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ABSTRACT

Temperature effects on adsorption of Pb (1) and Cd (I1) onto Punica granatum L. husk for optimized predetermined
conditions has been studied by batch adsorption experiment for different contact time between adsorbate and
adsorbent. The adsorption was found to increase with rise in temperature. Thermodynamic functions like
equilibrium constant (K), free energy (4G°), entropy (4S”) and enthalpy (4H®) for adsorption were estimated. The
adsorption process was found to be endothermic with increase of randomness at solid-liquid interface.
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INTRODUCTION

A toxic heavy metal ion in industrial waste hagaatted worldwide attention. Some metals have toxibarmful
effects on life [1]. Remove of the heavy metalsnfraqueous solutions by their adsorption onto thiécalgural
wastes is area of interest. Adsorption is collectdadsorbate on the surface of adsorbent duerte fof attraction.

Adsorption of toxic metals from agueous solutiomsoothe agricultural waste is one of the economésal eco-
friendly techniques.

Constituents like, phenolic punicalagins, galliedaand other fatty acids [2] flavonols [3], flavandlavonones [4]
and anthocyanidins [5] are present in tPenica granatum pericarp Therefore, we thought of usinBunica

granatum L. husk in natural state as an adsorbent for Bba¢itl Cd (II) metal ions. Adsorption of Cd (Il)daPb

(I from aqueous solutions onto activated alumj6hagricultural byproducts [7], and functionalizedigarcane
bagasse [8] has been studied. The adsorption of/hmeatals has been studied by many workers [9-12].

Present work reports the adsorption of Pb (II) &dl (II) metal ions on tdPunica granatum L. at different
temperatures and for different shaking times. Heerhodynamics functions of adsorption have beemattd.

EXPERIMENTAL SECTION

Preparation of solutions

Pb (I) and Cd (Il) salts (Pb&hnd CdC}2H,0) used for preparation of solutions were of anedytreagent grade.
Demineralized distilled water was used for prepanadbf metal salt solutions. 100 mL solution of g/in of each
metal salts was prepared in calibrated volumetasks by dissolving accurate amount of metal saltvater.
Electronic balance was used for weighing (Model-88-123, 0.001g, Contech Instruments Ltd.).
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Preparation of adsor bent

Punica granatum L. husk were collected, exposed to sunlight foresedays and subsequently they were ground,
sieved to pass through 100-mesh screen and theysexpo sunlight for 24 hours and were preserveairtight
bottles with cork. It was then dried in hot air ayéBio Techniques India).

Adsor ption study

The adsorption of Pb (Il) and Cd (II) metal ionserfr aqueous solutions was studied by batch adsarptiethod
[13-14]. 300 mg of the adsorbent was weighed ahdkd to the conical flasks containing 100 mL mébal
solution. The pH of mixtures was maintained at 8 seequired temperatures were maintained constéagks were
corked and placed on shaker for desired time (80,dnd 150 min). After 60, 120 and 150 minutesrttietures
were filtered using Whatman No. 40 filter paper éiichtes were analyzed for equilibrium metal iooncentration
spectrophotometerically.

Experimental conditions

Experimental conditions were maintained throughbatexperiment as:

Initial concentration of metal ions= 3 mg/L; dodeadsorbent= 3 g/L; pH= 6; contact time= 60, 12d 460 min.
and temperature= 298.15, 303.15 and 308.15 K.

RESULTSAND DISCUSSION

The percent adsorption (uptake) of metalXYwas determined by following equation [15]:

C C
%X =—9 €x100.......(0)
s
Where,C,andC, are initial and equilibrium concentration of matai solution (mg/L).

The values of equilibrium concentration and peraeetal ion removal for different temperatures aported in
Table 1. The adsorption of metal ions onto pomesgeaimusk was studied at different temperaturedlififerent
shaking times (contact time between adsorbate dsdrlent) and variation of percent adsorption wéthperature
and shaking times for Pb (I1) and Cd (1) is shawrrigure 1 and 2.

