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ABSTRACT

Heavy metal contamination is a potential threat to drinking water sources. Chromium (VI) is more water soluble, it
easily enters living cells and is much more toxic than Chromium (l11). In the same way, the presence of excess
copper metal ions in the human body leads to lot of toxicological effects such as hepatocirrhosis. In the present
study, the blending of cross linked Chitosan with copolymers Poly AcryloNitrile (PAN) has been synthesized in
presence of cross linking agent glutaraldehyde in 2% aqueous acetic acid solution. The synthesized copolymer blend
was subjected to the analytical techniques like Fourier Transform Infrared Spectroscopy (FT-IR), and XRD studies
to confirm the formation of copolymer blends. The prepared copolymer blend was subjected to heavy metal
contaminated wastewater and the results revealed that the prepared copolymer blends are excellent in removing all
the metal ions by adsorption. Hence the cross linked Chitosan-Poly acrylonitrile (CS'PAN) copolymer blends could
successfully open a way for the Chromium (V1) and Copper (Il) ions removal from the aqueous solutions. The
adsorption capacity of the copolymer blends were determined by using Langmuir and Freundlich adsorption
isotherms.
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INTRODUCTION

Spurious and intensified industrial activity in thezent years is greatly contributing to an inceeiasthe discharge
of toxic compounds in the natural environment, ipalarly in aquatic systems. Heavy metals are rtur
components of the Earth's crust. They cannot beaded or destroyed. To a small extent they entebodies via
food, drinking water and air. As trace elementsnsdieavy metals (e.g. copper, selenium, zinc) sserdial to
maintain the metabolism of the human body. Howeathigher concentrations they can lead to poigpriteavy
metal poisoning could result, for instance, fronmking-water contamination (e.g. lead pipes), haghbient air
concentrations near emission sources, or intakéheifood chain.

Heavy metals are dangerous because they tenddodoimulation. Heavy metals such as Hg, Cr, PbCNj,Cd and
Zn are usually associated with toxicity [1, 2]. r@mium (Cr) exists in oxidation states (di-, typenta-, and hexa)
trivalent chromium together with the hexavalentestean be mainly present in the aquatic environnibrtalent
chromium acts as the micro nutrients which is esslefor glycolysis whereas hexavalent chromiunb@ times
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toxic than trivalent chromium. It is carcinogenicdamutagenic as well as being a strong oxidizingnagvhich

irritates plant and animal tissues even in smadingjties. It diffuses rapidly through soil and atic@nvironments
as well as readily passing through skin. In hutnady, copper is maintained in homeostasis [3]hdf percentage
of the Copper ions in the body increases then itldv@ause toxic effects such as haemolysis, jaendic even
death [4]. Most recently, the study indicates tthed overload of common copper in vivo can inducset of

toxicological activities such as hepatocirrhosi fhanges in lipid profile, oxidative stress, redgsfunction [6]

and stimulation of mucous membrane of alimentanata

Effective removal of these heavy metals from thetesaters has therefore received much attentioecient times.
[7, 8], different technologies have evolved foe ttemoval of heavy metals from water, such as ircha@&nge,
precipitation, flotation, solvent extraction, adstisn and electrolytic methods [9, 10]. More attenthas recently
been focused on biopolymers and bio adsorbentsserbee naturally produced and have no adverse tngrac
human or environmental health. Polysaccharidesdiktsan, a natural amino polymer plays an impartale in
treatment of waste water [11-15].

