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ABSTRACT

Studies on the removal of lead (I1) ions by adsorption onto acid activated
coconut fibres and walnut shells have been carried out. Effect of various
parameterslike pH, contact time, adsorbent dosage, agitation speed shows
76.1% and 72.6% Pb (11) removal at 2-5, 120 minutes, 8g, 160rpm by coconut
and walnut activated carbon (CAC & WAC) respectively. Percentage re-
moval of lead (1) ionsincreased with theincreasein initial concentration.
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Adsorption data were modeled with Freundlich and Langmuir isotherms,
first order kinetic equation proposed by Lagergren. Both the isotherms
were found to be applicable except Lagergren first order kinetic equation.
Adsorption capacity of CAC isfound to be more as compared to WAC.
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INTRODUCTION

Leadisatypicd toxic heavy metd with cumulative
and non degradative characteristics. Themost common
causeof lead poisoningisdust and chipsfromold paint!®.
Human activitieslike use of leaded gasoline, fuel com-
bustion, industrial processes and solid waste combus-
tion, also contributeto lead accumulation’. At present
thereisan urgent need to devel op new cheaper indig-
enoudy prepared activated carbonsfrom these wastes.
Several attempts have been madeto prepare carbons
from unconventiond raw materidslike saw dust, bam-
boo dust, cow dung, rice husk, wastetealeaves, wood
charcoa and ricehullsby activationwith chemicalsat
different temperatures®. Thereported resultsrevealed
that activated carbons prepared from coconut fibres

(CAC) andwanut shells(WAC) exhibit ahigh adsorp-
tion cgpecity, obeyed Freundlich and Langmuir isotherms
athough not favourablefor first order kinetic equations.
The present research work isan attempt to prepare ac-
tivated carbon to study the suitability of low cost sor-
bentsfor theremova of lead (11) ionsby determining the
effect of variousprocessparameterslikeinitiad concen-
tration, contact time, adsorbent dose, pH and to mode!
theadsorption datawith variousisothermsandfirst or-
der kineticeguations. .

MATERIALSAND METHODS

Batch kinetic studies

The procured biosorbentsweredried in ambient
temperature and then ground and screened through a
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st of Seves. Boththesieved materiadl swere soaked in
known concentration of formal dehyde and sul phuric
acid mixture. After thistreatment, thesearewashed with
distilled water and acetone. Thismixtureisthendriedin
oven at 50°C for 2-3hrs. The mixturewas soaked in
1% sodium carbonate overnight to removeresdud acid.
Next day, it waswashed with distilled water and dried
at 105°C for 24 hours. This produced auniform mate-
rial for the complete set of sorption testswhichwere
goredinanair tight plastic container for further investi-
gations.

The amount of adsorption at timet, gt (mg g?),
wascalculated by:

(Co-C)V
t = Y, @

Where, C_and C, (mg ) aretheliquid-phase concen-
trationsof lead at initial and any timet, respectively. V
isthevolumeof solution (litre) and W isthemassof dry
adsorbent used (g). Adsorption dataobtai ned from the
effect of initial concentration, contact timewereem-
ployed intesting the gpplicability of isothermsand ki-
netic equationsrespectively.

RESULTSAND DISCUSSION

Thekineticsof adsorption of lead (I1) ionsby CAC
and WA C has been studied by testing the applicability
of variousfirst order kinetic equationsproposed*9. The
rate constant of adsorption is determined from the
pseudo first-order equation®:

In(ge-qt)=Inge-kt 2

where, ¢_and g, arethe amounts of lead adsorbed (mg
g?) at equilibrium and at timet (min), respectively as
showninTABLE 1 and K isthefirst order rate con-
stant for adsorption of lead (I1) ions (h™). Vauesof K|
were calculated fromtheplotsof In (g, -q) versust for
CAC and WA C and found to be 0.003 and 0.002 re-
spectively (Figurel, Figure2). Applicability of Pseudo
first order kineticswasverified through theva ue of co-
efficient of determination, r20.698 (CAC) and
0.683(WAC)". Theexperimenta valueof gei.e. 0.60
for CAC and 0.40 for WAC do not agree with the
calculated values 3.70 and 3.59 for CAC and WAC
respectively (TABLE 1). Thisshowsthat the adsorp-
tion of lead onto activated carbonsproduced from both
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the adsorbentsisnot applicableto first-order kinetics.
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Figure 1: Langergren adsor ption isotherm for lead re-
moval by CAC (Cocosnucifera)
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Figure 2 : Langergren adsor ption isotherm for lead re-
moval by WAC (Juglansregia)

