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Abstract 

            In the present study, Bentonite has been used as adsorbent to remove Cd(II) ions from wastewater. The effect of 

different parameters such as initial Cd(II) ion concentration, temperature, pH  have been studied. For kinetic study, Lagergren first 

order and pseudo second order equation have been used. For equilibrium study, Langmuir and Freundlich equation has been 

discussed. Thermodynamic parameters such as entropy change, enthalpy change, and Gibbs free energy change have been 

calculated and discussed. 
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Introduction 

 Cadmium is used as an anticorrosive, electroplated onto steel. Cadmium sulphide and selenide are commonly used as 
pigments in plastics. Its compounds are used in electric batteries, electronic component and nuclear reactors. From these 

industries, the effluents going to the nearby river pollute water and cause severe health problems. A number of methods such as 

ion-exchange, reverse osmosis, membrane filtration etc. have been reported to remove the metals from polluted water. However, 

either these methods are costly or having insufficiency of technique. Among various methods, adsorption method is one of the 

easiest, safest and most cost effective methods because it is widely used in effluent treatment processes. A large number of 

substances have been studied as adsorbent. In the present study, Bentonite, a wastewater by-product of aluminium industry has 

been used as adsorbent. 

 

Material and Methods 

      Bentonite clay and other chemicals were supplied by Loba Chemie. As analytical grade reagents and deionised water 

was used. The metal ions studied were Cd2+. A.R. quality Cd(NO3)2 was used to prepare the stock solution in deionised water. 

Batch mode experiments were carried out for the study by shaking 1.0 g of Bentonite clay with 25 ml aqueous solution of Cd(II) 

of given concentration in different glass bottles. After pre-determined time interval, the solution was centrifuged and filtered and 

the solution was analyzed for concentration of Cd(II) ion by Atomic Adsorption Spectroscopy. Various parameters were contact 

time (20, 40, 60, 80, 100, and 120 min.), pH (2.0, 4.0, 6.5 and 8.0) and temperature (303K, 313K and 323K). Initial Cd(II) 

concentration used were 250,500,750,1000,1250,1500,1750,2000,2250 and 2500 mgL-1 for the equilibrium study and for rate 

study it was 250, 1000,1500, 2000 and 2500 mgL-1. 

 

Results and Discussion 

Characterisation of Bentonite clay 

       Bentonite clay obtained from different sources contain the same basic chemical elements but in different proportions. 
Chemical composition of the present Bentonite clay obtained from XRF studies are: SiO2 (47.73%) Al2O3(14.08%), Fe203(4.03%), 

CaO(1.01%), Na2O(1.60), MgO(2.06%), TiO2 (1.00%) K2O(1.60) and P2O5(1.05). 

Effect of initial Cd(II) ion concentration and Contact time 

 The relationship between amount adsorbed (mgg-1) and time (min.) at different initial concentration has been shown in 

figure 1. It is evident from the graph that the amount adsorbed increases with time till equilibrium is reached. The time of 

equilibrium is independent of initial concentration. Initially the rate of adsorption is fast which might be due to the presence of 

more number of active sites on the surface of Bentonite clay. As the process of adsorption goes on, the number of active sites 

decreases and so the rate of adsorption also decreases. 
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Fig. 1- Effect of initial Cd(II) ion concentration and Contact time 

 

Effect of pH  

 The pH of the medium has pronounced effect on the adsorption. From figure-2 it is evident that the amount of Cd(II) 

adsorbed on Bentonite clay increased from 6.16 mgg-1( 49.28 %) to 30.73 mgg-1 (86.24 %) by increasing pH of solution from 2.0 

to 10.0  

 

Fig 2 - Effect of pH on the adsorption of Cd(II) on Bentonite clay  

 

Effect of temperature  

 The relationship between qe (mgg-1) and time (min.) at different temperatures has been presented in figure 3. It is 

evident that adsorption of Cd(II) ion on Bentonite clay increases from 9.76 mgg-1 (78.08 %) to 11.64 mgg-1 (93.12%) by 

increasing temperature from 303K to 323K indicating the process to be endothermic.  

