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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(ll) 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(ll) 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 (I1) was found to be increase with adsorbent doses from 1-8 gmdm®. At optimum
condition nearly 92% abatement of Cd(l1) 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(l1) removal from
contaminated water/wastewater .
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INTRODUCTION

Different industrial discharge effluents containitaxic metals can cause severe contamination ofirgtcand
surface water. However environment become pollutetl only by rapid industrialization, deforestatioand
unplanned urbanization, but also some natural pinenon like weathering of rock and volcanic actéstalso play

a crucial role for enriching the water reservoirshvwheavy metal pollutant${2].Cadmium is rare and uniformly
distributed element in the earth crust with an agerconcentration of 0.15 to 0.20 mg/Kg. It ocdarthe form of
inorganic compounds and complexes with chelatirengg]. Cadmium is one of the most toxic environmental and
industrial pollutants because it can damage alralbsinportant organd]. It is a human carcinogesj Cadmium

and its compounds are used in paints, pigmentstiga electroplating, equipments, machineriesjrigakhannels
and photographg]. Even small quantity of Cd assimilation by the b@dy cause severe high blood pressure, heart
disease and can lead to de@}h[he acute over exposure to Cd fumes can cause palyaiseases while chronic
exposure causes renal tube damage and prostater[8rithe commonly used methods for removing metal ions
from waste water include precipitation, lime coagian, reduction, electrolytic removal, ion-exchangeverse
osmosis, membrane filtration and solvent extra¢8d@]. Bio-sorption, a technically feasible and economica
process, has gained increased creditability dueegnt yeard]. A number of biosorbents have been used such as
tree barks, saw dusts, activated rice husk, cocalmelt, almond shell etc. for the adsorption ofuyemetals. Use of
surface modified/chitosan coated bio-sorbent asdost material for abatement of Cr(VI) has beeroreggl in the
literaturefl6-17]. The low cost activated carbon derived fr@assia fistula has also been reported as an excellent
adsorbent for removal of Cr(VD8]. The objective of the present study is to inveséighe possible use of activated
carbon derived fronButea monosperma wood (BMWAC) as an alternative economical adsorbeaterial for
removal of Cd(Il) employing batch experiments.
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MATERIALSAND METHODS

All the chemicals used were of analytical or cheattyc pure grade. Distilled water was used throughihe
investigation.

Preparation of Activated Carbon from the Butea monosperma wood

Butea monosperma wood was collected from local area and cut intolsmieces and washed several times with tap
water followed by distilled water. The clean biomas obtained was sun dried for 5 days. The biomass
subjected to pyrolysis process using Muffle Furn&aging slow carbonization of raw material in abse of air at
temperature range 600-A00) volatile products were removed and residue veawerted into char. The char was
then subjected to chemical activation process ugbfp zinc chloride solution. This activated carbmas then
washed with distilled water and dried at 9405for 2hrs. and stored in air tight bottle. The enal has been
characterized by FTIR and SEM studies. This newlpimed activated carbon material is abbreviated@M$VAC.

Preparation of stock solution

Synthetic stock solution of Cd(ll) was prepareddigsolving required quantity of cadmium sulphaaét g the
distilled water. This solution was diluted to progeoportions to obtain various standard soluticansging their
concentrations 10-100myl Adjustment of pH was done using 0.5N HCI and ON®&OH solution.

Batch Experiment

Batch equilibrium studies were conducted with défg parameters such as pH, agitation time, initiscentration
of Cd(ll) solution and effect of adsorbent dosebe Bystems were agitated on rotary shaker at 200 fiftered
through Whatman no.42 filter paper and filtrate wasalyzed for Cd(Il) concentration using UV-Visible
Spectrophotometer. From experimental data, theicgiplity of Langmuir model was judged. Linear regsion
coefficient (R) and isotherm constant values (qm, b & Rere determined from the model.

Characterization of BMWAC

Scanning Electron Microscopy (SEM) Analysis

Fig.1 shows the SEM image of BMWAC which is obtained gsan accelerating voltage of 20 KV at x 1000
magnification. SEM micrograph clearly revealed thide variety of pores are presents on the surfdaectivated
carbon (BMWAC) accompanied with fibrous structuitecan also be noticed that there are holes andscéype
opening on the surface of the adsorbent, which evbalve created greater surface area availablelmrpation.

