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ABSTRACT

In the present study, attempts have been madeddeak leaves (Tectona grandis) for the
preparation of activated carbon with a view to usdn the treatment of wastewater and
industrial effluent. The air-dried powders of tdakves are carbonized using sulphuric acid and
characterized by the methods suggested by the Bwkbdian Standards. It has been planned
to study about the nature of the surface of theodmt using Scanning Electron Microscope
and FTIR. A comparative study of the experimentd$ogbent material with commercial
activated carbon, lignite and some other activatadoons procured from waste materials has
revealed that the experimental adsorbent matesadonomically feasible and easily available
one. In the present investigation, the activatexboa prepared from Teak Leaves (TLAC), has
been used as the adsorbent and carried out bataeragperiments to study the effect of contact
time on the removal of lead with the variation bé tdose of the adsorbent. Models such as
Lagergren, Bhattacharya-Venkobachar, Langmuir amdufRdlich were tested and the results
are interpreted.
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INTRODUCTION

The present investigation describes the preparafi@ctivated carbon (TLAC) from teak leaves
and its characterization. The study is aimed ateimove Pb(ll)ions from wastewaters by

adsorption technique using TLAC as the adsorbeatciBmode experiments were conducted to
determine the effect of contact time on variousedo®f the adsorbent. Kinetics of the
experiments was arrived at by employing Lagergihattacharya-Venkobachar equations.
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Langmuir and Freundlich adsorption isotherms wése amployed to determine the adsorption
capacity of the adsorbent for the removal of Ph¢ihs.

MATERIALSAND METHODS

Adsor bent

Preparation: The teak leaves were collected which are then a@ddto remove maximum
moisture content. Initially the crushed teak leavesye impregnated with 430, for 24 h,
separated, washed with distilled water and thent kep muffle furnace at 110 °C for drying.
Then it is carbonized at 400 °C and activated & @5 for a period of 30 minThe activated
carbon thus obtained (Here affelt AC) was ground well, sieved and the adsorbent okibe
75-125 pum has been used for the present study.

Characterization: IR spectrum of TLAC was recorded (Thermo NicolegxNs 670) in the range
of 4000 — 450 cr with a resolution of 4 cth SEM images of the surface of the TLAC were
obtained using LEO 1445 VP Scanning microscope. giesico-chemical characterization of
TLAC, such as moisture content, ash content, matieible in water, matter soluble in acid, pH,
apparent density have been determined by the methodgested by the Bureau of Indian
Standards [1]. The surface area and pore speaficne were determined by BET method.

Batch Studies

About 200 mg of the adsorbent was accurately weiginal transferred in to a stopperred bottle.
50 ml of the experimental lead solution (~500 mg Avas pippetted out in to the stopperred
bottle containing the adsorbent. It was then ke mechanical shaker and agitated for 30 min.
It was taken out from the shaker and filtered tigfoan ordinary filter paper. The filtrate was
analyzed for residual lead concentration. From tihis amount of lead adsorbed was calculated.
Similarly a number of sets of experiments were cmited for 60, 90,120,150,180 and 210 min
to find out the equilibrium time for the adsorption lead on to the surface of the selected
adsorbent. Batch mode adsorption experiments wemducted to study the effect of contact
time on the removal of lead with the variation otd of the adsorbent.

RESULTSAND DISCUSSION

Table.1 presents the comparative values [2-4] afatteristics of commercial activated carbon
(CAC) with TLAC. It is found from table.1 that thrilk density values for TLAC (0.39 g /cc) is
comparable with that of CAC. The other physicoclmincharacteristics like ash content, matter
soluble in water and acid are also comparable thitse of CAC. The pH value suggested that
the carbon chosen may be considered to have thaateastics of CAC.
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Table.l-Characteristics Of TLAC

S.No. | Charecteristics CAC | TLAC
1 Bulk Density, g/cc 0.68| 0.39
2 Moisture Content, % 12.570.86

3 Ash Content, % 291 2.24
4 Matter Soluble in Water, %1.55 | 1.85
5 Matter Soluble in Acid, %| 4.58 4.79
6 pH 9.2 6.7

7 Surface Area, fifig 296 | 234

The figure 1 shows the SEM Photographs of the saleadsorbent at different magnifications
100, 500 and 1000.

