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ABSTRACT

The adsorption of Copper (1), Mercury (11) and Chromium (111) on chitosan
has been studied in batch mode using flame atomic absorption
spectroscopy for metal estimation. The maximum amounts of Copper (I1),
Mercury (1) and Chromium (111), adsorbed (gm), aseval uated by Langmuir
isotherm, were 14.81 mg 14.01 mg and 9.65 per gram of powder of chitosan,
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respectively. The negative values of Gibb’s free energy change (AG®)
showed that the adsorption process was feasible and spontaneous in

nature.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Heavy metd pollution has becomean environmen-
tal problem throughout the world because heavy met-
ascan beaccumulated into thefood chain and cause
serious problems, not only for ecosystemsbut also for
human hedth. Thesdectiveremova of indudtria heavy
meta sfromliquid wasteis consequently the subject of
considerableecologica and economicinterest™. Heavy
metal ions, aromatic compounds (including phenolic
derivatives, and polycyclic aromatic compounds) and
dyesare often found in the environment asaresult of
their wideindustria uses. wastescontaining solubletoxic
heavy metal srequires concentration of themetasintoa
smaller volumefollowed by recovery and securedis-
posa . Heavy metal's can be removed by adsorption on
solid matrices?.

Mercury (Hg) emissonsfromwagteincinerationare
aglobd problem, indicated by that nearly haf of theHg

emissonsreachingtheArctic originatesfromwastein-
cineration®, In most countries, thetotal Hgemissions
fromwagteincineration arelargely underestimated be-
cause of poor knowledge about Hg content in wastes
and due to economic reasonsthereareno or only lim-
ited analysesavail ableon Hg content influe gasesfrom
amgjority of thewasteincineration plantsin opera-
tiont.

Chromium (Cr) compounds are widely used by
many modern industries such asleather tanning, elec-
troplating, metd finishing, paint and pigments, resulting
inalargequantity of thiselement being dischargedinto
effluent industria wastewaters. Waterscontainingahigh
concentration of Cr can cause serious environmental
problemsaswell asinducetoxicand carcinogenichedth
effectson humang®. Therefore, theremovd of Cr from
wastewatersarousesgreat attention.

Copper (Cu) has been known as one of the most
common toxic metas, which findsitsway to thewater
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sream fromindustrieslikeelectroplating, mining, elec-
trical and electronics, iron and steel production, the
nonferrousmetd industry, the printing and photographic
industriesand metal working and finishing processes™
8- asametal provideslimited scopefor environmental
pollution, but the waste generated by copper-based
industrieswith varioustoxic elements can pollute the
environment. Copper mining, smating, andrefining ac-
tivitiesare often associated with thegeneration of alarge
quantity of wastes. Overburden, minetailings, sediment
from concentrator plantsand scrap, dag, dross, dime,
fluedust, mill scales, and dudgefromtheprocessare
themg or sourcesof pollution unlesshandled and tregted
suitably® 9,

Chitinand chitosan are of commercial interest due
totheir high percentage of nitrogen (6.9%). Amineand
hydroxyl groupsontheir chemica structuresact asche-
lation sitesfor metal ions making them useful chelating
agent. Chitin and chitosan are considered as natural
polymers which have excellent properties such as
biocompatibility, biodegradability, non-toxicity, metal
adsorption, etc'?. A recent study by Dambieset al™!
showed that chitosan beadsremoved about 60% of Cr
(V1) ions from aqueous solution. Ngah et al*? and
Gylieneet d*® stated that chitosan could be effective
adsorbent for collection of Cu (I1) ionsfrom aqueous
solutions.

Thegod of thisstudy wasto investigate the extent
of removal of contaminant heavy-metal species(Cu,
Hg and Cr) from agueous Solution by chitosan. Maxi-
mum adsor ption capacity of adsorbent, adsorptionin-
tensity of the adsorbate on adsorbent surface and ad-
sorption potentials of adsorbent were estimated by
Langmuir and Freundlichisotherms, respectively.

