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ABSTRACT

The adsorption of Mercury (1) and Chromium (I11) on orange peel has
been studied in batch mode using flame atomic absorption spectroscopy
for metal estimation. The effectsof Mercury (11) and Chromium (1) ions
concentration, agitation time and temperature on adsorption of heavy
metals onto orange pedl was investigated. The experimental isotherm
results were fitted using Langmuir and Freundlich equations. The
Langmuir and Freundlich model agreesvery well with experimental data.
The maximum amountsof Mercury (11) and Chromium (111) adsorbed (q),
as evaluated by Freundlich isotherm, were 7.79 mg and 6.43 per gram of
powder of orange pedl, respectively. All adsorption processes can attain
equilibriumwithin 30 min and kineticswaswell fitted by psesudo-second
order equation. It is proposed that the adsorption mechanism was com-
plexation. Thermodynamic parameters (AG°, AS° and AH®) for sorption
system was determined at five different temperatures.

KEYWORDS

Langmuir isotherm;
Freundlichisotherm;
Heavy metals;
Orange pesl;
Pontaneous.

© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Heavy meta pollution hasbecomean environmen-
tal problem throughout the world because heavy met-
als can beaccumulated into thefood chain and cause
serious problems, not only for ecosystemsbut also for
human hedlth. Thesd ectiveremovd of industrid heavy
metasfromliquid wasteis consequently the subj ect of
cons derableecologica and economicinterest!. Heavy
metal ions, aromatic compounds (including phenolic
derivatives, and polycyclic aromatic compounds) and
dyesareoften foundin the environment asaresult of
ther wideindustrid uses. wastescontaining solubletoxic
heavy metal srequires concentration of themetasintoa

smaller volumefollowed by recovery and securedis-
posa. Heavy metd s can beremoved by adsorption on
solid matrices.

Mercury (Hg) emissonsfromwasteincinerationare
agloba problem, indicated by that nearly haf of theHg
emissonsreachingtheArctic originatesfromwastein-
cineration?. In most countries, thetota Hgemissions
fromwasteincineration arelargely underestimated be-
cause of poor knowledge about Hg content in wastes
and dueto economic reasonsthereareno or only lim-
ited andysesavailableon Hg content influe gasesfrom
amagjority of thewasteincineration plantsin opera-
tiont.,

Chromium (Cr) compounds are widely used by
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many modern industries such asleather tanning, elec-
tropl ating, metal finishing, paint and pigments, resulting
inalargequantity of thiselement being discharged into
effluentindustrial wastewaters Weterscontainingahigh
concentration of Cr can cause serious environmental
problemsaswell asinducetoxicand carcinogenichedth
effectson humand®. Therefore, theremova of Crfrom
wastewatersarousesgresat attention.

Orangeped isabundant in soft drink industriesand
usudly treated aswastes. It ismostly composed of cel-
lulose, pectin, hemi-cellulose, lignin, chlorophyll pig-
ments and other low relative-molecul ar-mass hydro-
carbong>8.

Thegod of thisstudy wastoinvestigatethe extent
of removad of contaminant heavy-metd species(Hgand
Cr) from agueous Solution by orangeped . Maximum
adsorption capacity of adsorbent, adsorptionintensity
of the adsorbate on adsorbent surface and adsorption
potential s of adsorbent were estimated by Langmuir
and Freundlichisotherms, respectively.

EXPERIMENTAL

Experiments were conducted with orange pesl,
Pedl swere separated from thefruit gently, washed thor-
oughly and driedin sunlight for 3 daysandtheninan
ovenat 70 °C. The dried banana peel swere then cut
into small pieces, ground to asize of 200-400 pm and
used in adsorption test.

Standard solution of Cr (111) was prepared by dis-
solving 7.6960g Cr (NO,) -9H,O (reagent gradefrom
Merck, Darmstadt, Germany) in 250 mL deionized
water and dilutingto 1 L adding HNO, to obtain afina
concentration of 2% (v/v); thiswas checked against a
titrisol standard solutionfrom Merck (Darmstadt, Ger-
many). The Hg (1) stock solution was prepared by
dissolving 1 g of 5M nitricacid prior to dilution with
deionised water to 1 L volume. Standard sol utions of
the desired concentrations (10-100 pgmL?) were pre-
pared by success vedilutionsof the corresponding sock
solutions. ThepH 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
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NaOH (0.1 mol L-%). Mercury and Chromium content
in each experiment were determined with flameatomic
absorption spectrophotometer (Perkin Elmer, AAnalyst
100).

