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ABSTRACT

The synthesis and characterization of interpenetrating polymer networks
(IPN) comprised of chitosan and polyacrylamide, which could be used asa
biosorbent was successfully achieved. The uptake of metal ions such as
Cr(VI), Fe(11), Co(l1), Ni(l1), Cu(I1) and Zn(I1) wasinvestigated and the con-
ditionswere optimized. Various spectroanalytical toolssuchasFT-IR, EPR,
SEM, SEM EDAX and PXRD were used for the characterization of the
synthesized IPN and the derived metal complexes. Parameters such as pH
of the solution, concentration of the metal ion solution, and temperature
were found to control adsorption process and the order of adsorption ca-
pacities for the studied metal ions was Cr(V1) > Fe(11) > Cu(ll) > Zn(l1) >
Ni(1) > Co(ll). Of the various adsorption isotherms Freundlich isotherm
explainsthe experimental data satisfactorily. Thermodynamic study revealed
the exothermic nature as well as the spontaneity of Cr(V1) adsorption by
IPN. The possibility of IPN to be used as an effective adsorbent was evi-
dent from the selectivity towards Cu(l1) from simulated waste water. This
study showed that | PN could be used as an efficient adsorbent material for
the removal of metal ions from aqueous solutions.

© 2014 Trade Sciencelnc. - INDIA

KEYWORDS

Adsorption;
Interpenetrating network;
Polyacrylamide;
Metal uptake;
Schiff’s base.

INTRODUCTION

Theaccumulation of metd ionsintheenvironment
isathreat to human health and remediation becomes
important!*2, Of the various methodsthat have been
used for pre concentration and separation of trace met-
as, sorption isregarded asthemost effective and eco-
nomical method®. Biosorptioniseffectiveinremoving
contaminants from the effluents. Chitosan obtained
from chitin® isoneof thecommonly used adsorbentgs7.
M odification of raw chitosan becomes necessary for
theimprovement of its propertiesincluding adsorption

capacity®9. Chemicd modificationsinclude cross-link-
ing usingasuitable crosslinking agent and formation of
networks by incorporation of another polymer matrix.
By incorporating chitosaninaninert hydrophilicmedia
like polyacrylamide porosity, surfaceareaand particle
characteristicscan beimproved?. Bifunctional glut-
araldehydeisthe crosslinking agent used for chitosan
leading to the formation of Schiff’s base!™. Aninter-
penetrating network could be madefrom chitosan and
acrylamide. Inthisstudy such aninterpenetrating net-
work was prepared and investigated for itsmetal up-
take characterigtics.
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EXPERIMENTAL

Materials

Chitosan (deacetylation percentage 90%), was pur-
chased from Marine Chemicals, Kochi, Kerala, India
and used asreceived. Cr(VI), Fe(I1), Co(ll), Ni(ll),
Cu(ll), Zn(11), and Cd(I) salts were obtained from
Merck, India. Glutara dehyde (25%) was purchased
from Lobo, India All other chemicasand solventswere
of analytical gradeand used asrecelved.

I nstrumentation

Fourier transform infrared spectra (FT-IR) were
recorded on aPerkin - Elmer Spectrum 400 FTIR spec-
trophotometer. Metal ion concentrations were deter-
mined using Shimadzu UV-vis spectrophotometer
model 2450. ESR spectrum wasrecorded at liquid ni-
trogen temperature, on a varian spectrophotometer
(USA). SEM and SEM EDAX pictures were taken
using Jeol JSM - 6390 A scanning €l ectron mi croscope.
For selectivity sudies, themetd ion concentrationswere
determined using Perkin - EImer AAnayst 300 atomic
absorption spectrophotometer.

Preparation of | PN

Thechitosan dissolvedin 2% aceticacid wasmixed
with glutaraldehyde solution and stirred mechanically
for 1 hour. Solutions of acrylamide, N, N’-
methylenebisacrylamide (NNMBA) and TEMED
(N,N,N’,N’-tetramethylethylenediamine) (3wt% of the
acrylamide monomer) were added into the chitosan
solution and stirred for further 1 h. Thegel formed was
washed severd timeswith water, dewatered in metha-
nol, dried at 50°C and kept in asea ed container.