Chitin poly (1->4)-2-acetamide-2-deofyb-glucan is a natural polymer extracted commelcimbm the shells of
crustaceans such as prawns, crabs, krill, insaudsshrimps [16]. Chitosan poly (1->4)-2-amino-2-gg®-D-
glucan is prepared from chitin by partially deataing its acetamido groups with strong alkalinéugon. Chitin
and chitosan are widely used for the treatment adtewater which decreases the chemical oxygen deratal
nitrogen and destroy the microbial population [1Ghitosan has its limitations like acidic solulylilow thermal
and mechanical stability. To rectify these drawlsackhitosan can be modified physically and cherhical
Nowadays lot of attention has been paid on chenmalification of chitosan. One such important migdifion is
polymer blending. Blending of cross linked chitoseth copolymers like polyacrylonitrile and polyséyne is quite
promising. In chitosan both hydroxyl and amino greware possible sites for the reaction to incomgongw and
desired functional groups [18-19]. Blending of $yettc polymers on to chitosan can introduce desmegerties
and enlarge the field of applications by choosiagous types of side chains. In the present woitosan which
was cross linked with glutaraldehyde has been lglémndth the copolymers polyacrylonitrile and polyshe with
an aim to develop a product, which could be usedhe removal of Cu(ll) and Cr(VI) ions from wastaer. The
polymer blend obtained was subjected to variousytioal techniques such as FTIR and XRD to confiha blend
formation. The equilibrium adsorption of Cr(ll) ai@t(VI) ions onto chitosan-coplymer blends from teagater
was investigated. The adsorption capacity for tteogption of Cu(ll) and Cr (VI) ions onto chitoshlends were
determined using Langmuir and Freundlich equations.

MATERIALS AND METHODS

Materials: Chitosan was a kind gift from Indian Sea food, GoclKerala, India. The cross linking agent
glutaraldehyde was obtained from Central Drug Hdu$eate Ltd, Mumbai. Polyacrylonitrile and polystpe were
purchased from Sigma Aldrich, Bangalore, India.th# chemicals used in the study are of analytcade.

Preparation of cross linked chitosan:Initially chitosan solution was prepared by dissandv2g of Chitosan in 50
ml of 2% ag. acetic acid solution with constantristg for 4 h to form a homogeneous solution. Th&mml of cross
linking agent glutaraldehyde was added to the alpogpared Chitosan solution (100 ml) which was tstémed for

20 min using a magnetic stirrer.

Preparation of copolymer blends:The above prepared chitosan solution (100 ml)PAY (Aldrich 18131-5) and
50 ml of dimethylformamide (DMF) were stirred forhdin a magnetic stirrer to form a homogenous smiutThe
resultant mixture was kept for 4 h and the solutias casted in polyacrylonitrile plates and driedracuum at
70°C. Similar procedure was adopted for the bldnabtystyrene in different weight ratios (1:1) & ).

Characterization of Polymer blends: The prepared copolymer blends were characterizaty usvo excellent
analytical techniques such as FT-IR and XRD. Tratriment used for to determine the FT-IR spectniopauf
copolymer blends in the present study is PerkilmeE spectrophotometer. The FT-IR spectra was obthin solid
state using KBr pellets in the wave length betwd@f cm' to 4000 crit . The physical nature of the copolymer
blends were investigated using XRD studies.
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Physical characteristics of copolymer blendsThe prepared copolymer blends were appeared ashiti- solids,
which have more acidic solubility than chitosann@loThe adsorption capacity of these copolymerddesiso
would increase because of the good surface aretodbie blending of copolymers.

RESULTS AND DISCUSSION

FTIR Characterization: The cross linked chitosan blended with polyacryidlei in two different ratios (1:1) &
(1:2) are shown in the Fig. 1 & 2. When the copayris blended with chitosan it forms a strong hgem bond
with the free amine groups present in chitosarshasvn by the shift to 2342.25 &nfrom 2387.19 cm.The C=0
bond becomes stronger and it is shifted to higresuencies(1624 ¢ This is due to the propagation of electrons
from the acrylo nitrile group into nitrogen presémfree amine. The frequency which is observe2i#0.98 crit is
due to nitrile group in PAN. This moderation is daenter molecular hydrogen bond with the acidiotpn present

in free amine group in chitosan. When the percentagio of PAN increases then the NHtretching frequency
becomes very weak and almost disappears in therapewd also the C=0 stretching frequency is dhiftemuch
higher frequencies (1627 ¢ih These observations clearly indicate completaditey of chitosan with PAN.
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Fig. 1 1:1 ratio FTIR spectra of cross linked chitgsan with polyacrylonitrile
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Fig. 2 1:2 ratio FTIR spectra of cross linked chitgsan with polyacrylonitrile

