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ABSTRACT 
 
Cadmium is toxic to living systems and therefore it is essential to remove it from water resources. The present 
research article reports Cd(II) abetment efficacy of activated carbon derived from Butea monosperma wood 
(BMWAC) from aqueous solution. The self generated activated carbon was characterized using techniques like 
FTIR and SEM. Adsorption capacity of BMWAC for Cd(II) abetment was  investigated employing batch 
equilibration method. The effect of various parameters like contact time, initial solute concentration, pH and 
adsorbent doses has also been studied and reported. The adsorption data were found fit well with the Langmuir 
model. The percent removal of Cd (II) was found to be increase with adsorbent doses from 1-8 gmdm-3. At optimum 
condition nearly 92% abatement of Cd(II) has been noted using BMWAC. Thus the self-prepared activated carbon 
under investigation has been proved to be an excellent economical adsorbent material for Cd(II) removal from 
contaminated water/wastewater. 
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INTRODUCTION 
 

Different industrial discharge effluents containing toxic metals can cause severe contamination of ground and 
surface water. However environment become polluted not only by rapid industrialization, deforestation, and 
unplanned urbanization, but also some natural phenomenon like weathering of rock and volcanic activities also play 
a crucial role for enriching the water reservoirs with heavy metal pollutants[1-2].Cadmium is rare and uniformly 
distributed element in the earth crust with an average concentration of 0.15 to 0.20 mg/Kg. It occurs in the form of 
inorganic compounds and complexes with chelating agent[3]. Cadmium is one of the most toxic environmental and 
industrial pollutants because it can damage almost all important organs[4]. It is a human carcinogen[5]. Cadmium 
and its compounds are used in paints, pigments, plastics, electroplating, equipments, machineries, baking channels 
and photography[6]. Even small quantity of Cd assimilation by the body can cause severe high blood pressure, heart 
disease and can lead to death[7]. The acute over exposure to Cd fumes can cause pulmonary diseases while chronic 
exposure causes renal tube damage and prostate cancer[8]. The commonly used methods for removing metal ions 
from waste water include precipitation, lime coagulation, reduction, electrolytic removal, ion-exchange, reverse 
osmosis, membrane filtration and solvent extraction[9-14]. Bio-sorption, a technically feasible and economical 
process, has gained increased creditability during recent years[15]. A number of biosorbents have been used such as 
tree barks, saw dusts, activated rice husk, coconut shell, almond shell etc. for the adsorption of heavy metals. Use of 
surface modified/chitosan coated bio-sorbent as low cost material for abatement of Cr(VI) has been reported in the 
literature[16-17]. The low cost activated carbon derived from Cassia fistula has also been reported as an excellent 
adsorbent for removal of Cr(VI)[18]. The objective of the present study is to investigate the possible use of activated 
carbon derived from Butea monosperma wood (BMWAC) as an alternative economical adsorbent material for 
removal of Cd(II) employing batch experiments. 
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MATERIALS AND METHODS 
 

All the chemicals used were of analytical or chemically pure grade. Distilled water was used throughout the 
investigation. 
 
Preparation of Activated Carbon from the Butea monosperma wood 
Butea monosperma wood was collected from local area and cut into small pieces and washed several times with tap 
water followed by distilled water. The clean biomass so obtained was sun dried for 5 days. The biomass was 
subjected to pyrolysis process using Muffle Furness. During slow carbonization of raw material in absence of air at 
temperature range 600-7000C, volatile products were removed and residue was converted into char. The char was 
then subjected to chemical activation process using 25% zinc chloride solution. This activated carbon was then 
washed with distilled water and dried at 1050C for 2hrs. and stored in air tight bottle. The material has been 
characterized by FTIR and SEM studies. This newly obtained activated carbon material is abbreviated as BMWAC. 
 
Preparation of stock solution 
Synthetic stock solution of Cd(II) was prepared by dissolving required quantity of cadmium  sulphate salt in the 
distilled water. This solution was diluted to proper proportions to obtain various standard solutions ranging their 
concentrations 10-100mgl-1. Adjustment of pH was done using 0.5N HCl and 0.5N NaOH solution. 
 
