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ABSTRACT

The adsorption of Pb(ll) from aqueous solution ®sullay as an adsorbent was determined. The aitihheo$tudy
was the utilization of Nsu clay as a cheap altereatadsorbent for the removal of Pb(ll) ions frondustrial
wastewaters, this is to help reduce the high cosblived in using traditional methods to treat edfits. The
experiment was performed using batch technique bakeh adsorption study was carried out as a fuorctf initial
solution pH, contact time and initial Pb(ll) condeation. An increase in adsorption with increase pal was
obtained. The adsorption process was found to lpéras equilibrium was attained within 50 minut&be result
showed an increase in adsorption capacity with éase in Pb(ll) concentration, although the actuatgentage
removal showed a decrease with increase in conatotr. Among the three isotherms tested, the Laigmu
isotherm gave the best fit with regressiofy&lue of (0.969) followed by the Freundlich isathe(0.948) and then
the Dubinin-Radushkevich, (0.945). Although théhisoms studied were each appropriate in the desion of the
adsorption data. The constant b obtained from thegmuir isotherm indicated a high affinity of Ndaycfor Pb(ll)
ions. The value of the apparent energy of adsompti, (100 kJ/mol) showed that the process is maarticle
diffusion controlled. These results suggested gpieability of Nsu clay as a low-cost adsorbentRb(Il) removal
from aqueous solution.
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INTRODUCTION

The growth of Industries in Nigeria and most depélg Nations has increased enormously industritilerits
which are highly contaminated with various heavytat®e The heavy metals are present in effluents fdifferent
industries such as ceramics, tanneries, mining,almglating, paints, catalyst, alloy, galvanizingrir wire
conducting, pigments, dyes and wood preservatibrH&avy metals have been found to be hazardohedtih and
environment and noted to be toxic even at low cotraéions. Lead is one of the most toxic and canltén kidney,
reproductive system, liver and brain damages in &hsnlLead poisoning causes a range of health dffect
behavioural problems and learning disabilitiesséures and death. Due to these problems sciengstthe world
have made use of different techniques for the reino¥ Lead and other heavy metals from effluentsese
techniques include ion exchange, precipitationers® osmosis, solvent extraction and activatedocaablsorption.
However, these techniques are expensive, reqaineett personnel and are usually ineffective espgcidnen the
metal concentration in solution is in the rangeOlrig/l. As a result, present day researchers harked on and
are still researching on the use of cheap matesiath as agricultural waste biomass, soil and fdagdsorption of
Pb(Il) and other metal ions from solution [2-15]s&dption on these materials have been found tdfbetive.

In the Eastern part of Nigeria, there is a largailability of clay materials which are cheap andilaaccessible
and thus can be used as cheaper alternatives fui temoval. This paper reports the application et Mlay



Etukudoh A.B et al Der Pharma Chemica, 2016, 8 (13):9-15

obtained from Okigwe Zone, Imo State Nigeria ah@ap adsorbent for Pb(Il) removal. The effect of pbhtact
time and initial metal ion concentration were imgeted. Langmuir, Freundlich and Dubinin-Radusli&ev
equilibrium isotherm models were applied to theezkpental data.

MATERIALSAND METHODS

Adsorbent Preparation and Characterization

Nsu clay was obtained from Okigwe Zone, Imo Sthligeria. The clay was soaked in excess distilletewm a
pre-treated plastic container, stirred to ensuiiéomn dissolution and then filtered in order to giet of unwanted
particles. The filtrate was allowed to settle f@h#s after which excess water was decanted off. dag was
sundried for several days to get rid of water malles, then oven dried at 15 for 2hrs. The dried clay was then
crushed and passed through a mesh sieve of sizari@fd kept until use.

The chemical composition of Nsu clay was determibgdlassical method with the use of the Atomic édpsion
spectrophotometer (AAS) (Buck Scientific Model 2XBR). The specific surface area (SSA) of the clag wa
determined by the methylene blue adsorption teshadedescribed elsewhere [11]. The pH point of zgrarge
was obtained by the method described previously [11

Adsor bate preparation

De-ionized water was used for preparing and ditutdd all solutions, analytical grade of Pb(jowas used. 6
different standard solutions of Pb(ll) with diffeteconcentrations ranging from 2 — 12 mg/l wereppred by
dissolving appropriate amounts of Pb()0On water. The pH of each solution was adjustethéorequired value by
the drop wise addition of 0.1M HNr 0.1M NaOH when required by the use of a pH meteeach adsorption
study freshly prepared solution was used.

Adsor ption experiment

Batch adsorption method was used by contacting f28lsu clay with 20ml of a given solution, at a room
temperature of 2C, the mixture was agitated and left for a giventaot time. At the end of the given time, the
solution was filtered and the filtrate was analyZedthe concentration of Pb(Il) remaining using tAAS. The
experiment was repeated and the mean value cadul@he amount of Pb(Il) adsorbed and the pergermamoval
was calculated from equation (1) and (2) respelgtive

0e = V[Co-Cd/m (1)
%R =100[(G-C¢)/Co] (2)

Where g. (mg/L) is the equilibrium uptake capacity of thiay C, (mg/L) andC, (mg/L) are the initial and
equilibrium concentration of Ph(ll) respectively(L) is the volume of adsorbate ant(g) is the mass of Nsu clay
used.