XRD analysis of copolymer blendsfig. 3 shows XRD spectra of pure chitosan and #ghows the XRD spectra
of 1:1 ratio of cross linked chitosan-polyacrylaitét blend in the presence of cross-linking ageotagaldehyde.
This shows a peak at?226. This is short and broad. This indicates that lature of the polymer blend is in
amorphous phase. Fig. 5 shows the XRD spectra2ofatio of cross linked chitosan polyacrylonitrdkend in the
presence of cross-linking agent glutaraldehyde.hArtsand broad peak appears &=25. The lower 2 value
indicates the poor crystallinity of the copolymeerd, which is very good for heavy metal adsorptibhe more
amorphous nature of the copolymer blend the bettidre adsorption of the heavy metal ions.
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Fig. 3 XRD spectra of cross linked chitosan with gitaraldehyde
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Fig. 4 XRD spectra of 1:1 ratio of cross linked chosan-polyacrylonitrile blend

Thermo gravimetric analysis (TGA): Fig. 6 shows TGA spectra of pure chitosan, Fignd 8 show the TGA
spectra of 1:1 & 1:2 ratio of cross linked chitogalyacrylonitrile blend in the presence of crosdihg agent
glutaraldehyde. TGA has been used to ascertainhtétrenal stability of the polymer. So the preparidahs were
subjected to TGA analysis [20]. Four stages ofraégtion are observed. Initially a moisture losofeed by
ternary moiety disintegrating to a binary and thervarious decomposed products was followed. Tist fitage
appeared around 1D, corresponding to the evaporation of water ad=sbend/or weakly hydrogen-bonded water.
The second weight loss at about 43@vas probably due to the ternary moiety disintémgato a binary moiety.
Then the significant mass loss at about’@2%as probably due to the depolymerization of thepared blend
followed by decomposition of the pyranose ringse Tast step was seen at around’6875The blend prepared in the
presence of crosslinking agent showed high thestadlility. Results revealed the increase in thentlagé stability of
the polymer blend in the presence of cross-linkiggnt.
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Fig. 5 XRD spectra of 1:2 ratio of cross linked cliosan-polyacrylonitrile blend
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Fig. 7 TG/DTG of chitosan, Polyacrylonitrile blendration (1:1)

32
www.scholar sresear chlibrary.com



N. Prakashet al Der Pharma Chemica, 2013, 5 (6):28-40

281.46°C

253.78°C
179.80ig

Heat Flow (Wig)

30 25 80 105 130 155 150 205 230 255 260 abs 3%
Exo Up Temperature (°C) Universal V4.54 TA Instrument s

Fig. 8 TG/DTG of chitosan, Polyacrylonitrile blendration (1:2)

Differential Scanning Calorimetry (DSC): DSC studies help to understand the thermal behafitine polymer
blend as shown in Fig. 9 & 11 There are two sepawgions, one at 35-7& and the other at 82460°C. The peak
at 60C may be due to melting point of PAN. There are mtber peaks around 1 These may be due to
chitosan and blend film. Depending on PAN contéet peaks due to pure chitosan shifts to a loweomnegnd the
other one shift to higher region. It is also repdrf21, 22] that the two peaks may be due to eajoor of solvent.
The peak at 27C is an exothermic peak and this is due to degi@maif the main chain and this is for pure
chitosan. With the addition of PAN this exothermizak is shifted to higher temperature, to®Z75If excess PAN
is present this peak would have shifted to low terafure. The endothermic peak and the glass ti@msit
temperature of the samples are expected to bedhdtthe higher region. This suggests that thertakstability of
the blend is higher.

The pure CS blend films showed a relatively lange sharp endothermic curve with a peak €39

Endothermic curve - broad and obtuse is shiftedatd® the low temperature thus indicating that thystalline
nature of CS was decreased by the addition of RAMas observed that the peaks of the endotherarices shifted
towards the low temperature from°89to 75C with increasing PEG content in the blend. Thimdestrated that
the PAN content in the blend lead to decreasinddeay of crystallization of the blend. Also it walsserved that
the peaks of the endothermic curves are shifteardsvthe high temperature®@with increasing CS content in the
blend. Single T in this curve shows a good polymer — polymer nhigity, The Tg increases due to effective
crosslinking.
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Fig. 9 DSC of pure chitosan blend
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Effect of contact time on the adsorption of chromim and copper ions using CS/PAN copolymer blend

The percentage removal of the metal ions in thetreplating industry effluent with respect to casites shown in
Fig. 12. The Adsorption efficiency of Chromium (Vénd Copper (ll) with the contact time using CCSWPA
copolymer blend is Fig. 1dhe efficiency increases with the increase of atrtiene.

