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ABSTRACT

In devel oping countries where cost is often an important factor, many stud-
ieswere done to determine the effectiveness and reliable factorsin remov-
ing heavy metals from waste waters using low cost adsorbent. Thus, this
study was focused on hen egg shell as an alternative adsorbent in order to
remove copper metal ion. Batch experiments were conducted to determine
the factors affecting adsorption of copper. The operating variables studied
wereinitial concentrations, pH, biosorbent dosage and biosorbent particle
size. Equilibriumisotherm datawere analyzed using the Langmuir, Freundlich
and Redlich-Peterson isotherms. The Freundlich model yields a much bet-
ter fit than the other two models. In order to investigate the mechanism of
sorption, kinetic data were modelled using the pseudo- first-order and
pseudo-second-order equation was the best applicable model to describe
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the sorption process.

INTRODUCTION

Heavy metalsareimportant environmenta pollut-
antsthreatening the health of human populationsand
natural ecosystems. Metal contaminationisapersistent
problem in many contaminated soils. Themost com-
monly occurring metals are Cd, Cu, Ni, Pb, Cr and
Hg. Thepotentia sourcesof heavy metalsare Mining,
Metalurgical, eectroplating, battery manufacturing and
Petrochemical industries. The presence of metalsin
ground water can a so pose asignificant threat to hu-
man health and ecological systemg*3.,

Removal of heavy metd sfromwastewater isusu-
aly achieved by physica and chemica processeswhich
include precipitation, coagul ation, membrane separa:
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tion, ion smpledesign with adudge freeenvironment
and caninvolvelow investment intermsof bothinitial
cost and land required. Usage of activated carbonis
recognized as highly effective adsorbent in removing
heavy metalsbut it consist high operation cost. How-
ever, effortshave been doneto devel op and improvise
new adsorbent as aternativeto activated carbon. In
recent years, anumber of adsorption materias, suchas
ricehusk, coconut husk, sugar industry waste, red mud,
green algae and saw dust were used in heavy metal
removal from wastewaterg*®.

In this study, egg shell isused as an adsorbent to
removethe copper metal ioninwastewater. Experi-
mental parameters affecting biosorption processsuch
aspH, contact time, biomass dosage and temperature
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werestudied. Theequilibrium biosorption datawere
eva uated by Langmuir, Freundlich and Redlich Peterson
isotherm models. Thebiosorption mechanismwasaso
investigatedintermsof kinetics.

EXPERIMENTAL PROCEDURE

Prepar ation of eggshell powder for biosor bent

Thehen eggshellsused in the present study were
collected fromthe collegeof Engineeringhostels Andhra
Universty, Visakhagpatnam. Thecollected henegg shells
were washed with del onized water severd timestore-
movedirt particles. Thewashing processwas contin-
ued till thewash water containsno dirt. Thewashed
egg shdlswerethen completdy driedinsunlight for 10
days. The resulting product was directly used as
biosorbent. Thedried egg shellswerethen powdered
using domestic mixer. In the present study the pow-
dered materialsin therange of 75-283.5um. average
particlesizewerethen directly used as biosorbent with-
out any pretreatment.

Prepar ation of metal solutions

Copper solutions of desired concentration have
been prepared by dissolving the appropriate amount of
CuSO,.8H,0indistilled water. All chemicalsusedin
thisstudy wereof anayticd grade.

Batch biosorption procedure

Sorption experimentswere carried out using batch
method. In order to optimize the experimental condi-
tions, the batch studies were performed for different
metal concentrations (20-100mg/l), contact times (1-
180min),pH (2-6),biosorbent size (75- 218um) and
biosorbent dosage from (0.1-0.5gm). The solutions
(30ml of 20mg/l) indudingthemetd ionsand biosorbent
were shaken during optimum contact timeinan orbital
shaker a 120 rpm. After the contents of theflask were
filtered through 0.2 um filters, the metal concentration
of thefiltrate was analyzed using Atomic Absorption
Spectrophotometer (GBC AvantaVer 1.32, Australia)
at awavelength 228.8nmfor cadmium meta.