Fig.1 SEM imagesof TLAC at 100 (a), 500 (b) and 1000 (c) magnifications

Though TLAC has a low surface area and porositigag a wide pore size distribution giving a
wide distribution of surface area [5] as can benskeem figure a, b and c. The size analysis
shows the dominance of micro pores with the poréase area being 13.1247thg. The BJH
pore area is found to be 6.5447 fm The BET average pore size is 4.7233/m, and the BJH
average pore size is 107.6.ASEM images of TLAC shows that the adsorbent hasugh
surface with almost non-compact structure. It iwviobs that the sorbent has considerable
number of pore spaces, where appropriate conditxs for Pb(ll) ions to be trapped and
adsorbed into these pores. The SEM photos alsirdlie that the metals can be homogeneously
adsorbed on the surface of adsorbent. It is resemtan the SEM figures that the surface of
TLAC is found to be not so random but rough in saclway to adhere the solute species on to
the surface of the adsorbent. Therefore the adserpharacteristics of teak leaves are expected
to be highly effective.

Analysis of the IR spectrum has been used to ezl complete surface characteristics of the
adsorbent (Fig.2).
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Fig.2. IR spectrum of TLAC

The band at 3420.20 ¢his due to the stretching of O-H group. The band%#4.21 crit and
2853.96 crit indicates the position of asymmetrical and symiwatrstretching of methylene
groups in the aliphatic and cyclic hydrocarbonse Tdands in region between 2363.18 and
2131.53 critshows the presence of carboxylate ion. The bartba?.27 crit represents the
aromatic ring vibration assigned to aromatic cagh@nd carbonyl motion in carboxylic acid
with intermolecular hydrogen bonding. The band 562188 critis assigned to C=C stretching
vibration of cycloalkenes. The (S=0) symmetrictstneng frequency of organic sulphates occurs
in the region of 1415.61 ¢ The band at 1112.31 ¢hshows the alcoholic C-O stretching
vibration. The bands between 777.93 and 619.76" dikely results from N@ bending
vibrations. The band at 514.42 ¢mepresents the S-S stretching vibration of disulehiThe C-

C bending vibrations of normal alkenes occur inrégion of 474.38 cth Thus the IR results
have confirmed the presence of functional grouphsaas OH", COO", CO, NQ S, on the
surface of TLAC that could be the potential adsompsites for interaction with the Pb(ll) ions

[6].

It has been reported [7] that pH of wastewatersgyaificant controlling factor in the adsorption
process. Literature survey [8,9] has revealedtti&PDb(Il) ions were adsorbed only at less acidic
medium (i.e.) at the pH range of 4-5. Hence, expenits were conducted using a lead nitrate
solution of concentration around 500 mg/L with tité of 5.0 at different doses viz., 2.0, 4.0,
6.0, 8.0, 10.0 g/L. The percent removal of Pb(H)l ahe corresponding doses are given in table
2.