RESULTSAND DISCUSSION

Characterization of Nsu Clay

The result for the chemical characterization of Mgty is shown in Table 1. It is seen that siliod &lumina make
up a large composition of the clay. Other elemantéspresent in minute quantities. It is expected tkead (1) ions
in solution should be removed mainly by the sikical alumina groups on the clay surface.

TABLE 1: Chemical Characterization of Nsu Clay [8]

Composition % by Weight
SO, 46.25
AlO3 38.41
CaO 0.87
Fe0s 0.71

MgO 0.39

LOI 13.37
SSA (m?g) =21.53

pHpzc = 4.2

Influence of initial Solution pH on sorption

The effect of initial solution pH is an importargictor to be determined because it affects the 8ibyubf metal
ions, concentration of counter ions on the actitesof the adsorbent and the degree of ionisatfdhe adsorbate
during reaction [16]. Fig.1 depicts the effectptd on the adsorption of Lead (II) ions by Nsu claye result
showed that with increase in pH of the solutiomfra to 8 there was a corresponding increase iratheunt of
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cadmium (1) ions adsorbed. As, expected, the auigor of lead ions decreased with decrease in pthlse the

aluminol and silanol groups are more protonated latte are less available to retain the lead id@E Burface

complexation reactions are affected by the elettgsattraction between the surface charge andigsslved ions,

since lead have a large ionic radius (ARdt has a low charge density and is thereforeciéd by the protonation
of the surface groups on the clay. Also, accordin@admus et al [16] as the solution pH increaties,onset of
metal hydrolysis and precipitation begins at pHueal greater than 6. Although maximum uptake wagwaet at

pH 8.0, sorption experiments were conducted at fHir6 order to avoid metal precipitation at higlpét values.

Similar results have been reported [ 11,12,17].
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Fig.1: Effect of pH on the Adsorption of Lead (I1) ionsunto Nsu clay ( Conc, 12mg/l, time, 2hrs, temp, 300K)

Effect of Contact Time

The effect of contact time on adsorption was deitgechin order to establish the rate at which adsamgakes place
and the equilibrium time. The result on the effettontact time on the sorption of lead (ll) iong Msu clay is

shown in Fig.2. The result showed a rapid incréasgdsorption at the initial stage up to 50minuaéter which

there was no significant increase in the rate gbgation. This indicated that equilibrium was eBtdied within 50

minutes and the adsorption process is a rapid Bhe.fast uptake at the initial stages is due toptesence of
abundant active sites for sorption, but as timgmsses the active sites became used up and sdtlgatling to the
insignificant adsorption noticed with time. Sorptiexperiments were performed at a contact timehof Bence we
ensured equilibrium attainment. Similar finding the use of clay for the adsorption of heavy melege been
reported [9, 18].
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Fig.2: Effect of contact time on the adsor ption of Lead (I1) ions unto Nsu clay (pH, 6.0, conc, 12mg/l, temp, 300K)
Effect of initial Pb(ll) ion concentration
The initial metal ion concentration of an adsorlads been found to be an important factor in adsorstudies.

The initial metal ion concentration determinesahmunt of metal ions adsorbed by the adsorbeihieiptesence of
available binding sites. The effect of initial Ab{bn on adsorption on Nsu clay was performed epmatact time of
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2hrs to ensure equilibrium was attained, the résuhown in Fig.3. As seen, an increase in adsorgapacity with
increase in concentration was obtained, this i@ated for as due to higher availability for metahs for

sorption.[19]. As the concentration increases tlie@n increase in the collision between Pb(ll)siand the active
sites on the clay, this is a major factor in kiogtior increase in the rate of chemical reactidsoAt is obvious that
for higher initial concentration more efficientligation of active sites is expected due to a gnedtiving force by a
higher concentration gradient. However, a decréagbe percentage of Pb(Il) on Nsu clay removed s&en in
Fig.4, this can be explained that at lower coneginins more active sites are available for sorptlut as the
concentration increased the sites became occupigtkha decrease in the percentage removed.
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Fig.3: Effect of initial Lead (I1) ion Concentration on the adsor ption capacity of Nsu clay ( pH 6.0, time, 2hrs, temp, 300K)
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Fig.4: Effect of Initial Lead (I1) ion Concentration on Its Percentage removal by Nsu clay (pH 6.0, time, 2hrs, temp, 300K)

Table 2: Langmuir, Freundlich and Dubinin-Radushkevich | sotherm Parameters

L angmuir isotherm Freundlich Isotherm Dubinin-Radushkevich isotherm
gn b R? n 1n Kf R? gD BD (mol?/kJ? E(KJ/mol) R?
0.066 1.19 0.969 3.044 0.329 0.03348 0.051 0.00005 100 0.912