FTIR Studies

FTIR spectrum of BMWAC has shown in Fig.2. The peak3838crit indicates N-H stretching. The band at
3628cmt indicates the presence of dissociated or associabeti on the adsorbent surface. The band at 2343cm
shows more strongly hydrogen bonded —OH group. Wiéwk peaks appeared in the range 1450 @580 crit
indicate the presence of C=C bond stretching ar@ $tretching. The weak peaks noticed in the rartfe®'to
700cm® shows presence of carbon- bromine stretchingkiyl Ahlide.
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Fig. 1 SEM of BMWAC Wavenumoer cm-1

Fig.2 FTIR spectrum of BMWAC
RESULTSAND DISCUSSION

Effect of pH on adsorption

Effect of pH on Cd(ll) adsorption using BMWAC as an adsott has been studied in the pH range 1to10 and
presented in Fig.3. It is seen that solution pH/gla very important role in the adsorption of Cd(Tlhe percentage
removal increases steadily from 64 to 92% when phhéreased from 1 to 5.5 in Cd(ll) adsorption atwivly
decreases on further increases in pH.
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Fig. 3 Effect of pH on Cd(II} removal by BAIWAC Fig.4 Effect of contact time on Cd{Il) removal by BMWAC

Effect of contact time on adsorption

Adsorption experiments were conducted as a funaiforontact time and results have shown in Figle Tate of
Cd(Il) binding with adsorbent was greater in thiéiah stages then gradually increases and remdinsst constant,
after optimum period of 140 min.

Effect of adsorbent doses

The effect of adsorbent (BMWAC) doses on percemaeal of Cd(ll) in the range 1 to 10gm is represdnin
Fig.5. The initial Cd(ll) concentration was takenlie 30ppm. However after certain adsorbent dosedbmes
constant and it is treated as an optimum adsodms#, which is found to be 8 gm/lit. for the BMW/AaGsorbent.

Effect of the Initial concentration of Cd(l1) solution

The Experimental studies were carried with varyimigjal concentration of Cd(Il) ranging from 10 &0 ppm
using 8 gm/lit.of adsorbent dose. The results s&naavn in Fig. 6. The results demonstrate thatfateal adsorbent
dose the percentage of Cd(ll) removal decreasésimiteasing concentration of adsorbate.
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Fig 5 Effect of adsorbent doses on CA{IT) adsorption Fig 6-Effect of initial concentration on Cd(IT) adsorption

Adsor ption I sotherm

The isotherm data have been linearized using Lamgequation and is plotted between Ce/qe versusT@e.
Langmuir constant ‘gm’ which is measure of the mlayer adsorption capacity of BMWAC is obtained 4s73.
The Langmuir constant ‘b’ which denotes adsorptmergy is found to be 0.054. The high value (0.99%#3
regression correlation coefficient YRindicates good agreement between the experimeataks and isotherm
parameters and also confirms the monolayer adsorpti Cd(Il) onto BMWAC. The dimensional parameter’
which is a measure of adsorption favorability isirfd to be 0.3808 (0<,R 1) which confirms the favorable
adsorption process for Cd(Il) on BMWAC adsorbent.

CONCLUSION

i) Activated carbon has been obtained successfintlyn Butea monosperma wood which is abbreviated as
BMWAC.

ii) The activated carbon under investigation hasnbeharacterized by FTIR and SEM studies.

iii) BMWAC has been found to be most effective @d(Il) removal. At pH 5.5, 92 % of Cd(ll) was rensal/from
aqueous solution and adsorption was found to bdgpéndent.
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iv) The increase in percent removal capacity waseoked to be increased with increase in adsorbesgsdand
contact time. Maximum Cd (II) removal was foundo® 92 % for 8.0 gm/lit. of BMWAC dose(optimum adsent
dose) and at 140 min.(optimum contact time).

v) The newly obtained activated carbon i.e. BMWA@Ier present investigation can be successfully eyegl for
Cd(ll) abatement from contaminated water and tlashe used for water/wastewater treatment in pofiutontrol.

Scope for further work
The BMWAC can be tested for its practical appliigbitowards removal of other pollutants inclusieé toxic
metals, pesticides/insecticides and organic comants.
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