An active metal complex with metal ions is formddce more time is made available as contact timéial

removal of the metal from the solutions is verytfddowever, as the contact time increases theieffoy of
removal decreases. This is due to the decreasetioé sites on the blend for the adsorption of mietas. This is
the equilibrium point, one of the important paraenethich is a useful in the economical removal ey metals

from waste water.
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Fig. 12 Effect of time in the adsorption of Ct® and Cu'? ions using CS/PAN copolymer blend

Effect of adsorbent dosage on the adsorption of GI) AND Cu(ll) ions using CS/PAN blend
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Fig. 13 Effect of Adsorbent dosage in the adsorptiof Cr*® and Cu'? ions using CS/PAN copolymer blend

The effect of adsorbent dosage on the wastewatatntent is shown in the Fig. 13. As the adsorbestge
increases the surface area and the number of possies for the metal ion adsorption also increa¥¢hen the
adsorbent dosage increases from 1g/L to 5¢/L theost 95% of the metal ions are removed.

Effect of pH on the adsorption of Cr (VI) and Cu (ll) ions using CS/PAN blend

Fig. 14 shows the effect of pH in the adsorptiorctmfornium and copper from wastewater using CS/PANper

blend. The hydrogen and hydroxyl ions are adsothet® strongly, and therefore the adsorptions b&pions are
affected by the pH of the solution [23]. It is obss that with the increase in the pH of the solitithe extent of
metal ions removal increases. As shown in the p¢age removal of the metal ions from the industifluent is

increased with the increase of pH upto 5 and a#ede the efficiency of adsorption decreases. Thiexplained
from the fact that there is a competition between grotons from the acidic solution and the megdilbos for the
same functional groups on the surface and alsddaltree lower repulsion on the surface the adsanggiticiency of

the metal ions increases with the increase of gté ddsorption of metal ions will decrease by theodaent with
further increase of pH because of the soluble hydrcomplexes.
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Fig. 14 Effect of pH in the adsorption of C#® and Cu?ions using CS/PAN copolymer blend

Langmuir Adsorption Isotherm

The adsorption involves the attachment of only tayer of molecules to the surface, i.e. monolayisoaption.
Adsorption is reversible and the adsorbed molecal@ot migrate across the surface or interact méilghboring
molecules [24, 25].

According to the above assumptions he derived aaten
KpCg

C = -89 3
ads 1+bC,q

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

C. b,
8 — J. i ll."llKL 4
Cads Kp
— ¢
cma:{ - I-{L-"'b 5

Where, C,4s = amount of metal ions adsorbed (m'@-,gﬁeq = equilibrium concentration of metal ions in solution
(mg-dm®), K. = Langmuir constant (dfng®), b = Langmuir constant (dfrmg), G.x = maximum metal ions to
adsorb onto 1 g chitosan (m)g

The constanb in the Langmuir equation is related to the energyhe net enthalpy of the sorption process. The
constant, can be used to determine the enthalpy of adsorfi2i®h At the optimum conditions of adsorbent dose
and the Ph the copper and chromium solutions wfferdnt concentrations were agitated and the gniurom the
bottle was taken to analyse the unabsorbed chron@nth copper at equilibrium. A plot of fCuys VS Gyq
confirming the applicability of the Langmuir adsorption isatime The equilibrium parameter Rs used to
determine whether the adsorption isotherm is faafoleror unfavourable [27] it was calculated usimg following
formula.

