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ABSTRACT

Adsorption of Cu (I1) metal ions onto Punica granatum L. husk was studied by batch adsorption experiments. In
order to get conditions for maximum adsorption studies were carried out for different initial concentrations of metal
(Co), doses of the adsorbent (m), pH of solution, contact time(t) and temperature (T). Maximum adsorption was
observed for 3 mg/L of initial concentration metal at pH=6 for 0.3 g adsorbent dose, 150 min contact time and
323.15 K. Thermodynamic functions such as free energy change (4G°), entropy change (4S%) and enthalpy change
(AH®) were estimated. Adsorption was found to be thermodynamically endothermic.
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INTRODUCTION

Adsorption has application for the removal of heawtals from aqueous solutions. It shows collectbimigher
concentration of any molecular species or adsorbatéhe surface of adsorbent due to the force todiaion. In
adsorption the adsorbate adhere to solid surfaldes.adsorption of toxic metals onto the agricultwaste and
waste materials provides economical and eco-frietetihnique for metal removal from aqueous solgtion

E. P. Lansky and R. A. Newman have studied thetapepplications of pomegranate [1]. The pericafp o
pomegranate contains phenolic punicalagins, gatlid and other fatty acids [2], flavonols [3], ftmes, flavonones
[4] and anthocyanidins [5]. Removal of metal idmg sawdust [6], activated sludge [7], hydrogels ] a
biosorbents, bamboo wastes [9], and other agri@ilaolid wastes [10] have been proved. Chemicalbgified and
unmodified agricultural adsorbents [11], maize IEHE], orange mesocarp [13], okra wastes [14] wesed for
removal of heavy metal from water. A. Bhatnagaaldtave useéPunica granatum peel waste for removal of nickel
[15]; S. D. Deosarkar has used the same matenialefmoval of lead and cadmium from aqueous solstid6].
Removal of Cu (Il) from agueous solutions by fljhagas studied by Panday et al [17].

Present paper reports adsorption of Cu (Il) metaisifrom aqueous solution usirfjunica granatum husk
(pomegranate). Batch adsorption experiments wargdaout for different initial concentration of ma¢ions, dose
of adsorbent, pH, contact time and temperature.

EXPERIMENTAL SECTION
Metal salt used was of analytical reagent graderkMeDoubly distilled demineralized water was uded the
preparation of solutions. Stock solutions of dif& concentrations (3.0-6.0 mg/L) of Cu (Il) wgnepared by

dissolving accurate amount of metal salt in waieighing of solid salt was done on electronic be¢aModel
No.-CA-123, 0.001g, Contech Instruments Ltd.).
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Punica granatum L. husk was collected and exposed to sunlight.ds$ then grounded, sieved to pass through 100-
mesh screen and again exposed to sunlight and reasrged in airtight bottles with cork. It was dri@ hot air
oven, (Bio Techniques India, Model No.-BTI-30).

Batch adsorption method [18] was employed for tielys of adsorption of Cu (II) onto adsorbent. This@bent
was weighed and placed in each conical flask. Tdek$ were corked and placed for desired time.rAft@inment
of the adsorption equilibrium the mixtures werdefied using Whatman No. 40 filter paper and fidsatvere
analyzed for equilibrium metal ion concentratiomeTpH of filtrates was measured and filtrates weeserved in
airtight glass bottles. The changes in absorbaho®etal ions before and after adsorption were measunitial and
equilibrium concentration of Cu (Il) was determingg using UV-VIS spectrophotometer. The pH of Solutwas
maintained by adding required amounts of hydroahlacid and sodium hydroxide stock solutions [1€LICO-

L1-10 pH meter, precalibrated with 4.0 and 9.2 dufolutions was used for measurement of pH obthetions.
Adsorption studies were carried for different ilittoncentration of metal ions, dose of adsorb@dtand contact
time in order to get the maximum adsorption.

RESULTS AND DISCUSSION

Table 1 represents initial and equilibrium concatidn of metal ion and percent metal ion removal different
experimental conditions.
Percent adsorption of metal was determined byviefig equation [20-21]:
Cc -C
Adsorption (%) = % x100.......(1)

Where;
C, =initial concentration of metal solution.
Ce=equilibrium concentration of metal solution.

Effect of initial concentration of metal ion

The batch adsorption experiment was carried outlifiterent initial concentration of metal ions. &kxperimental
data for dependence of percent of metal ion remowmahitial concentration of metal ions is reprasénin Figure
la. Percent removal was found to be maximum foritatial concentrations of metal ions (3 mg/L). idt83.33 %
for 3 mg/L metal concentration. For low initial camntrations of metal ions nearly all the metal ige$ adsorbed
due to availability of active adsorption sites. th& metal concentration increases active sitesogetipied and
hence the less adsorption [22].

