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ABSTRACT

The aims of the study were to investigate the effect of Pomegranate peel on
adsorption of Co?" and Ni?* by using flame atomi ¢ absorption spectroscopy
for metal estimation. The effects of Co?* and Ni ?* ions concentration,
agitation time and temperature on adsorption of heavy metals onto
Pomegranate Peel wasinvestigated. The experimental isotherm resultswere
fitted using Langmuir and Freundlich equations. The Langmuir and
Freundlich model agrees very well with experimental data. The maximum
amounts of Co? and Ni > adsorbed (g, ), as evaluated by Freundlich
isotherm, were 8.98 mg and 7.54 per gram of powder of Pomegranate peel,
respectively. Study concluded that Pomegranate peels, a waste material,
have good potential asan adsorbent to remove toxic metalslike Co?* and Ni
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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
considerable ecological and economic interest(2,
Wastes containing solubletoxic heavy metalsrequire
concentration of themeta sinto asmaller volumefol-
lowed by recovery and securedisposal. Heavy metals
can beremoved by adsorption on solid matrices®9.

Pomegranate pedl isabundant in soft drink indus-
triesand usually treated aswastes. It ismostly com-
posed of cdlulose, pectin, hemi-cellulose, lignin, chlo-

rophyll pigmentsand other |ow rel ative-mol ecular-mass
hydrocarbong®8.

Itistherefore, essential to search agricultura by-
productsand to transform such materia sto adsorbents.
Nowadays, agricultural materiad sarereceiving moreand
more attention as adsorbentsfor theremoval of pollu-
tion from water!®. A recent study by Memon et al'®l.
showed that bananawaste materia removed about 95%
chromiumionsfromindustria effluent. Abbas and
Alikarami®® showed that Removal of aceticacid from
Aqueous Solutions Using Banana. Ngjim and Yass n'™¥
showed that Removal of Cr (V1) from Aqueous Solu-
tionsUsing Pogmeranate.

Thegod of thisstudy wasto investigate the extent
of removal of contaminant heavy-metal species(Ni *2
and Co *?) from aqueous Sol ution by Pomegranate ped!.
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Maximum adsorption capacity of adsorbent, adsorp-
tionintensity of the adsorbate on adsorbent surfaceand
adsorption potentia s of adsorbent were estimated by
Langmuir and Freundlichisotherms, respectively.

MATERIALSAND METHODS

Experimentswere conducted with Pomegranate
pedl, Ped swereseparated from thefruit gently, washed
thoroughly and dried in sunlight for 3daysandthenin
anovenat 90 °C. The dried Pomegranate peels were
then cut into small pieces, ground to asize of 200-400
im and used in adsorption test.

pH adjustmentsweremadewith digital pH-meter
(Sartorius, Model PP-20) usingHCI (0.1 mol L) and
NaOH (0.1 mol L1). Ni *2 and Co *?content in each
experiment weredetermined with flameatomic absorp-
tion spectrophotometer (Perkin Elmer, Analyst 100).

Adsor ption experiments

Standard solution (1000 mg/ L) of each metal ion
was prepared by dissol ving required amount of nitrate
salt of metal ion (Co (NO,),6H,O and Ni
(NG,),-6H,0 obtained from Merck) into deionized
water. Theexperimental solution of desired concentra-
tion was prepared by successivedilution of stock solu-
tion. In order to determinetheeffect of phys cochemi-
cal parameters such as pH, Adsorbent dose, contact
time, initial metal ion concentration of solutionand tem-
perature. The adsorption experimentswere performed
by batch equilibrium method. The experimentswere
carried outin 150 ml of conical flasksby mixingapre-
weighed amount of adsorbent with 50 ml of metal ion
solution. Initial pH of solutionswas adjusted by 0.1 M
NaOH or 0.1 M HNQO,. All experiments were per-
formed at room temperature and kept for stirring for
givenperiodof time.