R, =1+ bC, 6

Where G is the final Cr(VI) and Cu(ll) concentration (mgit) and b is the Langmuir adsorption equilibrium
constant (drfimg). In the present study the Ralues obtained in the adsorption of Cr(VI) andIGuons by using
both the blends CS/PAN are less than opellR So the Langmuir adsorption is suitable formbblends. Fig. 15
and 16 showlLangmuir adsorption of chromium and eopgnd the Table 1-3 indicate various parameters of
chromium and copper.
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Fig. 15 Langmuir plot for the adsorption of Cr(VI) ions onto CS/PAN copolymer blend
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Fig. 16 Langmuir plot for the adsorption of Cu (Il) ions onto CS/PAN copolymer blend

Table 1 Adsorption isotherm constant, G.ax and correlation coefficients for removal of Cr (VI) and Cu (Il) using CS/PAN copolymer

blend
Metal ion Langmuir constants
K (dn?/g) [ b(dniimg) | G (mg/g) [ R
Cr(VI) 0.61690 0.0014935 413.05 0.8630
Cu(ln 0.968¢ 0.00295: 328.0% 0.696¢ |

Table 2 R Values based on Langmuir adsorption isotherm fortie removal of Cr (VI) ions using CS/PAN Copolymer kend

Metal ion Initial concentration(Co) Final Concenima(C) | R. Values

1000 320 0.67662

500 145 0.82199

Cr (VI) metal ions 200 55 0.92409
10C 23 0.9667¢

50 125 0.98167
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Table 3 R Values based on Langmuir adsorption isotherm fortie removal of Cu (ll) ions using CS/PAN Copolymer kend

Metal ion Initial concentration( | Final Concentration({ | R. Values
1000 265 0.5610
500 105 0.7633
200 45 0.8827
Cu (Il) metal ions 10C 19 0.946¢
50 6.5 0.9812

Freundlich adsorption isotherm

Freundlich adsorption isotherm is obeyed by thegid®ns where the adsorbate forms a monomoletajar on
the surface of the adsorbent. According to this ehdlde adsorbed mass per mass of adsorbent caassxby a
power law function of the solute concentration as.

q. =Kg € 7

Where, Kg = Freundlich constant related with adsorption cépa¢mg/g), n = heterogeneity, coefficient
(dimensionless) for linearization of the data.

logq, = log K; + %logce 8

The plot of logge (G/Y) versus logCe has a slope with the value ohiahd an Intercept magnitude of Ikg

0e= amount of metal ion adsorbed (mgd),gC. = equilibrium concentration in solution (mg-dmi/n = Freundlich
constant (mg-9, K = Freundlich constant (g-

According to this adsorption model

(i) Atlow pressure, the extent of adsorption variesarly with pressure .gp
(i) At high pressure, it becomes independent of presspir< p,

(iii) At moderate pressure depends upon pressure raised to powers: g

According to this adsorption method ‘n’ is alwayeater than one, indicating that the amount of @tlsorbate
adsorbed does not increase as rapidly as the peeasd this value ofi, falling in the range of 1-10 indicates
favourable biosorption [29]. The numerical value 18h < 1 indicates that adsorption capacity is oslightly
suppressed at lower equilibrium concentrationghis present study the experimental data were fitedd in the
Freundlich adsorption model and the values of A8 §hown in the tables 4) for both the copolymenks CS/PAN
and CS/PST are greater than one (n>1) indicatesttisaa favorable biosorption. Fig. 17 and 18 adl fitted in
the Freundlich adsorption model.

Table 4 Frendlich constants for CS/PAN copolymer gqaolymer blend

Metal ions Frendlich constants

Kg n
cr(v) 1.331 | 1.14C | 0.996¢

Cu(ll) | 1.76( | 1.26¢ | 0.988«
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Fig. 17 Frendlich plot for the adsorption of Cr(VI) ions onto CS/PAN copolymer blend
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Fig. 18 Freundlich plot for the adsorption of Cu (I) ions onto CS/PAN copolymer blend

CONCLUSION

The present study has proven the formation of tinkssl chitosan-polyacrylo nitrile blend through4H and XRD
studies. The effect of physical properties like gdntact time and adsorbent dosage on the adsorptiCr (V1)

and Cu (Il) metal ions have been successfully stlidihe adsorption capacities of these polymerdsleén the
uptake of metal ions were plotted on Langmuir areliRdlich adsorption isotherms. The chromium mietad were
adsorbed more when compared with the copper marnal by copolymer blend according to Langmuir adsomnp
isotherm. The adsorption values were well fitted-reundlich adsorption isotherm when compared wahgmuir
adsorption isotherm. So according to this studyg tlpolymer adsorption was a multilayer adsorptidme study
also proves the effective heavy metal ion removal.
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