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Abstract:  Chemically activatedetarium microcarpum shell was used as an adsorbent to remove PHN{Ii]) and
Co (Il) ions from aqueous solution by batch adsorpttechnique. Batch adsorption experiments were
performed as a function of pH, contact time, ihitreetal ion concentrations and temperature. Thieluas
concentra tions were determined using Atomic Absorption $mgahotometer (AAS). The optimum pH
required for maximum adsorption was found to be :0Co (ll) ion, 6.0 for Pb (ll) and Ni (ll) ion
respectively. Equilibrium times of 60 minutes weaiteained for Ni (Il) and Co (ll) ions and 90 minutes
Pb (I) ions. The amount of metal ions adsorbedhgysubstrate increased with increase in initiaairien
concentration. The equilibrium data correlated weith Freundlich and Dubinin-Radushkevich (D-R)
adsorption model. The trend of adsorption isothevas Freundlich > Dubinin —Radushkevich (D-R) >
Langmuir adsorption isotherm. Adsorption kineticggadwere modeled using the pseudo-first and pseudo-
second order models. The results indicated thatdmssecond order model best described adsorptiosti&i
data. The thermodynamic parameters (standard Gipbs energy AG®), standard EnthalpyAH®) and
standard EntropyAS°)) showed that the adsorption process of the nietal was feasible, non-spontaneous,
endothermic and decreased randomness at the sadrbate interface. The biosorption study showed th
Detarium microcarpum shell could be a viable alternative to commeratlvated carbon in the removal of
potentially toxic elements from aqueous solution.

Keywords: Sorption, equilibrium, kineticfetarium microcarpum shell, lead, nickel, cobalt.

Introduction (Sahranavardt al., 2011), Banana leaf (Babarindeal.,
The rates at which potential toxic elements arengpei 2012), Coconut leaf (Babarindtal., 2012), Orange peel
discharged into the environment due to advancerment (Gonen and Serin, 2012).

technology have been on the increase. Toxic mptsded  The sorbent material considered in this work was
a major threat to the environment and public hedité to  Detarium microcarpum shell, otherwise called Sweet
their acute toxicity and bioaccumulation, not dattock, which is arainforest and savannah treopical
biodegradable in living organism, even at low Africa shrubby tree of 8-10m high, having twistedntk
concentration (Hannet al., 2010; Renugat al., 2010). Pb  and wide spreading crooked branches belonging ¢o th
(I, Ni (I and Co (Il) ions have high solubilitin the  subfamily Caesalpinicideae. It is widely distributed
aquatic environment and thus can be absorbed byliv geographically in tropical western Africa countriech as
organisms (Gonen & Serin, 2012), and if these metsd  Senegal, Sudan and Nigeria (Mann, 2003). It issdally
are ingested beyond permitted concentration, tleyse various names among the tribes in Nigeria. Foramst,
serious health disorder (Dadhanigh al., 2009). As a the Yorubas referred to it as Ogbogbo, the Nupdedci
result of this, increasing attention is therefoeeng paid  Gungorochi, while the Hausas and Igbos name it &aur
on the development of know-how for their dischairgfe and Ofo, respectively.Detarium microcarpum as an
water bodies and natural streams. agricultural product provides essential benefitbumans.

A number of technologies have been developed dwer t In spite of these benefits, large quantities of tste
years to remove toxic metals from waste water; sakh generated are disposed improperly. Disposal by ibgrn
reduction followed by electrochemical precipitation generate C@ that depletes the ozone layer, and other
chemical precipitation, chemical oxidation-redustialtra ~ forms of environmental pollution. These providegsiag
filtration, ion-exchange, reverse osmosis, solventneed of harnessing these low value wastes by ctnger
extraction, electro dialysis, electrochemical cdatjon, into a useful adsorbent that can remove toxic radtaim
evaporation, (Reginet al., 2008; Ahmadpouet al.,2009).  wastewater, thereby helpful in the search for ceeand
Most of these methods suffered much drawback due teco-friendly adsorbent materials in waste water
high capital and operational cost and generatiaesitiual remediation. This study therefore was conducted to
metal sludge after treatment (Demirlehsl., 2008; Gupta remove Pb (II), Ni (Il) and Co (ll) ions usinQetarium

et al., 2010). These disadvantages, together with tlee ne microcarpum shell from aqueous solution.