 

    Fig. 3 - Effect of temperature on the adsorption of Cd(II) ion on Bentonite clay 

 

Adsorption Isotherm 

 Langmuir adsorption isotherm assumes that monolayer adsorption takes place on a homogeneous surface without 

interaction between adsorbate and adsorbent particles. The linear form of Langmuir isotherm is given as 

Ce/qe = 1/φ.b + Ce/φ 

 Where Ce (mgL-1) is equilibrium concentration of Cd(II) and φ and b are Langmuir constants related to adsorption 

capacity and adsorption energy respectively. 
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Fig. 4 – Langmuir isotherm for adsorption of Cd(II) ion on Bentonite clay  

   

        Table – 1 adsorption isotherm constants for adsorption of Cd(II)ion on Bentonite clay 

Langmuir isotherm results 

Tem. 

K 

Correlation coefficient 

R2 

φ b 

303 0.973 125.00 0.000749 

313 0.954 166.67 0.000843 

323 0.983 111.11 0.005906 

 

 

 

Kinetics of Adsorption  

 The Lagergren first order and pseudo-second-order have used to discuss the adsorption kinetics. 

The Lagergren first order rate equation is represented as: 

log (qe - qt) = log qe – k1.t/2.303 

Pseudo second order rate equation is represented as: 

t/qt = 1/k2.qe
2 + t/qt  

Where qe and qt are the amounts of Cd(II) adsorbed (mgg-1) at equilibrium and at time t, respectively. k1 is the Lagergren 

rate constant (min-1). k2 (g/mg/min.) is the rate constant of second order adsorption. Plots for both Lagergren first order and pseudo 

second order equation has been shown in figure -5 and 6 respectively. 

Different adsorption parameters for both models have been presented in table -2 and 3. Values of qe(cal) and k1 and k2 at different 

initial concentrations have been calculated from the slope and intercept respectively. These values have been given in table-2 and 

3. 

 

 

Fig. - 5 Lagergren first order for adsorption of Cd(II) ion on Bentonite clay 
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Fig. - 6 pseudo-second-order for adsorption of Cd(II) ion on Bentonite clay 

 It is evident from table-2 and 3 that R2 values are higher in the case of pseudo second order equation than in the case of 

first order equation. It may be concluded therefore that kinetic data fit better in pseudo second order equation. It can be seen from 

the table that k2 decreases with increase in concentration. It might be due to the possibility of low competition for active sites at 

lower concentration of metal ions at higher concentration of metal ions. The competition for the surface active sites increases 

which decreases the rate. Other investigators have found the same result. 

Table 2- Lagergren first order kinetics parameters for adsorption of Cd(II) ion on Bentonite clay 

 Lagergren  first order 

Conc. mgL-1 K1 

 min-1 

qexp  

mgg-1 

qcal  

mgg-1 

R2 

500 2.533X 10-2 9.76 7.464 0.991 

1000 2.764 X 10-2 18.97 16.22 0.997 

1500 2.533X 10-2 27.83 33.04 0.980 

2000 2.764 X 10-2 36.14 42.56 0.994 

2500 2.303 X 10-2 43.26 43.15 0.999 

 

Table 3- pseudo-second- order kinetics parameters for adsorption of Cd(II) ion on Bentonite clay 

 pseudo-second- order kinetics 

Conc.  

mgL-1 

K2  

g/mg/min 

qexp  

mgg-1 

qcal  

mgg-1 

R2 

500 3.16 X 10-3 9.76 11.90 0.998 

1000 1.45 X 10-3 18.97 23.81 0.998 

1500 0.36 X 10-3 27.83 43.48 0.993 

2000 0.29 X 10-3 36.14 55.56 0.998 

2500 0.29 X 10-3 43.26 62.50 0.996 

 

Thermodynamic treatment of the adsorption process 

The thermodynamic parameters such as free energy, enthalpy and entropy changes have been calculated using the 

following equations. 