EXPERIMENTAL

High-molecular weight chitosan from crab shells
with ~ 81% degree of deacetylation and an average
molecular weight of gpproximately 880 kDaaccording
to manufacturerspecificationwasobtained fromAldrich
Chemical Co. Cu (I1) stock solution was prepared by
dissolving 1 gof Cu (1) metal in 50 ml of 5M nitric
acid beforedilutedto 1 L volumewith deionised water.
Standard solution of Cr (111) was prepared by dissolv-
ing 7.6960 g Cr (NO3)3-9H20 (reagent grade from

143

—== Qurrent Research Papsr

Merck, Darmstadt, Germany) in 250 mL deionized
water and dilutingto 1 L adding HNO3to obtainafina
concentration of 2% (v/v); thiswas checked against a
titrisol standard solution from Merck (Darmstadt, Ger-
many). The Hg (1) stock solution was prepared by
dissolving1gof 5M nitricacid prior todilution with
deionised water to 1 L volume. Standard sol utions of
thedesired concentrations (10-100 pgmL™t) were pre-
pared by success vedilutionsof the corresponding sock
solutions. The pH was adjusted using 0.1 M HCl and
NaOH solutions.

Equipment and appar atus

pH adjustmentsweremadewith digital pH-meter
(Sartorius, Model PP-20) usingHCI (0.1 mol L) and
NaOH (0.1 mol Lt). Mercury, Copper and Chromium
content in each experiment weredetermined with flame
atomic absorption spectrophotometer (Perkin Elmer,
AAnalyst 100).

Adsorption isotherms

The adsorption isotherms were obtained by em-
ploying 100 mg of chitosan and 25 mL of Waste solu-
tion with different concentrations (10, 20, 30, 40, 50,
60, 70, 80, 90 and 100 ug mL1). These solutionswere
stirred inamechanical shaker until they reached ad-
sorption equilibrium. The system was shaken for 90
min and then both phaseswere separated by filtration.
The metal content of the filtrate was determined by
atomic spectrometry.

pH optimization

Theremoval of Hg (11), Cu (11) and Cr (111) at dif-
ferent pH was studied in batch mode. A 25-ml of test
solution of fixed concentrationswastreated with 0.3 g
of chitosan and agitated intermittently for 45min. The
contact timeand conditionswereselected onthebasis
of preliminary experiments, which demonstrated that
equilibriumwasestablished in 45 min. After thisperiod
the sol ution then both phaseswere separated by filtra-
tion. Themetal content of thefiltrate was determined
by atomi c spectrometry. Themetal concentration re-
tained in the sorbent phase (g, mg/g) was cal cul ated
by using Eq. (1)

(Co— Cp)V

Je = —————— (@
m
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where C and C_aretheinitial andfinal (equilibrium)
concentrationsof themetal ionin solution (M), Vthe
solution volume (1) and misthemassof chitosan (g).

Equilibrium modelingin abatch system

Anaysisof equilibrium dataisimportant for devel -
oping an equation that can be used to compare differ-
ent biomateria sunder different operational conditions
and todesign and optimize an operating procedure. The
Langmuir and Freundlich equationsare commonly used
for describing adsorption equilibrium for water and
wastewater treatment applications.

Two important physicochemical aspectsfor the
evaluation of the adsorption processasaunit operation
aretheequilibrium of the adsorption and thekinetics.
Equilibrium studies givethe capacity of theadsorbent.
Theequilibrium rdaionshipsbetween theadsorbent and
the adsorbate are described by the adsorption iso-
therms. The adsorption curves were applied to both
the Langmuir and Freundlich equations. TheFreundlich
isotherm model, which assumesthat the adsorption oc-
curson heterogeneous surfaces, isoften expressed as;

Efi‘ — ;\’1‘ |_ (-‘i‘ :| t/n (2)
Thisequationisconveniently usedinthefollowinglin-
ear form:

l6=.. =
Ing. =InK; +-InC, ©)
n

whereK  isFreundlichisotherm constant (L/g) and n_
isFreundlich isotherm exponent. Valuesof K_and n
were ca culated fromtheintercept and dopeof plotsin
g,vsInC_ andagtraight lineindicatesthe confirmation
of the Freundlichisotherm for adsorption. Thevaueof
n. should be greater than one confirming good adsorp-
tion of heavy metalsonto chitosan. Langmuir isotherm,
which assume that a monolayer of heavy metalsis
formed onarelatively regular adsorbent surface, using
the partially protonated groups of the adsorbent. The
Langmuir isotherm has been successfully applied to
many real sorption processesand isexpressed asfol-
lows