Thebiosorption percent was cal culated asfollows:

% Biosorption=@x100 @

WhereC and C, aretheinitial andfina concentrations
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respectively.
Theamount of sorption at equilibrium, Q (mgg?),
wascalculated by:

Q=(C,-C )y @

Where Qisthemeta uptake(mg/g); C and C, arethe
initia and equilibriummeta concentrationsinthe solu-
tion (mg/L), respectively; Visthe solution volume(L);
and M isthemass of biosorbent (g).

RESULTSAND DISCUSSION

Theinfluence of severa operating conditionssuch
assorbent dosage, initiad metal ion concentration, con-
tact time and sol ution pH on the sorption capacity was
investigated.

Effect of contact time

Time course profilesfor the biosorption of cop-
per from each metal solution of 20 mg/L areshownin
Figure 1. The data obtained from the biosorption of
cadmium ionson the eggshell powder showed that a
contact time of 60 min was required to achieve an
optimum adsorption and there was no significant
changein concentration of themetal ion with further
increase in contact time. Therefore, the uptake and
unadsorbed copper concentration at the end of 60
minaregiven astheequilibriumvaues, q . (mg/g) and
Ceq (mg/L). For further studiesof biosorptionwith other
variable parameters, with this eggshell powder as
biosorbent, thisoptimum timeof 60 min hasbeen cho-
sen for contact period.
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Figurel: Effect of contact timeon biosor ption of copper by
eggshdl powder for 20m g/L of metal and 0.1g/30ml of biom-
assconcentration
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Effect of initial metal ion concentr ation

Experimentswere undertaken to study the effect of
theinitia metal ion concentration onkineticsof copper
remova from the solution. Theresultsobtained were
showninFigure2 & 3. The obtained curves show that
the metal uptakeincreaseswithincreaseininitial con-
centration of metal ionwhilethe percentage biosorption
of copper decreaseswithanincreaseininitial meta ion
concentration. Theincrease of metal uptakeisaresult
of theincreaseinthedrivingforcesi.e. concentration
gradient, withanincreaseintheinitial copper ion con-
centration (from 20 to 100 mg/L). However, the per-
centage biosorption of copper ionson eggshell pow-
der was decreased from 89.25 to 74.84%. Though an
increasein metal uptakewasobserved, thedecreasein
percentage bi osorption may beattributed to lack of suf-
ficient surfaceareato accommodate much moremetal
availableinthesolution. The percentagebiosorption at
higher concentration level sshowsadecreasing trend
whereasthe equilibrium uptake of copper displaysan
oppositetrend. At lower concentrations, al copper ions
present in solution could interact withthe binding sites
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Figure 2 : Effect of initial metal ion concentration on the
biosor ption of copper by eggshell powder at 0.1g/30ml of bio-

massconcentration.
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Figure 3 : Effect of initial metal ion concentration on the
metal uptakefor 0.1g/30ml biosor bent concentration.
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and thus the percentage bi osorption was higher than
thoseat higher initial copper and cadmium ion concen-
trations. At higher concentrations, lower biosorption
yieldisdueto the saturation of biosorption sites. Asa
result, diluting the wastewaters containing high meta
ion concentrationscanincreasethe purification yield.

Influenceof pH

Theeffect of solution pH ontheamount of mercury
sorbed wasstudied by varying theinitia pH under con-
dant processparametersat equilibrium conditions. From
Figure4, it was observed that the sorption was strongly
pH-dependent.
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Figure 4 : Effect of pH on copper biosor ption by eggshell
powder for 20mg/L of metal and 0.1g/30ml of biomass con-
centration

Itiswell knownthat the pH of themedium affects
thesolubility of meta ionsand theconcentration of the
counter ions, on thefunctional groups of the biomass
cell walls. Thus pH is an important parameter on
biosorption of metal ionsfrom agueoussolution sinceit
isresponsiblefor protonation of metal binding sites,
ca cium carbonate sol ubility and metal specificationin
the solution. It wasfound that copper and cadmium
uptake by eggshellswasafunction of solution pH. As
shown in Figure 4, the uptake of freeionic cadmium
depends on pH. The biosorption of metallic ion ob-
servedtoincreasewithincreaseinpH (Figure4). The
effect of pH studied at room temperature (30+1°) at
aninitia meta ion concentration 20mg/L. Thisincrease
inpH resulted in anincrease of k (rate constant).