Adsor ption experiments

Batch equilibration experimentswerecarried out in
120 mL flasks for 3 hours, with 10 mL of standard
solutionsof Cr(V1), Fe(ll), Co(ll), Ni(ll), Cu(ll), and
Zn(I1) and 50 mg IPN. The concentration of Cr(V1),
Fe(11), Co(I1), Ni(11), and Cu(ll) ionsin the residual
solution wasfollowed spectrophotometricaly and that
of Zn(Il) ionstitrimetrically. Each experiment wasdu-
plicated under identical conditions. Theamount of ad-
sorption at equilibrium Q. wasobtained asfollows.
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whereQ, istheequilibrium adsorption capacity inmeq
g*of thelPN, C_and C_aretheinitial and equilibrium
concentration of thesolute (mgL).V isthevolumeof
thesolution (L), W istheweight of thelPN(g) andM is
theatomicweight of the corresponding meta ion.

The optimum pH for maximum complexation was
determined by studying the meta uptake of thelPN as
afunction of pH. The PN wasadded to themetal salt
solution of definitepH and kept for complexationfor 3
h. The concentration of metal ioninthe solutionwas
determined by suitable methods.

RESULTSAND DISCUSSION

Synthesisof inter penetrating polymer network

Crosdinking of chitosanleadsto higher sability. As
thisreactioninvolvesamino groupsadecreasein the
adsorption capacity may result. But actually the cre-
ation of athreedimensional network produced an en-
hancement in adsorption capacity.

(Refer supplementary information for scheme)

Characterisation
Fourier transforminfrared (FT-1R) spectroscopy

The reaction between chitosan and glutaral dehyde
leadsto theformation of azomethinegroup (C=N). It
appears asa strong peak at 1656 cm. The-NH de-
formation vibration of amino group appearsat 1450
cmrt. The peak at 1374 cnrtisdueto -C-N stretching
vibration and that at 1656 cm isdueto the carbonyl
group of secondary amide of the incorporated
crosdinked polyacrylamide. Thestrong band intherange
3050-3200 cnt corresponds to N-H stretching fre-
guency. IPN metal complexes show shiftsintheband
corresponding to azomethine group and secondary al-
coholic group (10-16 cm?) thusgiving evidencefor the
involvement of thesegroupsin chdation.

X-ray powder diffraction analysis

Thesuitability of IPN for the metal uptakeisevi-
dent from the XRPD pattern (supplementary informa:
tion).

M etal ion complexation
Theresultsof thebatch adsorption experimentsare

summarized in Figure 1. Themeta uptakefollowsthe
order Cr(VI) > Fe(ll) > Cu(ll) > Zn(ll) > Ni(ll) >
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Co(Il). The hydrophilic nature and flexibility of the
crosslinker dso playsasignificant rolein dlowing the
metal ionsto diffuseinto the polymer matrix*2.

3
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Figurel: Metal ion complexation of | PN
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I nfluenceof pH

Metal ion sorption isdependent on the pH of the
experimentd solution and aso onthenaureof themetd
ion. H* occupies most of the adsorption sites at low
pH™ and hencethemetd sorptionislow. Thereverse
isthecasewith Cr(V1)ions. Inagueoussolution Cr (V1)
ions can exist in variousforms depending on the con-
centration and pH of the solution. HCrO, isthe pre-
dominant speciesintheacidic solutions (pH 2-5). Due
to protonation the IPN remains positively charged at
low pH. Theprevalent € ectrostatic attraction between
thepositively charged IPN and themonovaent HCrO,
ion leads to an increased uptake at lower pH!4, At
higher pH deprotonation of IPN occursand Cr(V1) ion
uptake showsadecrease. The meta uptake showsan
increasefrom pH 1.5to 3.6 and then showsadrastic
decrease, withincreasing pH.

Graphisincludedin the supplementary informa
tion.

Adsorption isotherms

Equilibrium adsorption datafor the adsorption of
Cr(VI) ion on IPN were subjected to Langmuir,
Freundlich and Dubinin- Radushkevich adsorptioniso-
therms.