Batch Experiment 
Batch equilibrium studies were conducted with different parameters such as pH, agitation time, initial concentration 
of Cd(II) solution and effect of adsorbent doses. The systems were agitated on rotary shaker at 200 rpm, filtered 
through Whatman no.42 filter paper and filtrate was analyzed for Cd(II) concentration using UV-Visible 
Spectrophotometer. From experimental data, the applicability of Langmuir model was judged. Linear regression 
coefficient (R2) and isotherm constant values (qm, b & RL) were determined from the model. 
 
Characterization of BMWAC  
Scanning Electron Microscopy (SEM) Analysis 
Fig.1 shows the SEM image of BMWAC which is obtained using an accelerating voltage of 20 KV at x 1000 
magnification. SEM micrograph clearly revealed that wide variety of pores are presents on the surface of activated 
carbon (BMWAC) accompanied with fibrous structure. It can also be noticed that there are holes and caves type 
opening on the surface of the adsorbent, which would have created greater surface area available for adsorption.   
 
FTIR Studies 
FTIR spectrum of BMWAC has shown in Fig.2. The peak at 3838cm-1 indicates N-H stretching. The band at 
3628cm-1 indicates the presence of dissociated or associated –OH on the adsorbent surface. The band at 2343cm-1 
shows more strongly hydrogen bonded –OH group.  The weak peaks appeared in the range 1450 cm-1 to 1580 cm-1 
indicate the presence of C=C bond stretching and N-O stretching. The weak peaks noticed in the range 540cm-1to 
700cm-1 shows presence of carbon- bromine stretching in alkyl halide. 
 

 
 
 
 
 
 
 
 
 

 
 

RESULTS AND DISCUSSION 
 

Effect of pH on adsorption 
Effect of pH on Cd(II) adsorption using BMWAC  as an adsorbent has been studied in the pH range 1to10 and 
presented in Fig.3. It is seen that solution pH plays a very important role in the adsorption of Cd(II). The percentage 
removal increases steadily from 64 to 92% when pH is increased from 1 to 5.5 in Cd(II) adsorption and slowly 
decreases on further increases in pH. 

           Fig.2 FTIR spectrum of BMWAC 
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Effect of contact time on adsorption 
Adsorption experiments were conducted as a function of contact time and results have shown in Fig.4. The rate of 
Cd(II) binding with adsorbent was greater in the initial stages then gradually increases and remains almost constant, 
after optimum period of 140 min. 
 
Effect of adsorbent doses 
The effect of adsorbent (BMWAC) doses on percent removal of Cd(II) in the range 1 to 10gm is represented in 
Fig.5. The initial Cd(II) concentration was taken to be 30ppm. However after certain adsorbent dose it becomes 
constant and it is treated as an optimum adsorbent dose, which is found to be 8 gm/lit. for the BMWAC adsorbent. 
 
Effect of the Initial concentration of Cd(II) solution 
The Experimental studies were carried with varying initial concentration of Cd(II) ranging from 10 to 100 ppm 
using 8 gm/lit.of adsorbent dose. The results have shown in Fig. 6. The results demonstrate that at a fixed adsorbent 
dose the percentage of Cd(II) removal decreases with increasing concentration of adsorbate. 
 

 
 

Adsorption Isotherm 
The isotherm data have been linearized using Langmuir equation and is plotted between Ce/qe versus Ce. The 
Langmuir constant ‘qm’ which is measure of the monolayer adsorption capacity of BMWAC is obtained as 11.73. 
The Langmuir constant ‘b’ which denotes adsorption energy is found to be 0.054. The high value (0.9943) of 
regression correlation coefficient (R2) indicates good agreement between the experimental values and isotherm 
parameters and also confirms the monolayer adsorption of Cd(II) onto BMWAC. The dimensional parameter ‘RL’ 
which is a measure of adsorption favorability is found to be 0.3808 (0< RL< 1) which confirms the favorable 
adsorption process for Cd(II) on BMWAC  adsorbent. 
 