Thereafter themixturewas centrifuged and theini-
tid andfind meta ion concentrationsweredetermined
by AtomicAbsorption Spectrophotometer. theremova
percentage of metal ion and amount of metal ion
adsorbed on Pomegranate pee! (q,) wascalcul ated by
Egs. (1) and (2), respectively:

CO_CQ

removal(%) = 100 G )

_ (Cy I”Cc )V (2)
where C and C_aretheinitial and final (equilibrium)
concentrationsof themetal ionin solution (M), Vthe
solution volume (1) and misthemass of Pomegranate
ped (). All adsorption experimentswereperformedin
triplicateand themean valueswereused in dataanay-
gs.

e

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 pH

To study the effect of pH on adsorption, experi-
mentswere carried out in the pH range 1-6 for Ni *2
and Co *2. Figure 1 showsthat theremoval of metal
ionswasincreased withincreasinginitia pH of metal
ion solution and maximum valuewasreached at pH 6
for Ni *2and Co *2.
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Figurel: Effect of pH on adsorption of Ni *2and Co *?on
pomegr anate ped

Effect of adsor bent dose

Figure 2 shows that the adsorbent of metal ions
increased from 46 to 87% and 38 to 78% for Co?* and
Ni 2* respectively, asPomegranate pedl doseincreased
from1to 3 g/L. Thisisbecause at higher dose of ad-
sorbent, dueto increased surface area, more adsorp-
tion sitesare available causing higher removal of Co?*
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and Niz*201U Further increasein adsorbent dose, did
not causeany significant increasein theremoval per-
centage of metal ion. Thiswasdueto the concentration
of metd ionsreached a equilibrium statusbetween solid
and solution phase,
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Figure2: Effect of adsorbent dose on adsor ption of Ni *2and
Co*20n pomegranate peel
Effect of contact time

Influence of contact timeon adsorption of Co?* and
Ni?* on Pomegranate ped wasinvestigated intherange
of 5-60 min for the initial concentration of 10 mg/L for
each metal ion (Figure 3). Maximum rate of removal
occurred within 5 min of contact timethere after re-
moval rate became slow and after 35 min of contact
time no change was observed for Co?* (87.2%) and
Ni2* (78%), which established that the system has
reached theequilibrium point.
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Figure3: Effect of contact timeon adsor ption of Ni *?and Co
*20n pomegr anate peel

Effect of equilibrium metal ion concentration

Theeffect of different concentration of Co?* and
Ni2* on theadsorption hasbeeninvestigated at 303K,
Co? and Ni?* adsorption capacities of Pomegranate
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ped weregiven asafunction of equilibrium concentra:
tioninFigure4. It wasclear that Co?* and Ni?+ adsorp-
tion capacitiesof Pomegranate ped increased within-
creaseof equilibrium concentration. Thelncreaseinad-
sorption capacity withincreasein equilibriummeta ion
concentrationfor different metal ionswasin theorder
Co* > Ni*.
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Figured4: Effect of equilibrium metal ion concentration on
adsor ption of Ni *?and Co *2 on pomegr anate peel

Adsor ption isotherm

Anaysisof equilibrium dataisimportant for devel -
oping an equation that can be used to comparediffer-
ent biomaterialsunder different operationa conditions
and to design and optimize an operating procedure’s,
TheLangmuir and Freundlich equationsarecommonly
used for describing adsorption equilibrium for water and
wastewater treatment gpplications.

Two important physicochemical aspectsfor the
evauation of theadsorption processasaunit operation
aretheequilibrium of the adsorption and thekinetics.
Equilibrium studies givethe capacity of the adsorbent.
Theequilibriumre ationshipsbetween theadsorbent and
the adsorbate are described by the adsorption iso-
therms. The adsorption curves were applied to both
theLangmuir and Freundlich equations. The Freundlich
isotherm mode , which assumesthat theadsorption oc-
curson heterogeneous surfaces, is often expressed as;

e = K ( Ce}]“:ﬂ (3)
Thisequationisconveniently usedinthefollowinglin-
ear form:
Ing. =InK;+ L InC, 4

n

whereK . isFreundlichisotherm congtant (L/g) and nis
Freundlichisotherm exponent. Vauesof K. andnwere
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calculated from theintercept and sopeof plotsing,vs
InC_and astraight lineindicatesthe confirmation of the
Freundlichisothermfor adsorption (Figure5). Thevdue
of n should be greater than one confirming good ad-
sorption of heavy metals onto peelsof Pomegranate.
Langmuir isotherm, which assumethat amonol ayer of
heavy metalsisformed on arelatively regular adsor-
bent surface, using the partially protonated groups of
the adsorbent. The Langmuir isotherm has been suc-
cessfully applied to many real sorption processesand
isexpressed asfollows:

Lnq.