            Ke = Cs/Ce 

          ΔG = - RT In Kc 

log Kc = ΔS/2.303 R - ΔH/2.303 RT 

 Where Ce is the equilibrium concentration in solution in mgL-1 and Cs is the equilibrium concentration on the adsorbent 

in mgL-1 and Kc is the equilibrium constant. The Gibbs free energy, ΔG was calculated from the above equation. Slope and 

intercept of the straight line obtained from the plot between log Kc vs. 1/T gives the value of ΔH and ΔS respectively. These 

values have been given in table-4. 
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Table-4 Thermodynamic parameters for adsorption of Cd(II) on Bentonite clay 

Temp. 

K 

ΔG 

kJ/mol 

ΔH 

kJ/mol 

ΔS 

J/mol 

303 -2.888  

27.304 

 

 
 

99.85 

 

313 -4.076 

323 -4.877 

 

 

Fig.7 Thermodynamic treatment of the adsorption of Cd(II) on Bentonite clay 

 

 The negative value of free energy indicates the spontaneity of the process. Positive value of enthalpy shows the 

endothermic nature of adsorption. The positive value on entropy show the affinity of the adsorbent for the Cd(II) ions. 

     

Conclusion   

         It is evident that initial Cd(II) ion concentration, contact time, pH and temperature have marked effect on adsorption. 

The equilibrium data are best explained by Langmuir adsorption isotherm. Kinetics of adsorption follows second order rate 

equation. Thermodynamic parameters also favour the adsorption. It is expected that Bentonite clay may be used as an efficient 

adsorbent under suitable conditions. 

 

References 

1. Pandey K.K., Prasad G. Singh V.N., Fly, ash China Clay for the removal of Cr (VI) from aqueous solution, Indian Journal of 
Chemistry, 23(A), 514-515 (1984) 

2. Singh V.N., Singh I.S. and Singh NP., Removal of Cu (II) from aqueous solution by fly asb, indian Journal of Technology, 

22(2), 22-27 (1984) 

3. Vishwakarma P.P. and Singh V.N., Removal of Ni (II) by China Clay, Asian Environment, 11(3), 49-64 (1984) 

4. Yadav K.P., Tyagi B.S., Pandey K.K and Singh, Flyash for the treatment of Cd (II) rich effluents, Env. Tech. Letter, (8), 

225- 234 (1989). 

5. Sekeran G., Shanmugasundaram K.A., Mariappan M. and Raghavan K.V., Indian J Chemical Technol., 2(311), 71-75 

(1995). 

6. Ali A., Singh D., Kumar S., Varma R., and Rathore P., Sorption studies on the removal of Cr(VI) ion on halloysite clay by 

kinetic methods, J. of emerging technologies and innovative Res., 6(6), 131-137 (2019). 

7. Namasivayan C. and Yamuna R T., Environ Pollut., 9(1),1-4 (1985). 

8. Kumar Sujata, Singh D., Upadhyay M., Mishra A.K. and Kumar S. (2014), Red mud as a Low  Cost Adsorption to removal 

Cu (II) ion from aqueous solution, I. J. Chem. Studies 1(6), 1-9. 

9. Ikhuoria and Omonmhenle S.I., Removal of heavy metals from aqueous solution by adsorption onto chemically modified 

pumpkin, (Telfaira accidentalis Hook) Seed Husk, J. Chem. Soc. Nig., 31(1-2), 109-113 (2006) 

10. Gotoh T., Matsushima K. and Kikuchi K.I. Preparation of alginatechitosan hybrid gel beads and adsorption of client divalent 

metal ions., Chemosphere, 5.5(1), 135-140 (2004) 

11. Grosse D.N., A review of alternative treatment process for metal bearing hazardous waste streams, J. Air Pollution Contr. 

Assor., 36,603-614 (1986). 

y = -1426.4x + 5.2157
R² = 0.9839

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0.00305 0.00310 0.00315 0.00320 0.00325 0.00330 0.00335

Lo
g 

K
c

1/T

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                           www.jetir.org (ISSN-2349-5162) 

JETIR1907390 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 617 
 

12. Findon A., Mckay G. and Blair H.S., Transport studies for the sorption of copper ions by chitosan, J. Environ. Sci. Health, 

A2 8(1), 173-185 (1993). 

13. Wongjunda J. and Saueprasearsit P.,Biosorption of Chromium(VI) using rice husk ash Environ Res. J., 4(3), 244-250 (2010). 