CONCLUSION 
 

i) Activated carbon has been obtained successfully from Butea monosperma wood which is abbreviated as 
BMWAC. 
ii) The activated carbon under investigation has been characterized by FTIR and SEM studies. 
iii) BMWAC has been found to be most effective for Cd(II) removal. At pH 5.5, 92 % of Cd(II) was removed from 
aqueous solution and adsorption was found to be pH dependent. 
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iv) The increase in percent removal capacity was observed to be increased with increase in adsorbent doses and 
contact time. Maximum Cd (II) removal was found to be 92 % for 8.0 gm/lit. of BMWAC dose(optimum adsorbent 
dose) and at 140 min.(optimum contact time). 
v) The newly obtained activated carbon i.e. BMWAC under present investigation can be successfully employed for 
Cd(II) abatement from contaminated water and thus can be used for water/wastewater treatment in pollution control. 
 
Scope for further work 
The BMWAC can be tested for its practical applicability towards removal of other pollutants inclusive of toxic 
metals, pesticides/insecticides and organic contaminants. 
 
Acknowledgments 
Authors are highly thankful to Dr. R.B. Kharat, Ex- Director Institute of Science Nagpur for his valuable guidance, 
moral support, timely help and constant encouragement during the course of this investigation. Thanks are also due 
to the Director, Govt. Institute of science Nagpur for providing necessary library and laboratory facilities. 
 

REFERENCES 
 

[1].Y. Jonathan, Am, J. Appl. Sci. 2010, 7 (2), 153. 
[2].M.C. and B.Y.  Kamruzzaman, Am., J, App Sci. 2009, 6(7), 1418. 
[3].Hiatt V. and Hutt I. E., Int. J. Environment Stud. 1975, 7, 277 – 285. 
[4].ATSDR –Draft toxicological profile for cadmium, Agency for toxic substances and Diseases Registry, U. S. 
Department of Health and Human Service, Atlanta USA. 2008-a.  
[5].IARC – Cadmium compound. IARC summary and evaluation.1993,volume 58.  
[6].Csuros M. and Csuros C. Environmental Sampling and Analysis for metals, London: Lewis Publisher, 2002. 
[7].Pan J., Plant J. A., Voulvouliis N. Oater C. J., Ihlenfeld C., Environ. Geochem. Health. 2010, 32, 1 – 12. 
[8].Jarup L. and Akesson A. Toxicology and Applied Pharmacology.2009, 238, 3, 201–208. 
[9].Chakravarti A K , Choudhary S, Chakrabarty S and Mukharjee D C, surf. A: Physio Chem. Engg. Aspects, 1995, 
103, 59-71. 
[10].Cimino G, Passerini A and Toscano G, water Res. 2000, 34(11) 2955-2962. 
[11].Gode F and pehlivan E, J. Hazard Mater. 2005, 119 175-182. 
[12].Juang R.S. and Shiau R. C. , J Membr Sci. 2000,21(10), 1091-1097. 
[13].Lalvani SB, Hubner A and Wiltowski TC, Energy Sources. 2000, 22, 45-46. 
[14]. Lu A, Zhong S, Chen J, Shi J, Tang J and luX.  Environ Sci. Technol. 2006, 40(9), 3064-3069.  
[15].Rengaraj S: Yeon K.H. and Moon S.H, J. Hazard Mat. 2001, 87, (1-3), 273-287. 
[16].Hunge S.S., Rahangdale P.K., Lanjewar M.R.; Int. Arch. App. Sci. Technol. March 2014, Vol 5 [1], pp.06- 10. 
[17].Hunge S.S., Rahangdale P.K., Lanjewar M.R.; International Journal of Current Research. May 2014, Vol. 6, 
Issue, 05, pp.6787-6791. 
 [18].Vilayatkar N.D., Gadegone S.M., Rahangdale P.K. International Journal of Chemical and physical Science. 
Jan. 2015, Vol. 4, pp. 116-121. 