Theequilibrium sorption capacity washigher at pH
6 andit waslower at low pH values. Theeffect of pH
can beexplained by ion exchange mechanism of sorp-
tion inwhich carbonate groups that have cation-ex-
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change propertiesplay theimportant role, at lower pH
values cadmium removal wasinhibited possibly asa
result of competition between Hydrogen and metd ions
onthesorption sites, with an gpparent preponderance
of hydrogenions, which restrictsthe gpproach of metal
cationsasin consequence of therepulsiveforce.

Effect of biosor bent dosage

The sorption of copper by hen egg shell sorbent
was studied by changing the quantity of sorbent inthe
test solutionwhilemaintaining theinitid meta ionscon-
centration (20 mgL 1), temperature (20 °C), stirring
speed (120 rpm), contact time (60 min), and pH (pH
5) congtant. Theeffect of sorbent dosage ontheamount
of copper sorbed at equilibriumisshownin Figure5.
Thebiosorption plot showsanincreasein % biosorption
with anincreasein biosorbent dosage. Thisisbecause
of theavailability of morebinding sitesfor complex-
ation of metal ions.
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Figure5: Effect of eggshell powder dosage on biosor ption of
copper for 20mg/L of metal concentration
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Figure6: Effect of eggshdll powder particlesizeon adsor p-
tion of copper for 20mg/L of metal and 0.1¢/30ml of adsor bent
concentration
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Effect of biosor bent particlesize

Fixingtheinitial concentration of solutionat 20 mg/
L, pH 6, thefixed volumeof 30 ml solutionisallowed
for 60 minwith 0.1 geach of thevaried Sizeof particles
of biosorbent ranging from 75 to 283.5 um, the plot
(Figure 6) drawn for the variation of the percentage
biosorption againg particles ze, showstha withincrease
in particlesizethebiosorption decreases. Thisisdueto
lesssurfaceareaavailablewithincreased particlesize,
thusreducing the biosorption.

Sor ption equilibrium

Inorder to optimizethedesign of asorption system
toremovemeta ionsfrom solutions, itisimportant to
establishthemost appropriate correlation for the equi-
librium curve. Experimentd datawerefitted to thewdll-
knownandwiddy appliedisotherm mode sof Langmuir,
Freundlich and Redlich Peterson. Thelinear equations
aregiven below:

Langmuir Isotherm Equation:

C 1 1
A==t

. . C 3
oo DO Arnax ®
Freundlich Isotherm Equation:

logq,, =logK; +mlogC,, 4

Redlich-Peterson Equation:

c

In(A—eq—lJ=glnCeq+lnB (5
€

The linearized Langmuir, Freundlich and Redlich-

Peterson i sotherms obtained at room temperatureare

showninFigure7

25

20 1

15 A

10

- (Mg/g)

q

Experimental
Langmuir
Freundlich
Redlich-Peterson

Q<4080

0 é 1'0 1‘5 2‘0 2‘5 30
C,, (mg/L)
Figure 7 : Equilibrium curvesfor copper on to eggshell
powder.
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From Langmuir isotherm, the biosorption affinity
constant (b) and maximum capacity (q, ) of theions
copper to form acomplete monolayer onto thesurface
of theeggshell powder was estimated as0.0831/mg,
32.02 mg/g respectively.

For Freundlich isotherm the constantsrel ated to
the biosorption coefficient (K,) and intensity (m) were
3.571, 0.5759 for copper.

From Redlich-Peterson isotherm the constantsA
(L/mg), B (L/mg) and Redlich-Petersonisotherm ex-
ponent (g) were 1.145, 8.953 and -0.9686 for copper.

The correlation coefficients obtained from the
Langmuir, Freundlich and Redlich-Peterson isotherm
models were 0.983, 0.9962 and 0.2937 for copper
respectively. Freundlich equationwasmore suitablefor
the experimental data of copper. A comparison of the
maximum capacity, q__, of eggshell powder with other
adsorbentswasgivenin TABLE 1. Thebiosorbent ca-
pacity of eggshell powder wasrelatively high when
compared with other adsorbents. Differences of metal
uptakeareduetothe propertiesof each adsorbent such
asstructure, functional groupsand surface area.