Adsorption isotherms

The adsorption isotherms were obtained by em-
ploying 100 mg of orange peel and 25 mL of Waste
solutionwith different concentrations (10, 20, 30, 40,
50, 60, 70, 80, 90 and 100 pg mLY). These solutions
werestirred in amechanical shaker until they reached
adsorption equilibrium. Thesystemwas shakenfor 100
min and then both phaseswere separated by filtration.
The metal content of the filtrate was determined by
atomic spectrometry.

pH optimization

Theremova of Hg (I1) and Cr (111) at different pH
was studied in batch mode. A 25-ml of test sol ution of
fixed concentrationswastreated with 0.5 g of orange
ped and agitated intermittently for 30 min. The contact
time and conditionswere sel ected on thebasis of pre-
liminary experiments, which demonstrated that equilib-
rium was established in 30 min. After this period the
solution then both phaseswere separated by filtration.
The metal content of the filtrate was determined by
atomic spectrometry. Themetd concentration retained
inthesorbent phase(q,, mg/g) wasca culated by using

Eq. (1)

(G —=C)V

e 1
q - @

where C and C_aretheinitial and final (equilibrium)
concentrationsof themetal ionin solution (M), Vthe
solution volume (1) and misthe massof orange peel

(¢)2
Kineticmodelingin abatch system

In order to investigate the mechanism of adsorp-
tion kinetic model sare general ly used to test experi-
mental data. Pseudo-first-order and pseudo-second-
order equations can be used assuming that the mea-
sured concentrationsare equal to surface concentra-
tions. The pseudo-first-order rate Lagergren model is:

dg

E =k .i':.’lslrfj"e = fj'] 2
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whereq (mg/g) istheamount of adsorbed heavy met-
dsontheadsorbent atimetandk, , (min™)istherate
constant of first-order adsorption. Theintegrated form
of Eq.(2)is:

k 1. ads {
2.303
q, theequilibrium sorption uptake, isextrapol ated from
theexperimental dataat timet =infinity. A Sraight line
of log (q, - g) versust suggeststhe applicability of this
kinetic mode!. g, andk, _, can bedetermined fromthe
intercept and slope of the plot, respectively. The
pseudo-second order kinetic model isexpressed as:
% = ka ads(ge — lfjl'.]3 4
wherek, . (9/mgmin) istherate constant of second-
order adsorption. Theintegrated formof Eq. (4) is.

1 1
= kl_adsf
e —4 e ©

Eqg. (5) can berearranged and linearized to obtain:

t 1 1 :

i ki adst 3 e ©
Theplott/ qversust should giveastraight lineif second
order kinetic model isapplicableand g andk, . can
be determined from the dope and intercept of the plot,
respectively. It isimportant to noticethat for the appli-
cation of thismode! theexperimentd estimationof g, is
not necessary.

Equilibrium modelingin abatch system

log(ge — q) = log g. — 3

Anaysisof equilibrium dataisimportant for devel -
oping an equation that can be used to compare differ-
ent biomateria sunder different operational conditions
andtodesign 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 the adsorbent.
Theequilibrium rdaionshipsbetween theadsorbent and
the adsorbate are described by the adsorption iso-
therms. The adsorption curves were applied to both
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theLangmuir and Freundlich equations. The Freundlich
isotherm model, which assumes that the adsorption
occurs on heterogeneous surfaces, is often expressed
as,

ge = Ki(Ce)'"” @

Thisequationisconveniently usedinthefollowinglin-
ear form:

Ing. = lnfft-—lln 25 ©®
n

whereK  isFreundlichisotherm constant (L/g) and n_
isFreundlichisotherm exponent. Vauesof K_and n_
were ca culated fromtheintercept and dopeof plotsin
q,vsInC_and astraight lineindicatesthe confirmation
of the Freundlichisotherm for adsorption. Thevaue of
n. should be greater than one confirming good adsorp-
tion of heavy meta sonto peelsof banana. Langmuir
isotherm, which assumetha amonolayer of heavy met-
asisformed onareatively regular adsorbent surface,
using thepartially protonated groups of the adsorbent.
The Langmuir isotherm has been successfully applied
to many real sorption processes and is expressed as
follows