OCo (I
*Ni (I)

b -

05 1 1.5

LnC.
Figure5: Freundlich adsor ption isother m at 298 °K
, 0"bC,
= 1+oC, ©)

whered, istheamount adsorbed at equilibrium (mg/ g),
C, theequilibrium concentration (mg/ L), baconstant
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-
sentsapractical limiting adsorption capacity whenthe
surfaceisfully covered with heavy metalsand allows
the comparison of adsorption performance, particularly
inthe caseswhere the adsorbent did not reach itsfull
saturationin experiments. The Langmuir equation can
be described by thelinearized formasfollows:
e 1 £
% O @ ©
By plotting (C/q,) versus C, Q°and b can be deter-
minedif astraight lineisobtained (Figure6). Thees-
sentid characteristicsof Langmuir isotherm can beex-
pressed interms of adimensionless constant, separa-
tionfactor or equilibrium parameter, R , whichisde-
fined by:

1
Ru=17 bC, ©)

wherebistheLangmuir congtantand C, theinitia heavy
metalsconcentration (mg/L). R, vaueindicatesthetype
of isotherm. Accordingto™? R valuesbetween Oand
lindicatefavorableadsorption (TABLE 1).
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Figure6: Langmuir adsor ption isother m at 298 °K

TABLE 1: Freundlich and langmuir adsor ption isotherm
constants

Freundlich constants
Ke(L/mg) n R?
1.029 1.63 0.997
2.017 147 0.993

Langmuir constants
Q°(mg/g) b(L/mg) R
7.54 0.198 0.996
8.98 0.328 0.997

Metal ions

Ni (I1)
Co(l)

Effect of temperature and thermodynamic
parsmeters

Theeffect of temperature on theadsorption of heavy
metalson Pomegranate peel wasinvestigated by con-
ducting experimentsfor 30 mg/L of initial metalsion
concentrations at 303, 313 and 323 °K. It was ob-
served that onincreasing 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 usng thefollowing equations:

gemy AS"  —AH

s ,.| ~ R ' RT ®

In |"

AG® = AH — TAS ©)
wheremistheadsorbent dose(g/ L), C, isconcentra-
tionof metasion (mg/ L), g, istheamount of metasion
a equilibriuminunit massof adsorbent (mg/ g), g/ C,
iscaled theadsorption affinity. AH, AS® and AG® are
changein enthalpy (kJ/ mal), entropy (J/ (mol K)) and
free energy (kJ/ mol), respectively. R isthe gas con-
stant (8.314 Jmol K) and T isthetemperature (K).
Thevauesof AH and AS® were obtained from the
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dopesandinterceptsof theVan’t Hoff plots of In (g m/
C) vs. U T, respectively, thereafter AG® values were
determined from Eq. (9). Theva uesof thermodynamic
parameters are presented in TABLE 2. The results
showed that the AG® values are negative and increased
intheir absolute val ueswith temperaturé™ Thisresult
suggested that ahigh temperatureisfavoured for the
adsorption of heavy metalson Pomegranate ped, indi-
cated aspontaneous adsorption process. Theva uesof
heat of adsorption, AH ispositivefor metalsion, indi-
cated that the adsorption process of heavy metalson
Pomegranate ped wasendothermic. A positive ASsug-
gested that heavy metals were not stable on the ad-
sorption sitesof Pomegranate ped probably duetothe
increaseintrandationa energy of metalsion.

TABLE 2: Thermodynamic parameter sfor adsor ption of Ni
*2and Co *2 on pomegr anate peel

- AG® (kJ/mol)
303°K 313°K 323°K
3.665 4.817 5968
6.459 7945 9431

Metal ions AH° (kJ/mol) AS° (Jmol/K)

Ni (1)
Co(ll)

31.224
38.548

115.148
148.541

CONCLUSIONS

Thecurrent sudy emphas zeson theahility of Pome-
granate ped to adsorb heavy metal sfrom agqueous so-
[utions. Thenegativevauesof AG® suggested that the
adsorption was spontaneous in nature. The positive
vaueof AH and ASindicated endothermic adsorption
process and increased randomness at surface-solution
interface, respectively.
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