1. Langmuir isotherm
Discussionisincluded in supplementary informa-
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tion.
2.Freundlichisotherm
Freundlichisothermequationis

Q. =kC,"" ©)
whereQ, istheamount of metal ionsadsorbed (mgg?),
C, istheeqiilibrium concentration of metal ions(mgL™).
Thelinearised form of theequationis

l0gQe = I/nlogC, + logk 4
wherek and n are Freundlich constantsindicating ad-
sorption capacity and intensity respectively. A smaller
1/nvaueindicates a heterogeneous system, avalue
approaching unity indicatesahomogeneous system(*,
Theplotof log Q_versuslog C resultsinastraight line.
Thisisotherm expresses adsorption to betaking place
on heterogeneous surfaces™®. Figure 2illustratesalin-
ear Freundlich plot for theadsorption of Cr(V1) onIPN.
Theconstantsaretabulated intheTable Sl 3.
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Figure2: Freundlichisothermfor theadsor ption of Cr (V1)
ionson PN

TheR valueis0.9991 which indicates best fit of
theexperimenta datawith Freundlichisotherm equa-
tion. Thevalidity of Freundlichisotherm supportsthe
heterogeneous nature of the sorption.

Distinction between physica and chemica adsorp-
tion canbedonewith thehdp of Dubinin-Radushkevich
isotherm.

INQ, = Ke? +InQpr
Polanyi potentid (¢) isgiven by

©)

a=RTIn(1+é) 6)

Theplot of INQ_versuse? givesastraight lineplot.
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The mean energy of adsorption was calculated using
theequation 7.
E=(-2K)" )
Themeanadsorptionenergy (E) involved thetransfer
of onemoleof the solutefrominfinity tothesurface of
the adsorbent. The mean adsorption energy intherange
1-8 kJ/mol predicts physical adsorption. The mean
adsorption energy (E) based on Dubinin-Radushkevich
isothermisfound to be 8.32 kJ/mol. Thusthe physica
adsorptionisinvolved in the adsorption process. The
constantsaretabulatedin Table Sl 3.

Adsor ption thermodynamics
Discussionincludedin supplementary information
Competitiveadsor ption

The complexation behaviour of agiven chelating
polymer towardsvarious metal ions can be better un-
derstood by the parameter distribution Coefficient
(Kd)[l7]'

_ CadxV

~ CegxW ®
whereC_, istheamount of complexed metal ion (mg),
V isthevolumeof thesolution (mL), C ” istheamount
of uncomplexed meta ion(mg) and W istheweight of
thepolymer (g).

Cr(V1) hasthe highest valuefor thedigtribution co-
efficient and hence could be sdectively separated from
amixture of other metal ions. (For thedistribution co-
efficient va uesof metal ionsunder study refer supple-
mentary informeation)

From theresults of the competitive adsorption by
IPN shownintheFigure 3, it can be seenthat Cu(ll)
ionsundergo sel ective binding from binary mixtures
{Fe(Il), Cu(ID}, {Ni(ll), Cu(1)} and{ Cu(ll), Zn(11)}
asexpected, and from zinc contaminated solution al-
most compl eteremoval was effected. Cu(ll) ionsun-
dergo selective binding from the mixture of three meta
ionsviz. {Cr(VI), Cu(ll), Zn(1D}; {Cr(V1), Cu(ll),
Cd(I1)}; and{ Cr(V1), Ni(Il), Cd(I1)} (For figurerefer
supplementary information). The enhanced selectivity
for Cu(ll) fromthemixtureof threedifferent metal ions
may be because of the proximity of the experimental
pH to the optimum pH for Cu(ll) ion adsorption. The
separation of metal ionsfrom simulated waste water
can be carried out by the proper management of ex-

Kd
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Figure 3: The selective adsor ption from a mixture of two
metal ions

Sability and shelf lifeof the adsor bent

IPN can be stored for along timewithout appre-
ciablelossin meta uptake capacity. The polymer was
kept in sed ed container in adesi ccator for aperiod of
oneyear. Themetal uptake property wasfound to be
comparablewiththat of theinitial values (supplemen-
tary information).

CONCLUSIONS

IPN could be conveniently prepared from chitosan
and acrylamide. Crosdinking and aso theentanglement
lead to chemical aswell asphysica stability. Thead-
sorption processeswerefound to depend on pH of the
metal ion solution and temperature. IPN exhibited high
selectivity for copper ions. The studiesshow that IPN
could be used as an effective chelating agent for the
removal of metal ionsfromwastewater.
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