During the process of adsorption, the rate of reahof PE" ions increases with increasing time,
up to a certain period and thereafter the ratewioval of solute becomes constant. At one stage,
it may even become insignificant and such a trerabserved in the plot of % of solute removed
against contact time (Fig. 3) in which the curvedraes asymptotic to the axis of contact time
after a certain period. Such a curve representdyrea equilibrium pattern.
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FIG.3-EFFECT OF CONTACT TIME ON LEAD REMOVAL-DOSE
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It is understood from the figure that the residoahcentration of Pb(ll) ions in the adsorbate
solution drops steeply in the first 180 min andntigeadually decreases to a constant value. The
initial steep drop of the residual concentratioPbf{ll) ions is due to the rapid removal of Pb(ll)
ions which occurs as a result of the presencergélaumber of active adsorption sites available
on the surface of the adsorbent, compared to thebau of adsorbate species in the solution.
Hence for all practical purposes, 210 min is prestito represent equilibrium time which means
that 210 min appears to be sufficient for the maximadsorption of Pb(ll) ions by the chosen
adsorbent, under a given set of experimental camdit The maximum amount of Pb(ll) ions
adsorbed corresponding to the equilibrium is fotmthe 32.6 % for a weight of 2.0 g/L of the
adsorbent. The curves in the figure (fig.4) areglginsmooth and continuous suggesting the
probability of formation of monolayer coverage di(P) species on to the outer surface of the
adsorbent. The nature of the curve indicates thakepof Pb(ll) ions per unit mass of adsorbent
increases with the increasing dose of the adsarbent

T able.2-Effect of contact time on lead removal

S.No. W adsorbent, % of Removal of Lead at timet in min

g/L 30 60 90 120 150 180 210
1 2 25.8 27.1 28.3 30.2 31.2 32.3 32.6
2 4 46.4 54.1 56.6 58.1 59.0 59.3 59.8
3 6 59.5 72.2 79.4 80.0 80.4 80.8 80.8
4 8 71.2 83.2 84.8 86.2 87.2 87.2 87.2
5 10 81.6 84.2 85.8 87.2 87.2 87.2 87.2

Table-2 presents the values of the amount of Pa@$orbed at the 80min as 25.8, 46.4,59.5,
71.2, 81.6 % , when the concentration of the adsurlis 2.0, 4.0, 6.0, 8.0 and 10.0 g/L
respectively, and at the 21@nin the corresponding Pb(ll) removal is 32.6, 58@.8, 87.2 and
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87.2 %. This shows that as the dose of the adsbibereases, the adsorption of lead also
increases. The minimum time required to achieve imam adsorption decreases with the

increase in the dose of the adsorbent which magttoibuted to the increase of the surface area.
In other words, the number of available activessiteay be more compared to the number of
adsorbate species.

The experimental data obtained for the adsorptiddbgll) on to the surface of TLAC under the
given set of conditions, were analyzed in the lighitLagergren model with the view to
evaluating the mechanistic parameters associatixctiea process of adsorption.

Lagergren equation [10] is

|wqe_q ) = - kl_agert /2.303 + |Og) qe ........ (1)

where, gis the amount of metal ions adsorbed at equilibrimg g*; q is the amount of metal ions adsorbed at
time,t, mg @ ; kiageriS the overall rate constant for the adsorptiorcess, dand tis time, s.

FIG.4-L AGERGREN PLOT-DOSE VARIATION
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Table.3-Effect of dose on K ager and Kgnart

S.No. | Adsorbent Dose, | k x 10% s?
ma/L
g kLager thatt
1 2 248 | 2.32
2 4 2.18| 2.09
3 6 2.12| 2.00
4 8 1.97| 1.95
5 10 1.97| 1.92

The Lagergren equation suggests linearity for to¢ @f log,, (0e--q) against time, t. The fig.4
represents the relation between,idge-q) and t under a given set of experimental coondsi
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From the slope of each line, the rate constants wetermined. The values aferobtained for
different doses of the adsorbents are present&dbte -3.

The results obtained in the light of Lagergren wéuether confirmed by Bhattacharya-
Venkobachar equation [11].

ladl-u®)] = -kenaxt / 2.303 ... )

where, u(t) is [ (6C) / (Co-Ceq)l; Kenaris the overall rate constant! s G, is the initial metal ion concentration,
mg/L ; G is the concentration of metal ion at time, t , mgifhd Gis the concentration of metal ion at
equilibrium, mg/L.