Equilibrium I sotherms

Equilibrium adsorption isotherms are generally usedescribe the relationship between the amoumetal ion
adsorbed and its equilibrium concentration in sofut Among different isotherms used to explain tfzure of
adsorption, the most common are the Freundlichlardymuir isotherms. These two isotherms and theirub
Radushkevich isotherm were applied in this studye Botherms were gotten from the data obtaineith@reffect of
initial Pb(ll) ion concentration on sorption. Thasetherms even though do not explain the mechaoissorption,
they are useful for comparing results on a quaitéaasis and have easily interpretable constahish provides
information on the adsorption ability of a material
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Langmuir Isotherm

The Langmuir isotherm is applied to a monolayepson onto a surface containing a finite numberdentical
binding sites on the adsorbent [20]. It is useddttmate the maximum adsorption capacity as atreSagomplete
monolayer coverage. The linear form of the Langrnaatherm model is given in equation (3).

Cdde= GO+ 1/gn  (3)
Where b is a constant related to the affinity befwthe sorbate and the sorbent and gm is the maxiagsorption
capacity under the given condition. The Langmuitherm plot for the sorption of Pb(ll) ion on Ndayis shown
in Fig.5 and the isotherm parameters are givenabld 2. The value of the linear regression coeffiti(F)
obtained showed that this isotherm gave a godd fite adsorption data. The value of b shows tfiritgfbetween
the adsorbent and adsorbate, a low value of b ateica high affinity of the adsorbent for the abate in the

adsorption process [21]. The low value of b obtdiirethis experiment suggested that Nsu clay haigla affinity
for Lead ions.

120
100
80

60

Ce/qe

40

20

0 1 2 3 4 5 6 7

Ce (mg/l)
Fig.5: Langmuir |sotherm model on the sorption of Lead (I1) ionsunto Nsu Clay (pH 6.0, time 2hrs, temp 300K)

Freundlich I sotherm

The Freundlich isotherm unlike the Langmuir isotheassumes that the removal of metal ions occurs on
heterogeneous adsorbent surface and can be appligdiltilayer adsorption of metal ions [22]. Thsotherm
usually gives an appropriate description of experntal data over a restricted range of concentrafitwe linear
form of the Freundlich isotherm is given in equat{d)

Inge = [1/N]INC + Ink 4)

wheren is an empirical parameter related to the adsamgtitensity and is a constant related to the adsorption
capacity (mg/g). The Freundlich isotherm for thesagtion of Pb(ll) on Nsu clay is shown in Fig.6dathe
isotherm parameters are given in Table 2. TheaRie obtained clearly suggest the applicabilityhié isotherm to
the adsorption process. When the value of n istgreban unity it indicates a favourable adsorpf@3]. The value

of n obtained in this study is greater than unitiyich indicates that the adsorption of Pb(ll) on Ndtay is a
favourable adsorption. Also, when the value of i&/hess than unity it indicates that significansaigpbtion takes
place at low concentration but becomes less samifi at higher concentrations. This value obtairedur
experiment is less than unity which accounts ferdecrease in percentage adsorbed with increasmgentration
observed in Fig.4.
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Fig.6: Freundlich Isotherm model on the sorption of Lead (1) ionsunto Nsu Clay (pH 6.0, time 2hrs, temp 300K)

Dubinin-Radushkevich | sotherm
The Dubinin-Radushkevich isotherm was applied is $tudy to deduce the apparent energy of adsorpEd24].
The linear form of the equation is given in equat{d) and the apparent energy of adsorption in timuéb).

Inge = Ingp — B [RTIN(1+1/C]*  (5)
E = 1/(2By)"? (6)

Where the constamjp (mg/g)represents the Dubinin-Radushkevich constant cbkatéhe adsorption capacity and
Bp (mof/F)is a constant related to the mean free energydsbrption per molecule of adsorbafe(K) and R
represents the temperature and ideal gas constpeatively. The Dubinin-Radushkevich isotherm gathown in
Fig.7 while the isotherm parameters are recordebaisle 2. The Rvalue obtained also showed that this isotherm
provided a good fit to the experimental data. fremtnore, if the magnitude of the Energy of adsorplies between

8 and 16kJ/mol the adsorption process is said tcabshemisorptions, if the value of E is below (kdm
physisorption dominates the adsorption mechanisth iafE> 16 kJ/mol the process is dominated by phati
diffusion [25]. The value of the apparent energwna$orption indicated that the adsorption of ld§ddns unto Nsu
clay is dominated by particle diffusion mechanism.
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Fig.7: Dubinin-Radushkevich Isotherm model on the sorption of Lead (I1) ionsunto Nsu Clay (pH 6.0, time 2hrs, temp 300K)
CONCLUSION

The experimental results obtained showed that N@y can be used as a good and cheap adsorbenb(ty P
removal from effluents. The Langmuir, Freundliciddubinin-Radushkevich isotherm all gave a gooctdpson
of the adsorption process.
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