for more economical and effective methods of metal

recovery/removal from waste water, have resultéd iine ~ Materials and Methods

development of alternate separation technique ¢tudl® ~ Sample collection and preparation

biosorption. Biosorption process has distinct atages  Detarium microcarpum fruits were purchased from
over other conventional methods, which includedifferent locations at Maitunbi within Minna metmifs,
reusability of biomaterial, low operational costcal Niger state in Nigeria, during the month of Mar@912.
availability, technical feasibility and engineering The pericarps were removed and de-shelled, then the
applicability (Wannaet al., 2009). In recent years, many edible part and the shell was washed off, sun dibed
biosorbents of agricultural base have been utilifmd days, and then grounded to powder form with maatad
toxic metal removal; these include Pomelo peel (l¢ast pestle (Musalet al., 2016).

al., 2009), Duck weed (Dhabab, 2011), Alimond gredh hu
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Sample pretreatment

The powdered biomass was defatted by soaking in 50&ffect of temperature on adsorption

cnt of hexane for 15 hours after which it was washét w
distilled deionized water till the color of the visiisg water
was clear, later sun dried. The modification precess
done by adding 0.5M of oxalic acid so as to operthe

micropores of the adsorbent thereby making themdyrea

for sorption. This chemical activation was done f
hours and the mixture properly stirred. The adsurbes
then filtered and rinsed with deionized water. Tinsed
adsorbent was later air dried for 12 hours andrushed
using porcelain mortar and pestle to obtain a fiyeaticle

The effect of temperature on adsorption was studag
an initial concentration of 5 mg/L. The temperattaiage
was between 3C - 70C at interval of 10C using a water
bath. 0.5 g of the pretreated powered sample wdscdatb
50 cnt of aqueous solution in a 100 trheaker. The
desired temperature was adjusted on the waterdnatlthe
beaker containing the mixture was clamped on artreto
stand and was partly immersed in the heated watker

experimental conditions were noted such as pH and

contact time. The solution was stirred continuousling a

size, which was creened through 250 um mesh side arstirring rod after which it was filtered using a ¥man

store in airtight bottles (Musadt al., 2016).

Preparation of aqueous solution

Co(NG;).6H,0, NiCl,.6H,0 and Pb(NG), were supplied
by Sigma Aldrich and used without further purificat

Aqueous solution containing Co(ll), Ni(ll) and Ph(ibns

filter paper (0.45 um) and the residual concertratf the
metal ion in the filtrate was determined using &onac
absorption spectrophotometer (Perkin Elmer Anglgs}).

Determination of adsorbed metal contents

The percentage of metal removed by the adsorbeat wa

were prepared by dissolving 4.9 g, 4.03 g and 1.6 gomputed using the equation.

analytical grades of Co(NP6H,O, NiCl,.6H,O0 and
Pb(NQ;), respectively in 1000 cfdistilled de-ionized
water to give a concentration of 1000 ppm. 100 pyas
further prepared from 1000 ppm stock solution bsiase
dilution and were used for each experiment.

Sorption experiment
Effect of pH on adsorption
The effect of pH on adsorption was studied usingnéral

concentration of 5 mg/L; the pH range chosen fas th
experiment were pH 1 to 8. The pH of the soluticasw
adjusted using 0.1M HCI or 0.1M NaOH. 0.5 g of the

pretreated powdered sample was added to 50 @m
aqueous solution. The mixtures in the conical flaske
corked and shaken on a rotatory shaker for 2 hatnmgom
temperature, after which the mixtures were filtetsing
Whatman filter paper, then stored in a sample égqitlor
to analysis. The final concentration of the metal in the
solution was determined by atomic
spectrometer (Perkin Elmer Analyst 200).