TABLE 1: Comparison of thebiosor ption capacity of present
work for Copper metal with thosereportedin theliterature.

Biosor ption
Biosor bent pH capacity Reference
(mg/g)

Modified bark 45 1.04 39
Modified tannin 45 143 10
Granular biomass 55 55 11
Olive stone waste 55 0.002025 12

Fly ash 2-9 1.38 13
Marine green macro dlga 6.0 6.12 14
Grape stalk waste 5.5 10.10445 15
Papaya wood 5.0 0.49 16
Ascophyllum nodosum 4.5 22.58 17
Pseudomonas sp. 40 163.93 18
Activated sludge 55 31775 19
Ulvafasciata sp. 5.0 26.88 9

Hen egg shell 6 32.02 Present study

Biosor ption kinetics

Kineticsisone of themajor parametersto evaluate
bi osorption dynamics and the kinetic constants can be
used to optimize the residence time of abiosorption
process. In order to examinethe controlling mecha-
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nism of the biosorption process, kinetic modd sare used
totest theexperimentd data. Inthisstudy, theequilib-
rium datawere analyzed using two simplest kinetic
models, pseudofirst- order and pseudo-second-order
modd.

Thelinear form of the pseudo-first-order rateequar
tion® isgivenas

K
log(de, — ) =10g4,, —mt (6)

Where O and g (mg/g) arethe amounts of the metal
ions sorbed at equilibrium (mg/g) andt (min), respec-
tively and K| isherate constant of theequation (min ).
Thebiosorption rate constants(K ) can be determined
experimentdly by plotting (Figure8) of log (qeq-q) ver-
sustimewasmadefor eggshell powder for initia cop-
per concentration, 20 mg/L. Theintercept of theabove
plot should equa tolog q,, However, if O frominter-
cept does not equal to the equilibrium copper uptake
thenthereactionisnot likely to befirst order, eventhis
plot hashigh corrd ation coeffident withtheexperimenta
data. Correlation coefficientswerefound tobe0.9793
for copper. Based on these resultsit can be concluded
that the bi osorption of copper onto egg shell powder
doesnot fit apseudo-first-order kinetic modd. There-
fore, the pseudo-first-order model isnot suitablefor
modeling the bi osorption of copper onto eggshel | pow-
der. Experimenta datawered so tested by the pseudo-
second-order!” kinetic mode whichisgiveninthefol-
lowingform

t 1 1
—= s +—t
q K Ilqeq qeq
Wheret isthe contact time (min), q o (mg/g) and q
(mg/qg) istheamount of metal adsorbed at equilibrium
and at any time, t. Thismodel ismorelikely to predict
kinetic behavior of biosorptionwith chemica sorption
being therate-controlling step. Thelinear plotsof t/q
versust for the pseudo-second-order model at 200°C
wereshownin Figure9. The R? valuesarevery high
0.9978. In addition, the theoretical g, , values are
closer to the experimental Ueop values. Intheview of
these results, it can be said that the pseudo-second-
order kinetic model provided agood correlation for
the biosorption of copper onto egg shell in contrast to
the pseudo-first-order model. Thisconclusionisin
agreement with literature®.

(7
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Figure8: Pseudofirst order adsor ption of copper by eggshell
powder for 20mg/L of metal and 0.1g/30ml of biomasscon-
centration.
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Figure9: Pseudo second or der adsor ption of copper by egg-
shell powder for 20mg/L of metal and 0.1g/30ml of biomass
concentraton

CONCLUSIONS

The present work showsthat hen egg shell canbe
used asasorbent for theremoval of Cu(ll) ionsfrom
aqueous media. Experimental dataindicated that the
sorption capacity was dependent on operating variables
such as sorbent dosage, sorbent size, solution pH, con-
tact time, and initiad metal concentration. The process
was strongly pH-dependent. Kinetic measurements
showed that the sorption processwasuniform and rapid.
Modding of sorption kinetics showed good agreement
of experimental datawith the pseudo-second-order ki-
netic equationfor different initia metal concentrations.
The Freundlichmodd yielded amuch better fit than the
other models. The maximum sorption capacity was
determined to be 32.02mgg-1.
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