Adsorptionisothermsfor Pb (11) removal treasted
with CACand WAC

Thelogarithmicform of Freundlichmodd isgiven
by thefollowing equation:
logg,=logK_+(1/n)logC,_ (3)
Linear plot of log Cevslog ge showsthat the adsorp-
tion of metal ions onto CAC and WAC follows the
Freundlichisothermmode (Figure3, Figure4). Itaso
indicatesthat the average energy adsorption decreases
with theincreasing adsorption density. The val ues of
K and nwere cal culated from theintercept and slope
asgivenin(TABLE 1). Thevauesof 1/n between 1
and 10 represent good adsorption of the adsorbate onto
the adsorbent. It wasfound that value of /nfor CAC
is0.5indicating normal Freundlichisothermand 1 for
WA C depicting cooperativeadsorption. Theplot of log
q, versuslogC, givessraght lineswithsope*1/n’ which
showsthat the adsorption of lead followsthe Freundlich
isotherm.
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Figure3: Linear form of Freundlich adsor ption isotherm
for CAC (Cocosnucifera)
Thelinear form of Langmuir’sisothermmodel isgiven
by thefollowing equation:

C/q.=1Qb+(1Q)C, (4)
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Figure4: Linear form of Freundlich adsor ptionisotherm
for WAC (Juglansregia)

TheLangmuir constantswereca culated from theseiso-
therms(TABLE 1). Theessentid characteristicsof the
Langmuir isotherm can be expressed in termsof adi-
mensionlessequilibrium parameter (R )®9. defined by:
R, =1/ (1+bC) (5)
Thevaueof R indicatesthetypeof theisothermto be
either unfavorable(R > 1), linear (R =1), favorable
(O<R <1)orirreversible(R =0).
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Figure5: Linear form of Langmuir-1 adsor ption isotherm
for CAC (Cocosnucifera)
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Figure6: Linear form of Langmuir-2 adsor ption isotherm
for CAC (Cocosnucifera)
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Figure7: Linear form of Langmuir- 1 adsor ptionisotherm
for WAC (Juglansregia)

CONCLUSIONS

Theobserved linear relationshipsarestatistically

Figure8: Linear form of Langmuir- 2 adsor ption isotherm
for WAC (Juglansregia)

TABLE 1: Isotherm parameters obtained using linear
method of L angmuir adsor ption

I sotherms Parameters CAC WAC
Freundlich 1/n 0.5 1.0
Ke 2.2 2.1
r? 0.992 0.985
Langmuir- 1 Om (MQ/Q) 2.22 5.0
Ka(dm¥mg) 0.009 0.028
R 0.217 0.454
r? 0.925 0.892
Langmuir- 2 Om (MQ/Q) -3.33 -2.5
Ka(dm¥mg) -0.0060  -0.008
R -0.714  -0.454
r? 0.941 0.921

significant as evidenced from correl ation coefficient
() closeto unity whichindicates applicability of these
two adsorption isotherms and the monol ayer cover-
age of lead species on the carbon surface. The
monolayer adsorption capacity, ¢ valueindicates
that WAC is a better adsorbent for lead (I1) ions.
The coefficient of determination r>was used to test
the best fitting isotherm to the experimental data.
Thevaluesof g, k, R andr?arecalculated from
Linear plots of Langmuir isotherm (TABLE 1).
Freundlich isotherm seemsto be more favourable
as compared to Langmuir isotherm. Langmuir 1is
more favourable asthe coefficient of determination
r’ismorecloseto unity. TheR valuesfor theLinear
formsof Langmuir isothermsfor Langmuir-1 comes
out to bein therange of 0< R <1 confirming that
CACand WAC arefavouraefor Langmuir adsorp-
tion of Lead (1) removal
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