Effect of contact time on adsorption

The effect of contact time was studied using atiaii
concentration of 5 mg/L. The time interval chosenthis
experiment were 30, 60, 90, 120, 150 and 180 mbBig0
of the pretreated powdered sample was mixed witbr50
of the prepared aqueous solution in a conical flasl
corked and the mixture shaken on a rotatory shakab0
rpm. At the end of each contact time period, thgtune
was filtered using Whatman filter paper and thedres
fraction was stored in sample bottles and refrigpergrior
to analysis. The residual concentration of the hietain

the filtrate was determined by atomic absorption

spectrometer (Perkin Elmer Analyst 200).

Effect of initial metal ion concentration
The effect of initial metal ion concentrations wstadied
using various concentrations of 20, 40, 60, 80, fA@@L.

0.5 g of the pretreated powered sample was addé&d to

cn® of aqueous solution in a conical flask. The resilt
solution with the adsorbent in the conical flaskrevevell

corked and shaken on a rotatory shaker for 60 dahd 9

minutes for each metal ion after which it was fiig using
a Whatman filter paper and the residual concentratif
the metal ion in the filtrate was determined usemy
atomic absorption spectrophotometer
Analyst 200).

absorption

(Perkin  Elme

Adsorption(E), % = % x 100

Where: C; and G is the initial and equilibrium
concentration of metal ion mg/l, E is the %
removal.Adsorption capacity was calculated by ughmgy
mass balance equation for the adsorbent

(Ci— Ce)V
Qe =————

w
Where Q. is the adsorption capacity (mg/g), V; is the
volume of metal ion solution W; is the weight ofeth
adsorbent (g)

Adsorption isotherm

In order to establish the equilibrium adsorptivédeéor of
the adsorbent, it is necessary to understand thatieq
state between the two phases that made up thepgidsor
system. Base on this, three kinds of several isothevere
tested to fit the equilibrium data (Sampranpibaral,
2014).

The Freunlich model is represented as:

Logge = %logCe +log Kf

The Langmuir equation:
2 - Ce + 1 b
qe qmax qmax

Dubinin- Radushkevich model:
InQe = InVm — ke?

Where:Qe represent the amount of metal ions removed in

mg/g

V'm is the D—R adsorption capacity (mg/dis the
constant related with adsorption energy (mdlF); ¢, the
Polanyi potential, the Polanyi potentia) €an be obtained
using the equation below:

1
=RTIn(1+4+ —
£ n(l+ Ce)

hence, D-R isotherm equation can be re-expressed as

1
LogQe = logVm — KR?T?log(1 + a)

Adsorption kinetic
Several
mechanism of adsorption process. In order to tige®
the adsorption kinetic of these metal ions on thell of
Detarium microcarpum, the Lagergren first order

r(Lagergren, 1989) and the pseudo second orderi¢gnet

models (Ho and Mckay, 1999) were employed.
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Lagergren pseudo-first order model which considbes

the rate of occupation of the biosorption sites is 100
proportional to the unoccupied sites (Ertugay anyh@a, 3 80 o
2008) S o { = b
The expression for the Lagergren pseudo-first ondedel g 40 -l
is (Farouq and Yousef, 2015): S 5 { =l N
Dqt £
W=K1 (gqe — qt) S 0 Co
On integration, linearized form of the equationlgained g 0 > 10

t I pH
Log(qe — qt) =logqe — klm
Where Fig. 1: Effect of pH on adsorption of Pb (ll), Ni (I)
k; is the Lagergren rate constant for adsorption (Hin and Co (ll) ions from aqueous solution byDetarium

Je is the amount of metal adsorbed at equilibrium/ghg microcarpumshell
¢ is the amount of metal adsorbed at (mg/g) at ang t.
The values of kand @ were determined from the slope

and intercept of the straight line gotten from ghet of t z 120
against log (g- @). 2 100
The data was likewise subjected to the pseudo-secor 2 .. g m.
order kinetic model. The equation for the pseudmséd €3 0 Pb
order model is £39