The values of k. Obtained by using different doses of the adsorbepH 5.0, are presented in
the Table-3. It is found that theds: values agree well with those of affer

These values reveal the trend of decreasing ratstaiot with the increase of the dose of the
adsorbent. Furthermore, the applicability of theacharya and Venkobachar equation
confirms the formation of a monomolecular layePtfIl) ions on to the surface of adsorbent, as
well as the first order kinetic nature of the prexe

Langmuir isotherm has been extensively used by naarttyors for the sorption of heavy metals
on clays, metal oxides, soils etc. The model assuwméorm energies of adsorption on to the
surface and no transmigration of adsorbate in th@epof the surface. The linear form of
Langmuir isotherm equation is:

1491 /0b+1/b8Ce ... 3)

where, q is the amount of metal ion adsorbed (mg / L), isCthe equilibrium concentration of the adsorkiates
(mg/L);80p & b are Langmuir constants related to adsorptapacity and energy of adsorption respectively.

When 1/qgis plotted against 1/C a straight line with the slope 1bdand intercept 85 is
obtained had shown that the adsorption of Phiy follows the Langmuir isotherm model. The
Langmuir parameter@ and b, are calculated from the slope and interokfite graphs and are
given in the table .4. These values are used damparison and correlation of the sorptive
properties of the adsorbent.

The adsorption data for Pb(ll) ions has also beatyaed using the logarithmic form of
Freundlich isotherm:

logg= logKe+ 1/nlogG ... 4)
where, qis the amount of metal ions adsorbed (mg/L} isGhe equilibrium concentration of the adsortsgiecies
(mg/L) ; Kr and n are Freundlich constants related to adsorpapacity and adsorption intensity respectively.

When log q is plotted against log & a straight line with slope 1/n and intercept kg is

obtained. This reflects the satisfaction of Freigidisotherm model for the adsorption of Pb(ll)
ions.
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The Freundlich parameters for the adsorption oflPiofs are given in table 4. The intercept of
the line, log Kk is roughly an indicator of the adsorption capaatyd the slope 1/n is an
indication of adsorption intensity [12].

Table.4-Effect of dose on langmuir and freundlich constants

S.No. | Adsorbent Dose, mg/L | 8o, mg/g | bx 10°,/L | 1/n | K¢
1 2 128.53 1.17 0.6P7.92
2 4 181.81 1.43 0.684.73
3 6 86.02 5.97 1.393.14
4 8 8.77 171 3.442.78
5 10 7.19 247.88 3.831.28
CONCLUSION

It is found from the characterisation study tha&t skelected adsorbent, TLAC, is expected to have
more adsorptive capacity, and hence it acts aga@bsadsorbent for the removal of Pb(ll) ions
from aqueous solution of lead nitrate. The adsampdata suggest that the pH of the solution is
the most important parameter in the control of et adsorption on to the TLAC. This study
has shown the ability of the adsorbent to adsortalniens only in less acidic medium. Hence
the batch mode studies were carried out at pH 5.0.

The equilibrium time 210 min appears to be suffitieor the maximum adsorption of Pb(ll)
species by TLAC, and under the given set of expamtal conditions, the maximum amount of
Pb(ll) adsorbed is found to be 32.6 %. The percemtoval of Pb(ll) from wastewaters
increases with the increasing dose of the adsorihamntthe minimum time required to achieve
maximum adsorption decreases with the increadeeaddse of the adsorbent.

The conclusions derived from the study of appliligbiof Lagergren, Bhattacharya-
Venkobachar, Langmuir and Freundlich isothermshopresent system revealed the first order
kinetic nature of the adsorptive process.

Detailed literature survey has revealed the apipility of only little work on record concerning
the use of TLAC as the adsorbent for the removdeadl. All the above informations revealed
that the chosen adsorbent namely TLAC, may be asexdsuitable adsorbent for the removal of
not only Pb(ll) ions but also any heavy metal itnasn wastewaters.
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