Q"bC,
1 +bC,

whered, istheamount adsorbed at equilibrium (mg/g),
C, theequilibrium concentration (mg/L), b aconstant
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related to the energy or net enthal py of adsorption (L/
mg), and Q, the mass of adsorbed solute required to
saturateaunit massof adsorbent (mg/g). Q, represents
apractica limiting adsorption capacity when the sur-
faceisfully covered with heavy metalsand allowsthe
comparison of adsorption performance, particularly in
the caseswheretheadsorbent did not reachitsfull satu-
rationin experiments™. TheLangmuir equation canbe
described by thelinearized form asfollows:

C. 1 Ce
. oD ®
By plotting (C/q,) versus C, Q°and b can be deter-
mined if astraight lineisobtained. Theessential char-
acteristics of Langmuir isotherm can beexpressedin
termsof adimens onless constant, separation factor or
equilibrium parameter, R , whichisdefined by:

1
1 +bC, ©)
wherebistheLangmuir congtantand C, theinitia heavy
metalsconcentration (mg/L). R, valueindicatesthetype
of isotherm. Accordingto*¥, R vauesbetween Oand
lindicatefavorableadsorption.

Ry =

RESULTSAND DISCUSSION

Theadsorptionkineticsisinfluenced by variousfac-
tors, whichincludeinitia heavy metals concentration,
amount of adsorbent and time. Theinitia heavy metas
concentrationisone of themost important factorsthat
determinesthe equilibrium concentration, but also de-
terminesthe uptakerate of heavy metalsand thekinetic
character.

Effect of heavy metals concentration on adsor p-
tion

Figure 1 showsequilibrium adsorption isotherm of
Hg (I1), Cu (I1) and Cr (I11) on chitosan at 298 UK.
Theequilibrium adsorption density g, isincreased with
theincreaseinHg (1), Cu (1) and Cr (111) concentra-
tion. At low equilibrium heavy metal s concentrations
C,, theequilibrium adsorption densitiesq, of thechitosan
reach almost the same g, asthoseat high equilibrium
Hg (1), Cu (1) and Cr (111) concentrations. It indicates
that chitosan have high adsorption density even at low
equilibrium Hg (11), Cu (11) and Cr (111) concentrations.
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Figurel: Equilibrium adsor ptionisotherm of of Cu (1), Hg
(I and Cr (111) on chitosan

Figure 1 showsthe effect of heavy metalsconcen-
tration on chitosan adsorption. Anincreaseininitia con-
centration of heavy metasledto anincreaseinthead-
sorption capacity of heavy metalson chitosan. Thisin-
dicatesthat theinitial concentration of heavy metas
played animportant rolein the adsorption capacity of
heavy metalson heavy metas. Thedotted linesin Fig-
ures2 and 3represent alinear regressionfittothere-
sultsfor bothisotherms. However, Snceadsorption data
areof anonlinear nature, nonlinear regressonsareaso
performed on each set of datapoints. These nonlinear
regressionfitsarerepresented assolid linesin Figures
2and 3.

Thecorrdation coefficientsobtained with both kinds
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Figure2: Freundlich adsorption isothermat 298 %K .
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Figure3: Langmuir adsor ption isothermat 298 °K .
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of regression for both adsorption isothermsare sum-
marizedinTABLE 1. Thecorre ation coefficient vaues
inTABLE lindicatethat thedatafit the Langmuir iso-
therm better than the Freundlichisotherm, bothin case
of linear and nonlinear regresson.

Effect of pH

To study the effect of pH on adsorption, experi-
mentswere carried out inthe pH range 1-9 for Hg (11),
Cu (1) and Cr (111). Figure 4 showsthat theremoval of
meta ionswasincreased withincreasinginitial pH of
metd ion solution and maximum va uewasreached at
pH 4 for Cr (111), 5for Hg (1) and 5-6 for Cu (11).