- o .
bat _ K2(qe — qt)? = o ‘0 NI
dt ) ) . 3< 20 Co
Integration and rearrangement gives the below émuat £ 0
£= ;+ L ES 0 50 100 150 200
qt  k2xqe?  qet . .
Where: k; is equilibrium rate constant of second order Contact time (minutes)
kinetics model (g/mg/min)
ge is the equilibrium capacity Fig. 2: Effect of variation of contact time on adsorptidn o
q is the biosorption capacity at any time t. Pb (1), Ni (I1) and Co (Il) ions from aqueous satut by

The values of kand g was determined from the slope and Detariummicrocarpum shell

intercept of the straight line obtained from thetf t
against t/g From Fig. 2, it was revealed that as the contave ti

Thermodynamics analysis increases from 30 to 180 minutes, the amount o&lne
The temperature effect on the biosorption of Nj, (o removed also increases, this trend was consistgnielen
(1) and Pb (lI) ions onto shell dbetarium microcarpum 30,60 and 90 minutes until equilibrium was attaia¢d0
helps in evaluating the change in free energ@’j,  minutes for Co (Il) and Ni (ll) ions, while that &fb(ll)
enthalpy AH") and entropy45°)_ The free energy change ion was at 90 min. Further increase above equilibriime

was estimated using the relation below as propbyede  resulted into desorption.
la Roséet al., (2008) and Sust al. (2008) From Fig. 3, it was also observed that as theainitietal

AG® = -RTInK, ion concentration increases, the mount of Pb RI)(Il)
T (k) denotes the absolute temperature; R is tre gaand Co(ll) ions adsorbed also increased in the
constant (KJ/mol). The equilibrium constantivas  orderCo(l)>Ni(ll)>Pb(ll) ion.
evaluated using the following relationshify = C.4 Ce From Fig. 4, it was revealed that as temperatweases,
Where: G and Gq are the equilibrium concentrations of amount of metal ions adsorbed also increases. nifiali
metal ions (mg/L) in solution and on biosorbent, temperature of 303K, Pb(ll) ions were the leasbauid,
respectively. Enthalpy and entropy were obtainsihgs ~ While Co(ll) ions were the most adsorbed, at 313KlIPb
Van't Hoff equation (Quet al., 2010; Uluozluet al., ions became the most adsorbed, at final temperatiire
2010). Having estimated the value A8°, graph ofAG® 343K Pb(ll) ions were the most adsorbed, while Go(ll
versus T(k) were plotted (Figure 20 — 22) anduhiees i0ns were the least adsorbed.
of AH®° and AS® which represent the slope and intercept

were obtained from the plots v=0.0217+ 97281 ¥=0.0799x+ 92.075
AG®= AH® - TAS 2 i woog
AH°represents the enthalpy change, T is the temperatur 3 /
. - £ =0. X+ 74.1

AS’is the change in entropy : — FR02E i

§ ¢ Pb
Results and Discussion 5 N
From Fig. 1, it was observed that Co (ll) ions hhd t E Co
maximum adsorption at pH of 5 which decreased laser s
the pH increased to 8. For Ni (Il) ions the higheshoval §
was at pH of 5 then a decrease as pH was increasgd H

Furthermore, Pb (ll) ion had maximum removal at @H
and then a decrease as the pH was increased.

initial metal ion concentrations (mg/50cm?)