0°bC,
1 +&C, ©

where g, istheamount adsorbed at equilibrium (mg/ g),
C, theequilibrium concentration (mg/ L), b aconstant
related to the energy or net enthal py of adsorption (L/
mg), and Q, the mass of adsorbed solute required to
saturate a unit mass of adsorbent (mg/ g). Q, repre-
sentsapractica limiting adsorption capacity whenthe
surfaceisfully covered with heavy metalsand alows
the comparison of adsorption performance, particularly
in the caseswhere the adsorbent did not reach itsfull
saturationin experiments. The Langmuir equation can
be described by thelinearized formasfollows:

Ce: 1 G
g. @b
By plotting (C/qg,) versus C, Q°and b can be deter-
mined if astraight lineisobtained. Theessentia char-

acteristics of Langmuir isotherm can beexpressedin
termsof adimens onless constant, separation factor or

de =

(10)

Hn Tndéan g%wumé



74 Adsorption study on orange peel: Removal of mercury (1) chromium (I11)

PCAIJ, 8(2) 2013

Full Paper ==

equilibrium parameter, R , whichisdefined by:
1

1 + bCy

wherebistheLangmuir congtantand C theinitia heavy

metalsconcentration (mg/L). R valueindicatesthetype

of isotherm. According to), R, valuesbetweenOand
lindicatefavorableadsorption.

R = (12)

RESULTSAND DISCUSSION

Theadsorptionkineticsisinfluenced by variousfac-
tors, whichincludeinitia heavy metalsconcentration,
amount of adsorbent and time. Theinitial heavy metals
concentrationisoneof themost important factorsthat
determinestheequilibrium 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 (11) and Cr (111) on orange peel at 298 UUK. The
equilibrium adsorption density g, isincreased withthe
increasein Hg (11) and Cr (111) concentration.

e Hg(I) —e—Cr(lp

140 -

120

100 -
80

q. (mg/g)

60 -
40 A

20

a
] 20 40 60 80 100

C.(mg/ L)
Figurel: Equilibrium adsor ptionisotherm of of Cr (111) and
Hg(I1) on orangeped.

Atlow equilibrium heavy metd'sconcentrationsC,
the equilibrium adsorption densities g, of the orange
pedl reach almost the same g, asthoseat high equilib-
rium Hg (1) and Cr (I11) concentrations. It indicates
that orange peel have high adsorption density even at
low equilibriumHg (I1) and Cr (111) concentrations. Fig-
ure 1 showstheeffect of heavy metals concentration
on orange ped adsorption. Anincreaseininitia con-
centration of heavy metalsled to anincreaseinthead-
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sorption capacity of heavy metalson orangeped . This
indicatesthat theinitial concentration of heavy metals
played an important rolein the adsorption capacity of
heavy meta son adsorbent. Thedotted linesin Figures
2and 3represent alinear regresson fit totheresultsfor
both isotherms. However, since adsorption dataare of
anonlinear nature, nonlinear regressionsarea so per-
formed on each set of datapoints. These nonlinear re-
gressionfitsarerepresented assolid linesin Figures 2
and 3.

®Hz (1)

*Cr (1)

Log C.
Figure2: Freundlich adsor ption isotherm at 298 UK.

4

q/ C,

@ Hg (1)
* Cr(111)

0 10 20 30 40 50 60
C. (mg/L)
Figure3: Langmuir adsor ption isotherm at 298 UK

Thecorre ation coefficientsobtained with both kinds
of regression for both adsorption isothermsare sum-
marizedinTABLE 1. Thecorre ation coefficient vaues
inTABLE 1indicatethat the datafitthe Langmuir iso-
therm better than the Freundlichisotherm, bothin case
of linear and nonlinear regresson.

Effect of shakingtime

On increasing the contact time between metal
wastes and orange peel we found an increasein the
retention percentages of both eementsstudied uptoa
maximum recovery of 75% for Hg (1) and 68%for Cr
(111) at 30 min; the use of ashaking times of 45 or 100
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min practically doesnot improvethemeta retention by
orange ped (seeFigure4).

TABLE 1 : Freundlich and Langmuir adsorption isotherm
constants

M etal Langmuir constants Freundlich constants

lons  Q°(mgg) b(L/mg) R’ Ke(l/img n R’

Cr (Il 6.43 0.322  0.99 321 159 0.97

Hg (1) 7.79 0549 098 4.43 1.24 0.99
10
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Figure4: Adsorptionrateof Cr (I111)and Hg(l1) by orange
peel from aqueoussolutions. Adsor ption conditions; initial
concentration of heavy metals. 20 mg/L, amount of chitosan:
0.5 g, volume of adsor ption medium: 25 mL , temper ature:
298 UK.