Effect of dose of adsorbent

A variation in the percent of metal ion removaltwidose of the adsorbent is shown in Figure 1b. ddsorption
increased with increase in dose of the adsorbent ©1.1 to 0.3 g which is due to the increase irstiréace area and
hence available adsorption sites [23]. Then, itai@ed constant from 0.3 to 0.5 g. Therefore; O®ge was used
throughout.

Table 1. Equilibrium concentration of Cu (Il) ion and percent metal ion removal for different experimeatal conditions

Co C. (CoGCe/C)x100] t C.  (CsC./C) x 100
30 050 83.33 60  0.80 73.33
35 0.60 82.86 150  0.70 76.67
40 0.80 80.00 240  0.70 76.67
45 1.30 71.11 T C.  (CoC./Cy) x 100
50 150 70.00 303.15 0.50 83.33
55 1.70 69.09 313.15 0.40 86.67
6.0 2.10 65.00 32315 0.20 93.33
pH  C. (CeC./Cyx100] m C.  (CsC./C) x 100
40 232 22.67 01  1.90 36.67
50 1.65 45.00 02  0.80 73.33
6.0 0.80 73.33 03  0.60 80.00
7.0 0.90 70.00 0.4  0.60 80.00
8.0 130 56.67 05 0.60 80.00

Foot note: Cyand Coareinmg/L; ming; tinmin.; TinK.
Effect of pH of solution

The pH affects solubility of metal and concentmataf other ions present in functional groups of #lasorbent. It
has significant effect on adsorption of metal [Z@je adsorption studies were carried out for setbpH values of
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the medium and results are presented in Figurét ban be seen that adsorption increased with pipt 6 and
then decreased which is due to the competition dtvDOH and M™ for adsorption [25].

Effect of contact time between adsorbate and adsoent
Figure 1d represents experimental observationfedteof contact time between adsorbate and adsbdrepercent
of metal removal. Maximum adsorption occurred & n.

Figure 1. Graphical representation of percent metalon removal with a) initial concentration of metalion; b) dose of the adsorbent; c)
pH of solution and d) contact time between adsorbatand adsorbent
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Effect of temperature
It can be seen from Table 1 that percent Cu (lljam®n removal increased with rise in the tempaet This
indicates that the process is thermodynamically#retmic [21]. This is also graphically shown img#ie 2.
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Figure 2. Graphical representation of percent metaion removal with temperature
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Figure 3. Plot of logK versus 1T for the estimation of thermodynamic functions
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The equilibrium constant of adsorption process gadsulated from equation (2) and other thermodyceumctions
such as free energy changeGf), entropy changg¢AS) and enthalpy change\l®) for adsorption process are
estimated from equations (3 and 4) [26-27].

K =Caig /Ciiquig -+ @)
AG® = -2.303RT log,, K....... )
AS®  AH°
2.30aR 2.30%RT

log,, K =

Where;

K= equilibrium constant.

Cwiig = solid phase concentration (mg/L) of metal ioeailibrium.
Ciique= liquid phase concentration (mg/L) of metal ioreqtilibrium.
R= gas constant (8.314 J/mol K).

T= temperature (K).
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AS andAHC were determined form the plot of légversus 1/T (equation 4; Figure 3) as:
AS= intercept x 2.303R

AH= -slope x 2.303R.

Values of logK and other thermodynamic functions are reportethiple 2.

Table 2. Thermodynamic functions such as free eneygAG"), entropy (AS") and enthalpy AH®) change for adsorption of Cu (Il) metal
ions

T log K  AGYkJ/mol) AH%kJ/mol) AS(kJ/mol)

303.15 0.6990 -4.057
313.15 0.8129 -4.718 41.67 0.15
323.15 1.1461 -6.653

Spontaneity of process can be recognized from égative values of free energy change for all teatpees [26]
and process become more favorable as temperasae® Rositive enthalpy change indicates endothematiore of
the process. Entropy change is very negligible tvisisggests very little or no structural changesdabrption sited.

CONCLUSION

Punica granatum L. husk proved to be effective adsorptive matefaalCu (II) metal ions. Adsorption of Cu (11)
onto Punica granatum L. husk is found to depend on initial concentratidmmetal ions, dose of adsorbent, pH,
contact time, and temperature. Maximum adsorptias accurred for 3 mg/L initial metal ion conceritat 0.3 g
dose of the adsorbent, pH 6, and 150 min. conitaet and, 323.15 K temperature. From temperaturertignce of
adsorption the process is found to be endotherndcspontaneous at elevated temperatures.
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