Fig. 3: Effect of variation of initial metal ion concenti@ on
adsorption of Pb(ll), Ni(ll) and Co(ll) ion from agqous solution
by Detarium microcarpum shell
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Fig. 11: Freundlich adsorption isotherm plot of Ni(ll) ions by
the shell of Detarium microcarpum
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Fig. 16: Langmuir adsorption isotherm plot of Co (Il)
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Fig 20: Thermodynamic plot for the biosorption of Pb
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Fig. 21: Thermodynamic plot for the biosorption ofNi
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Fig. 22: Thermodynamic plot for the biosorption of
Co(ll)by the shell of Detarium microcarpum

Effect of solution pH on metal ion uptake

The pH of solution has a marked impact on the rezhoi
potentially toxic elements, because it affects sheface
charges of the adsorbent, the degree of ionizasfothe
functional groups and speciation of the adsortftevane

et al., 2010). Also, the level of dissociation of functédn
groups on the adsorbent surface, solubility of tietal
ions and concentration of the counter ions in souare
also affected by pH (Nomanbhay and Palanisamy, 2005
From Fig. 1, adsorption of the metal ion was mirisa
low pH (pH 1-3); which could be ascribed to hygkn
ions competing with metal ions for sorption sitds,s,
hindering the metal ions from reaching the bindiitgs of
the adsorbent caused by repulsive forces (Nuhogti a
Malkoc, 2009). This means that" kbns present favored
the preferential adsorption of hydrogen ion comgatie

the metal ion (Ajmakt al., 2000). This is similar to the
findings reported by Egilat al. (2011), Jimohet al.
(2012), Babarindeet al. (2012). In contrast, as pH
increases the ligands on the adsorbent were fufipsed,
more negatively charged surface becomes availdhis t
facilitating greater metal ion uptake. The incredse
percentage removal as pH increases implies that ion
exchange process was involved. As pH increasegket
7 and 8, the formation of anionic hydroxide compkxr
precipitate decreases the concentration of the Irats,
which peradventure reduces the rate of adsorpfiometal
ions sorbed (Stephen and Sulochana, 2004).

Effect of contact time on metal ion uptake

The result of the effect of contact time on adsompof Pb
(I, Ni (1) and Co (Il) ions from aqueous solutiois
shown in Fig. 2. It was observed that the percentaiy
metal ions removed betarium microcarpum increased
with increasing contact time. The percentage ofairiens
removed was rapid within 60 minutes for Co (Il) axd
(1) ion and 90 minutes for Pb (Il) ions. Additidna
increase in contact time resulted in a decreas¢hén
amount of ions adsorbed, this implies that the inipdites
on the adsorbent were exhausted and further shaking
resulted in desorption. Similar trend was obserfegdhe
biosorption of Pb (Il) ion (Babarinde and Babalola1@),
Co (Il) ion (Egilaet al., 2010), and Ni (ll) ion (Nuhoglu
and Malkoc, 2009). It is evident that the shelDatarium
microcarpum was more efficient and effective for the
removal of Pb (Il) ions than Ni (II) and Co (ll) isn
Although Co (Il) and Ni (II) ions reached equilibmiu
faster than Pb (Il), but the percentage of Phigh}s bound
at every given contact time was more than the péage
removed by Ni (Il) and Co (Il) ions. This is migh¢ blue
to the differences in hydrated ionic sizes of thetahion.
More so, this differential adsorption of metal iamuld be
explained in terms of difference in their ionic ifadhe
smaller the ionic radius, the greater its tendemay
hydrolyze, and of course this led to reduce somptithis
might be the reason why more of Pb (Il) ions were
adsorbed than Ni (II) and Co (Il) ion. This is damito the
previous findings by Haniét al. (2007) and Jimolet al.
(2011).