Effect of pH

To study the effect of pH on adsorption, experi-
mentswerecarried out inthe pH range 1-9 for Hg (II)
and Cr (II1). Figure 5 showsthat theremoval of metal
ionswasincreased withincreasinginitia pH of metal
ion solution and maximum va uewasreached at pH 4
for Cr (111), 5-6 for Hg (I1).

mHg(I) ®Cr(l)

100
90
80
70

60 -
50 -
40 -
30
20 - 'I
10 -
1 2 3 4 5 6 7 8 9

pH
Figure5: Effect of pH onadsorption of Cr (I11)andHg(I1) on
orangepes!.
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Kineticmodeling

For eva uating the adsorption kineticsthe pseudo-
first-order and pseudo-second-order kinetic models
were used tofit the experimental data. It was observed
that the g, val ues estimated by first-order kinetic model
differ substantialy fromthose measured experimentdly,
suggesting that the adsorptionisnot afirst-order reac-
tion. The correlation coefficientsfor the second-order
kinetic modd arenearly equa to 1 and thetheoretical
vauesof g, dsoagreevery well withthe experimental
values. Thissuggeststhat the adsorption of heavy met-
alson orange peel follows the second-order kinetic
model. Figure6.

16 -
14
12 4
10 A

wCr (1)
®Hg (ID)

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

60 75 90

0 15 30 45
Tim (min)
Figure6: Pseudo-second-order kinetic model fittingfor Cr
(11yand Hg (1) adsor ption on orangeped!.

Changes of freeenergy

Theeffect of temperature on theadsorption of heavy
meta son orange ped wasinvestigated by conducting
experimentsfor 30 mg/L of initia 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
the adsorption processwas endothermicin nature.

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

AS* AN
o iy (12)

AG" =AH — TAS (13)
wheremistheadsorbent dose(g/ L), C_ isconcentra-
tionof metasion (mg/ L), g, istheamount of metalsion
a equilibriuminunit massof adsorbent (mg/ g),q/ C,
iscdled the adsorption affinity. AH, AS° and AG® are
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changein enthalpy (kJ/ mal), entropy (J (mol K)) and
freeenergy (kJ/ mal), respectively. R isthe gas con-
stant (8.314 Jmol K) and T isthetemperature (K).

Thevauesof AH and AS° wereobtained fromthe
dopesandinterceptsof theVan’t Hoff plots of In (g m/
C) vs. U T, respectively, thereafter AG® valueswere
determined from Eq. (12). The values of thermody-
namic parametersare presented inTABLE 2. There-
sults showed that the AG® valuesare negativeand in-
creased intheir absolute valueswith temperature. This
result suggested that ahigh temperatureisfavoured for
the adsorption of heavy metalson orange peel, indi-
cated aspontaneous adsorption process. Theva uesof
heat of adsorption, AH ispositivefor metalsion, indi-
cated that the adsorption process of heavy metalson
orangeped wasendothermic. A positive AS suggested
that heavy metals were not stable on the adsorption
sites of orange peel probably due to theincreasein
trandational energy of metalsion.

TABLE 2 : Thermodynamic parameters for adsorption of Hg
(I1) and Cr (I11) on orange peel.

Metal  AHP AS® - AG® (kJ/mol)
ions  (kd/moal) (Imol/K) 208°K 303°K 308°K 313°K 318 °K
Hg(ll) 4951 202,53 10.843 11.856 12.869 13.881 14.894

Cr(Ill) 3543 13496 4.788 5462 6.137 6.812 7.487

CONCLUSIONS

The current study emphasizes on the ability of or-
ange peel 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 meta sion studied. Although the adsorptive
capacity of orangeped isnot excessvey. highfor heavy
metals, low cost of the material together with its ad-
sorptive ability could offer apromising procedurefor
depollution of industrid wastewaters. Thenegeativeva-
uesof AG®° suggested that the adsorption was sponta-
neousin nature. Thepositivevaueof AH and AS indi-
cated endothermic adsorption process and i ncreased
randomnessat surface-solution interface, respectively.
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