and can be determinech fitee linearised form of the Langmuir equation lirkarised
plot of G.¢/C.4s against G, gives “K " and “b’.
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Figure 21 Effect of initial concentration on the Laxgmuir adsorption of Pb(ll) by chitosan-g-PAN copoymer

Table 5 Adsorption isotherm constant, G.axand correlation coefficients

Metal ions Langmuir constants
K. (dm*gh) | bdm*mg?) | Cra(mggh) | R
Pb(Il) 3.080 0.01954 157.62 0.9842
Ni(ll) 6.629 0.02770 239.314 0.9854
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Figure 22 Effect of initial concentration on the Laagmuir adsorption of Ni(ll) by chitosan-g-PAN copolymer

Linear Langmuir plot indicates the formation of rtayer coverage of adsorbate on the surface ofradsbCax
value for nickel is high as compared to that oflledhe values are 239.314 mg of nickel per gramhitbsan-g-
polyacrylonitrile and 157.62 mg of lead per granchitosan-g-polyacrylonitrile. Value & shows correlation or
linear relationship. The relationship becomes morear with the values closer to 1. Thus, it isrduthat the
adsorption of Pb(Il) and Ni(ll) ontehitosan-g-polyacrylonitrile correlates well witlhgmuir equation.

The essential features of a Langmuir isotherm carexpressed in terms of a dimensionless constgairat@on
factor or equilibrium parameter, Bhat is used to predict if an adsorption systefavsurable or unfavourable.

The separation factor, Rs defined by

1
RL:

1+bG

where G is the final Pb(ll)and Ni(ll) concentration (mg dmand b is the Langmuir adsorption equilibrium
constant (drfimg?). The parameter indicates the isotherm shape dicgpto Table - 6.

Table — 6 Effect of separation factor on isothermtgpe

R, Values | Type of isothern
R >1 Unfavourable
R =1 Linear
0<R<1 Favourable

R=0 Irreversible

Table — 7 R values based on Langmuir adsorption

Metal ions | Initial concentration Co(mg/dm®) | Final concentration G(mg/dm®) | R, Values
781 0.0662
500 344 0.1366
Pb(Il) 200 98.5 0.3557
100 46 0.5323
50 17.3 0.7059
1000 848 0.0408
50C 40¢ 0.082:
Ni(lr) 200 148.5 0.1955
100 51.5 0.4121
50 25 0.5908
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The values of Rcalculated for different Pb(ll) and Ni(ll) conceaion are given inTable — 7.As the values are in
the range of O<R<1, it indicates that the adsomptbPb(Il) and Ni(ll) onto chitosan-g-acrylonitilis favourable.
Thus, chitosan-g-polyacrylonotrile is an efficiextsorbent.

Table — 8 Regression co-efficient i comparison of two isotherms

Regression co-efficient (R

Metal ions Langmuir isotherm | Freundlich isotherm
Lead 0.9842 0.9785
Nickel 0.9854 0.9394

The value of R can give more information about the suitability afsorption model. The high values of the
correlation coefficient (R>0.9) showed that both the Langmuir and Freundsiotherm equations can satisfactorily
describe the adsorption of Pb(ll) and Ni(ll) ontotosan-g-PAN copolymer.

Langmuir isotherms for Pb(Il) and Ni(ll) are shoimrFigures 21 and 22and the related parameters of the isotherm
are given inTable 7. Maximum adsorption capacity & for complete monolayer coverage is 157(6% g%) for
Lead and 239.31@ng g*) for Nickel.

Thus, the adsorption pattern of two metal ions hitbsan-g-PAN copolymer was well fitted by Langmasr well as
Freundlich isotherm in the experimental concendratiange, according to the values of correlatioeffaent, R.
The Langmuir and Freundlich isotherm models pradidee best fit for experimental data which indicate
monolayer as well as multilayer adsorption.

CONCLUSION

From the above results and discussion it becamdervithat the chitosan-g-PAN copolymer was prepared
successfully. The FTIR, TGA, XRD, and SEM resultfirm the formation of copolymer. The decreaseha
crystallinity of the copolymers with reference targ chitosan was proved by XRD studies. Both moresland
multilayer adsorption of heavy metals lead and @lickas proved by conducting adsorption studieshitbsan-g-
PAN copolymer by Langmuir and Freundlich adsorptisotherms. The prepared copolymer was used fr th
remediation of heavy metals in the wastewater. &tyolymer was chosen for the batch adsorption etudy
varying adsorbent dose, pH and contact time unpém@&ed conditions and metal analyses were cawigdnd the
results showed that the copolymer was an excediésdrbent.
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