Lo
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Figure4: Adsorptionrateof Cu(I1),Hg(Il1)and Cr (111) by
chitosan from aqueous solutions: Adsor ption conditions;
initial concentration of heavy metals: 20 mg/L , amount of
chitosan: 0.3 g, volume of adsorption medium: 25 mL,

temperature: 298K .
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Figure5: Effect of pH on adsorption of Cu (11),Hg(l1) and Cr
(111) on chitosan.

Changes of freeenergy

Theeffect of temperature on theadsorption of heavy
metd son chitosan wasinvestigated by conducting ex-
perimentsfor 30 mg/L of initial metalsion concentra-
tions at 298, 303, 308, 313, and 318 °K. It was ob-
served that onincreasi ng the temperature percentage
removal of heavy meta sincreased. Thisshowed that
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the adsorption processwas endothermicin nature.

Thethermodynamic parameters Gibb’s free energy
(AG®), enthalpy (AH) and entropy (AS°) were calcu-
lated us ng thefollowing equations.

fgemy AS —AH"

In | . ‘,i = gy ()
AG" = AH — TAS )
wheremistheadsorbent dose (g/L), C,isconcentra-
tionof metasion (mg/L), q,istheamount of metasion
a equilibriuminunit mass of adsorbent (mg/g), q/C, is
called the adsorption affinity. AH, AS° and AG® are
changeinenthapy (kJ/mal), entropy (J(mol K)) and
freeenergy (kJ/mol), respectively. Risthegas congtant
(8.314 Jmol/K) and T isthetemperature (K).

NCr(II) ¢Hg(I) eCu(ll

t'q (min g/ mg)
(=]

L} 15 30 43
Tim (min)

Figure6: Pseudo-second-or der kineticmodel fittingfor Cu

(1),Hg(Il)and Cr (111 adsor ption on chitosan.

Thevauesof AH and AS° wereobtained fromthe
dopesandinterceptsof theVan’t Hoff plots of In (g m/
C) vs. UT, respectively, thereafter AG° valueswere
determined from Eq. (7). Theva uesof thermodynamic
parameters are presented in TABLE 2. The results
showed that the AG® valuesare negativeand increased
intheir absolute valueswith temperature. Thisresult
suggested that ahigh temperatureisfavoured for the
adsorption of heavy metals on chitosan, indicated a
spontaneous adsorption process. Thevauesof heat of
adsorption, AH ispostivefor metalsion, indicated that

60 75 90

TABLE 2: Thermodynamic parameter sfor adsor ption of Cu
(1),Hg (I and Cr (I11) on chitosan.

Meta -AG°(kJ/mol)

ions

AHP AS°
(kd/mol) - (Imol/K) Hoge 303°K 308°K 313°K 318°K

Cu (I1) 8.119 9.668 11.218 12.767 14.317

Hg (I1)
cr (1)

84.235  309.913
239.138

117.776

64.498 6.762 7.957 9153 10.349 11.544

32.426 2671 326 3849 4437 5.026
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theadsorption process of heavy meta son chitosanwas
endothermic. A positive AS suggested that heavy met-
alswere not stable on the adsorption sites of chitosan
probably dueto theincreasein trandlationa energy of
metalsion.

CONCLUSIONS

The current study emphasizes on the ability of
chitosan to adsorb heavy metal sfrom aqueous solu-
tions. In batch mode studies the adsorption was de-
pendent oninitial metal sion concentration and agitation
time. Theadsorption processfoll owed pseudo-second-
order kinetics and obeyed Langmuir adsorption iso-
therm for metal sion studied. Although the adsorptive
capecity of chitosanisnot excessively. highfor heavy
metals, low cost of the material together withitsad-
sorptive ability could offer apromising procedurefor
depollution of industrid wastewaters. Thenegativeva-
uesof AG®° suggested that the adsorption was sponta-
neousin nature. Thepositivevaueof AH and AS indi-
cated endothermic adsorption process and increased
randomnessat surface-solution interface, respectively.
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