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ABSTRACT 
 
Temperature effects on adsorption of Pb (II) and Cd (II) 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 (∆G0), entropy (∆S0) and enthalpy (∆H0) 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 has attracted worldwide attention. Some metals have toxic or harmful 
effects on life [1]. Remove of the heavy metals from aqueous solutions by their adsorption onto the agricultural 
wastes is area of interest. Adsorption is collection of adsorbate on the surface of adsorbent due to force of attraction. 
Adsorption of toxic metals from aqueous solutions onto the agricultural waste is one of the economical and eco-
friendly techniques. 
 
Constituents like, phenolic punicalagins, gallic acid and other fatty acids [2] flavonols [3], flavones, flavonones [4] 
and anthocyanidins [5] are present in the Punica granatum pericarp. Therefore, we thought of using Punica 
granatum L. husk in natural state as an adsorbent for Pb (II) and Cd (II) metal ions.  Adsorption of Cd (II) and Pb 
(II) from aqueous solutions onto activated alumina [6] agricultural byproducts [7], and functionalized sugarcane 
bagasse [8] has been studied. The adsorption of heavy metals has been studied by many workers [9-12]. 
 
Present work reports the adsorption of Pb (II) and Cd (II) metal ions on to Punica granatum L. at different 
temperatures and for different shaking times. The thermodynamics functions of adsorption have been estimated. 

 
EXPERIMENTAL SECTION 

 
Preparation of solutions 
Pb (II) and Cd (II) salts (PbCl2 and CdCl2·2H2O) used for preparation of solutions were of analytical reagent grade. 
Demineralized distilled water was used for preparation of metal salt solutions. 100 mL solution of 3 mg/L of each 
metal salts was prepared in calibrated volumetric flasks by dissolving accurate amount of metal salt in water. 
Electronic balance was used for weighing (Model No.-CA-123, 0.001g, Contech Instruments Ltd.). 
 
 
 



S. D. Deosarkar                                                      J. Chem. Pharm. Res., 2012, 4(6): 3319-3323       
______________________________________________________________________________ 

3320 
 

Preparation of adsorbent 
Punica granatum L. husk were collected, exposed to sunlight for seven days and subsequently they were ground, 
sieved to pass through 100-mesh screen and then exposed to sunlight for 24 hours and were preserved in airtight 
bottles with cork. It was then dried in hot air oven, (Bio Techniques India). 
 
Adsorption study 
The adsorption of Pb (II) and Cd (II) metal ions from aqueous solutions was studied by batch adsorption method 
[13-14].  300 mg of the adsorbent was weighed and added to the conical flasks containing 100 mL metal ion 
solution. The pH of mixtures was maintained at 6 and required temperatures were maintained constant. Flasks were 
corked and placed on shaker for desired time (60, 120 and 150 min). After 60, 120 and 150 minutes the mixtures 
were filtered using Whatman No. 40 filter paper and filtrates were analyzed for equilibrium metal ion concentration 
spectrophotometerically. 
 
Experimental conditions 
Experimental conditions were maintained throughout the experiment as:  
Initial concentration of metal ions= 3 mg/L; dose of adsorbent= 3 g/L; pH= 6; contact time= 60, 120 and 150 min. 
and temperature= 298.15, 303.15 and 308.15 K. 

 
RESULTS AND DISCUSSION 

 
The percent adsorption (uptake) of metal (% X) was determined by following equation [15]: 
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Where, Co and Ce are initial and equilibrium concentration of metal ion solution (mg/L).  
 
The values of equilibrium concentration and percent metal ion removal for different temperatures are reported in 
Table 1. The adsorption of metal ions onto pomegranate husk was studied at different temperatures for different 
shaking times (contact time between adsorbate and adsorbent) and variation of percent adsorption with temperature 
and shaking times for Pb (II) and Cd (II) is shown in Figure 1 and 2.  

 
Fig. 1. Plots of percent metal removal versus temperature for different shaking times for Pb (II) metal ions 
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Table 1. Equilibrium concentration of metal ion and percentage of metal ion removal for different batch adsorption studies (C0=3 mg/L) 
 

T, K *t, min. 
Ce, mg/L ** (Co-Ce /Co) × 100 log K 

Pb (II) Cd (II) Pb (II) Cd (II) Pb (II) Cd (II) 

298.15 
60 1.9 2.0 36.67 33.33 -0.2374 -0.3010 
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 

303.15 
60 1.7 1.8 43.33 40.00 -0.1165 -0.1761 
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 

308.15 
60 1.6 1.7 46.67 43.33 -0.0580 -0.1165 
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 /Co) × 100= % adsorption 
 

Fig. 2. Plots of percent metal removal versus temperature for different shaking times for Cd (II) metal ions 
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It can be seen that the adsorption of both the metal ions increased with rise in temperature which indicates 
endothermic nature of the adsorption process [16]. This may be due to the increase in number of active sites on the 
adsorbent. 
 
Thermodynamic functions 
 
Equilibrium constant of adsorption process was calculated by using following equation [17]: 
 

)2.......(liquidsolid CCK =
           

 
Where, K is equilibrium constant; Csolid and Cliquid are solid phase and liquid phase concentration (mg/L) of metal ion 
at equilibrium. Log K values are reported in Table 2. 
 
The free energy change (∆G0) associated with adsorption was calculated using following equations [18-19]. 
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Where, R is gas constant (8.314 J/mol K) and T is temperature (K). 
 