Fig. 1. Plots of percent metal removal versustemperaturefor different shaking timesfor Pb (1) metal ions
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Table 1. Equilibrium concentration of metal ion and per centage of metal ion removal for different batch adsorption studies (Co=3 mg/L)

TK 't min C., mg/L "(Ce-Ce IC;) X100 log K
’ M 75p) cdn ] Po(y  cd(h | PbQn _ cd(i

60 1.9 2.0 36.67 33.33 -0.2374  -0.3010

298.15 120 1.4 1.6 53.33 46.67 -0.0580 0.0580
150 0.9 1.38 70.00 54.00 0.3680 0.0696
60 1.7 1.8 43.33 40.00 -0.1165 -0.1761

303.15 120 1.1 1.3 63.33 56.67 0.2374 0.1165
150 0.7 1.0 76.67 66.67 0.5166 0.3010
60 1.6 1.7 46.67 43.33 -0.0580 -0.1165

308.15 120 0.9 0.9 70.00 70.00 0.3680 0.3680
150 0.4 0.5 86.67 83.33 0.8129 0.6990

“t=shaking (contact) time; " *(Co-Ce /C,) X 100= % adsorption

Fig. 2. Plots of percent metal removal ver sustemperature for different shaking timesfor Cd (1) metal ions
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It can be seen that the adsorption of both the Imetes increased with rise in temperature whichidates
endothermic nature of the adsorption process [WiGs may be due to the increase in number of adiites on the
adsorbent.

Thermodynamic functions

Equilibrium constant of adsorption process wasuated by using following equation [17]:
K =Cgig /Ciiguia -+ @)

Where K is equilibrium constantCyiq andCiiqiq are solid phase and liquid phase concentratioril(neg metal ion
at equilibrium. LogK values are reported in Table 2.

The free energy changa®@®) associated with adsorption was calculated usitigiing equations [18-19].

AG®° =AH° -TAS® =-2303RT log,, K.......(3)

Where, R is gas constant (8.314 J/mol K) and €ngperature (K).

Entropy changéAS’) and enthalpy chang@K®) are related withk by following equation [20]:

AS° AH °
lo K= - .. 4
Yo 2.302R  2.30ZRT )
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From the plot of logk versus 1/T, Figure 3 (vant Hoff plot&)S’ was determined from intercefiS intercept x
2.303R) andAH® was determined from slopAHKi= -slope x 2.303R) of the curve. The values of nfmynamic
properties are reported in Table 2.

Fig. 3. Plotsof log K versus /T for the estimation of ther modynamic functions
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The positive values oAH° for both metal ions indicate endothermic naturethef adsorption onto pomegranate
husk.

Entropy change is positive but negligible indicgtemall structural changes at active sites of ttedbent during
adsorption process.

Table 2. Thermodynamic parameters like free energy (AG®), entropy (AS%) and enthalpy (AH®) change for optimized contact time

) AG® (kJ/mol) AL (kJ/mol) AHC (kJ/mol)
TH) | tmin) =5 T ey [ Po | cd )| Pb ()] Cd D
298.15| 150 | -21.01 -3.97
303.15| 150 | -29.99 -17.47 263 | 3.64 | 781.1§ 110550
308.15| 150 | -47.94 -41.24

Free energy change is negative for all temperatadisating spontaneity of process [21] and thesleas became
more negative as temperature rises which is diectease in spontaneity of the adsorption with inseemperature.

CONCLUSION

Temperature and shaking time effects on adsormifoRb (II) and Cd (II) metal ions from aqueous solos by
Punica granatum L. has been studied. ThHunica granatum L. husk proved to be effective adsorptive mateial
Pb (II) and Cd (Il) metal ions. For given temperatthe adsorption has increased with shaking tiRige in the
temperature favored the adsorption of both the Inata indicating it is an endothermic process.
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