14. Cho H., Oh D. and Kim K., A study on removal characteristics of heavy metals from aqueous solution by fly ash. J.Haz. 
Mat., B127, 187-195 (2005). 

15. Kumar Sujata, Singh D., Upadhyay M., Mishra A.K. and Kumar S. (2014), A study on removal of Cd (II) from aqueous 

solution by adsorption on red mud, Res. J. Chem. Sci. 4(4), 44-53. 

16. Yadav Rakesh Kumar and Augur M.R., (2018) “Monsoon Seasons Water Quality Status of Ground Water System in 

Takhatpur, Bilaspur District, Chhattisgarh, India”. Rasayan journal of Chemistry Vol. 11 (2), 537-543.  

17. Bello O.S., Olusegun O.A. and Nioku V.O., Fly ash-An alternative to powdered activated carbon for the removal of Eosin 
dye from aqueous solutions. Bull.Chem. Soc. Ethiop., 27(2), 191-204 (2013) 

18. Anirudhan T.S. and Radhakrishnan P.G., Thermodynamics and kinetics of adsorption of Cu(II) from aqueous solutions onto 

a new cation exchanger derived from tamarind fruit shell, J. Chem. Thermodynamics., 40(4). 702-709 (2008). 

19. Chen Z., Ma W. and Han M., Biosorption of nickel and copper onto treated alga (Undanapinnatifida): Application of 

isotherm and kinetic models. J. Haz. Mat., 155(1-2), 327-333 (2008). 

20. Singh Dhanesh and Singh A. (2012), Chitosan for the removal of chromium from waste water. I. Res. J. Environment Sci. 

1(3), 55-57.  

21. Ali A., Rathore P. Singh D. and Kumar S., kinetic studies of Sorption of Cr(VI) on Bentonite clay at different parameter, 

review of research journal, 8(8), 23-30 (2019).    

22. Lagergren S.. About the theory of so-called adsorption of soluble substances, der Sogenanntenadsorption geloster stoffe 

Kungliga Svenska psalka de Miens Handlingar., 24,1-39(1898). 

23. Singh Dhanesh & Rawat N S, Asian Environ, 15 (1993)56. 

24. Ho Y.S. and Mckay G., the kinetics of sorption of divalent metal ions onto sphagnum moss peat., Water Res. 34(3) 735-742 

(2000). 

25. Weber W.J. and Morris J.C., Kinetics of adsorption on carbon from solution, J. Saint. Eng. Div. Am. Soc. Eng., 89.31-60 

(1963) 

26. Arivoli S., Henia M., Karuppaiah M. and Saravanan S., Adsorption of chromium ion by acid activated low cost carbon-
Kinetic, Mechanistic, Thermodynamic and Equilibrium studies, E-Journal of Chemistry. 5(4), 820-831 (2008). 

27. Singh B K, Mishra N M & Rawat N S, Mine Technol, 14(1993) 35. 

28. Senthilkumar P., Ramalingam S.,Sathyaselvabala V., Kirupha D.S. and Sivanesan S., Desalination, 266(1-3), 63-71 (2011) 

29. Nevine K.A., Removal of direct blue-106 dye from aqueous solution using new activated carbons developed from 

pomegranate peel: Adsorption equilibrium and kinetics, J. Haz. Mat.., 165(1-3), 52-62 (2009) 

30. Brummer G.W., Importance of Chemical Speciation in Environmental Process (Springer Verlag. Berlin) (1986) 

31. Singh Dhanesh and Rawat N.S., Bituminous coal for the Removal of Cd rich water, Ind. J. Chem. Technol., 1, 266-270 

(1994) 

32. Singh Dhanesh, and Rawat N.S., Sorption of Pb(II) by bituminous coal, indt. J. Chem. Technol, 2,49-50 (1995) 

33. Singh B K & Rawat NS, J Chem Technol Biotechnol, 61(1994) 307. 

34. Ranjana K & Rawat NS, Environmental Impact of Coul Utilization, Proc Indian Institute of Technology, Bombay, 239-253, 

(1990). 

http://www.jetir.org/