Entropy change (∆S0) and enthalpy change (∆H0) are related with K by following equation [20]: 
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From the plot of log K versus 1/T, Figure 3 (vant Hoff plots), ∆S0 was determined from intercept (∆S= intercept × 

2.303R) and ∆H0 was determined from slope (∆H= -slope × 2.303R) of the curve. The values of thermodynamic 

properties are reported in Table 2. 
 

Fig. 3. Plots of log K versus 1/T for the estimation of thermodynamic functions 
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The positive values of ∆H0 for both metal ions indicate endothermic nature of the adsorption onto pomegranate 
husk.  
 
Entropy change is positive but negligible indicating small structural changes at active sites of the adsorbent during 
adsorption process. 

 
Table 2. Thermodynamic parameters like free energy (∆G0), entropy (∆S0) and enthalpy (∆H0) change for optimized contact time 

 

T (K) t (min.) 
∆G0 (kJ/mol) ∆S0 (kJ/mol) ∆H0 (kJ/mol) 

Pb (II) Cd (II) Pb (II) Cd (II) Pb (II) Cd (II) 
298.15 150 -21.01 -3.97 

2.63 3.64 781.15 1105.50 303.15 150 -29.99 -17.47 
308.15 150 -47.96 -41.24 

 
Free energy change is negative for all temperatures indicating spontaneity of process [21] and these values became 
more negative as temperature rises which is due to increase in spontaneity of the adsorption with rise in temperature. 
 

CONCLUSION 
 
Temperature and shaking time effects on adsorption of Pb (II) and Cd (II) metal ions from aqueous solutions by 
Punica granatum L. has been studied. The Punica granatum L. husk proved to be effective adsorptive material for 
Pb (II) and Cd (II) metal ions. For given temperature the adsorption has increased with shaking time. Rise in the 
temperature favored the adsorption of both the metal ions indicating it is an endothermic process. 
 
Acknowledgement 
Author is thankful to Fr. Anthony De Souza, Ex. Principle, S. F. S. College, seminary Hills, Nagpur (MS) India for 
providing research facilities. 
 

REFERENCES 
 

[1] A Kumar Meena; K Kadirvelu; GK Mishra; C Rajagopal; PN Nagar. J. Hazard. Mat., 2008, 150 (3), 619-625. 
[2] Y Amakura; M Okada; S Tsuji; Y Tonogai. J. Chromatogr. A, 2000, 891, 183-188. 
[3] N Artik. Fruit Processing, 1998, 8, 492-499. 
[4] MA Nawwar; SA Hussein; I Merfort. Phytochem., 1994, 36, 793-798. 
[5] Y Noda; T Kaneyuki; A Mori; L Packer. J. Agric. Food Chem., 2002, 50, 166-171. 



S. D. Deosarkar                                                      J. Chem. Pharm. Res., 2012, 4(6): 3319-3323       
______________________________________________________________________________ 

3323 
 

[6] T  Kumar Naiya; A Kumar Bhattacharya; S Kumar Das. J. Colloid Interface Sci., 2009, 333 (1), 14-26. 
[7] SD Deosarkar; ML Narwade; V. J. Thakare. Acta Ciencia Indica, 2009, 35C (2), 221-224. 
[8] V Christian Taty-Costodes; Henri Fauduet; Catherine Porte; Alain Delacroix. J. Hazard. Mat., 2003, 105 (1-3), 

121-142. 
[9] S Chandra Mohan; R Elaya Raja; A Elavarasan; R Senthil Kumar; P Sathiya; R Suganthi. J. Chem. Pharm. 

Res., 2012, 4(3), 1493-1500. 
[10] SP Mishra, PG Raju Achary and M Das, J. Chem. Pharm. Res., 2012, 4(2), 207-1216. 
[11] P Govindaraj, P Sivasamy; J Rejinis. J. Chem. Pharm. Res., 2012, 4(1), 286-293. 
[12] V Balakrishnan; S Arivoli; A Shajudha Begum; A Jafar Ahamed. J. Chem. Pharm. Res., 2010, 2(6), 76-190. 
[13] Leandro Vinícius; Alves Gurgel; Laurent Frédéric Gil. Water Research, 2009, 43 (18), 4479-7788. 
[14] NT Abdel-Ghani; MM Hefny; GA EL-Chaghaby. J. Chil. Chem. Soc., 2008, 53, 1585-1587. 
[15] JM Dhabab. J. Toxicol. Environ. Health Sci. 2011, 3, 164-170. 
[16] Yong-Gui Chen; Wei-Min Ye; Xiao-Min Yang; Fei-Yue Deng; Yong He. China. Environ. Earth Sci., 2011, 64, 

329-336. 
[17] Jinjing Luo; Huazhen Shen; Hanna Markstrom; Zhongye Wang; Qiang Niu. J. Miner. Mater. Charact. Eng., 

2011, 10, 561-571. 
[18] A Jafar Ahamed; V Balakrishnan. J. Chem. Pharm. Res., 2010, 2, 733-745. 
[19] Y Liu; H Xu. Biochem. Eng. J., 2007, 35, 174-182. 
[20] Jianhong Xi; Mengchang He; Chunye Lin. Environ. Earth Sci., 2010, 60, 715-722. 
[21] Syed MuzaffarAli Andrabi. Eur. J. Wood Prod., 2011, 69, 75-83.  