Effect of initial ion concentration

The variation in the amount of metal ion adsorbeth w
initial metal ion concentration is illustrated ilgF3. The
percentage removed increases with increase innitiel i
metal ion concentration which might be due to iaseein
effective collision between the metal ions and dctive
sites. The initial faster rate of the removal otleanetal
ion could be due to the presence of available sarfaea
on the adsorbent (Qadeer and Akhtar, 2005). Furtbe,
there was progressive increase in the columbicadnt®ns
between the cationic species in water and the hdsobr
sites, therefore, more adsorption sites were beivgred
as the metal ion concentration increased (Larabia.,
2005; Gonget al., 2006). The percentage removal
followed the order Co (II) >Ni (Il) >Pb (ll) ions. he
difference in the uptake levels of the metal ioasld also
be explained in terms of the difference in thedmize and
atomic weight of the metal ions, the mode of intéoams
between the metal ions and the substrate. Thig isdbe
same as reported by Egéaal. (2011) and comparable to
Babarindeet al. (2012). The percentage increase in the
metal ions removed by the substrate was enhanced as
result of the modification by 0.5M oxalic acid. Shivas
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because oxalic acid assists by donating proton twiric

Table 2: Pseudo-Second-order constant for the

turn made the biosorbent surface became positivelydsorption of Pb (Il), Ni (II) and Co (Il) ions by the

charged and resulted to electrostatic attractidre Aigher

shell of Detarium microcarpum

the electrostatic attraction, the higher the peamm of

metal ions sorbed.

Effect of temperature
Temperature has a profound effect on the sorptiongss.

Metal K, g/mg/miny Qc(mg/g) R®

Pb(ll) 1169 0.014 0.9934
Ni(ll) 21.43 0.144 0.9900
Co(ll) 4.00 1.032 0.9842

From Fig. 4, it was shown that as temperature asze,
the rate of diffusion of metal ions across the exkand
internal layers of the sorbent particle increasdss in
turn led to increase in percentage metal ions remhot
initial temperature of 303 K, Pb(ll) ions was theadt

Adsorption equilibrium

The adsorption equilibrium is established only whba
concentration of the sorbate in bulk solution iglymamic
balance with that on the liquid-sorbent interfadéne

adsorbed, followed by Ni (Il) while Co(ll) ions wdke  degree of the sorbent affinity for the sorbate wfeiees its
most adsorbed. Pb(Il) ions became the most adsaabed distribution between the solid and liquid phasese¢h
313 K and 343 K respectively and Co(ll) ions remdine and Ganesan, 2015; Qaisgtral., 2009). Several models
the least adsorbed. Again, the differences in lgdrionic ~ were often employed to interpret the equilibriuntadadn
sizes of the metal ion and ionic radii might bepmessible  this  present research, the Freundlich, Dubinin-
for the observed removal efficiency. This corrobbedathe ~ Radushkevich and Langmuir models were utilized to
findings of Madhaviet al. (2011) on the biosorptive explain the experimental data. Tables 3 and 5 sthay
removal of Cd*, PF" and Cd" from aqueous solution Freundlich and Dubinin-Radushkevich (D-R) isotherm
using Cassia augustifolia bark. It was also observed from fitted well for the biosorption of the metal ionkah
Fig. 4 that high temperature favour the biosorptain  Langmuir isotherm (Table 4). This is due to thet ftat
metal ions suggesting the endothermic nature of théhe correlation coefficient @ of both isotherm were high
process. This might occurred as consequence of thand showed good linearity than Langmuir isotheriat th
increase in the number of pores on the adsorbefaicguat ~ showed little correlation. Thus, the data of PP, (Ni (I1)
high temperature as high temperature reduces itlendss and Co (ll) ions adsorption onto the shell D&arium

of outer surface of the adsorbent and subsequentlgiicrocarpum might be concluded to perfectly fit to
increases kinetic energy of the adsorbate. Thisentad  Freundlich and Dubinin-Radushkevich (D-R) isotherm.
metal ions to be easily adsorbed by the sorbent. The isothermal biosorption parameters compare wighl
those of other biosorbent that was reported byefjiet

al., (2011).

Table 3: Freunlich model parameters associated with
the adsorption of Pb (ll), Ni () and Co (lIl) ions by
shell of Detarium microcarpum

Adsorption kinetics modeling

Adsorption efficiency is governed mainly by kinestudy
(Gonen and Serin, 2012) and was developed to extiai
transport of metals onto various adsorbents. Skwdra

models are needed to establish the adsorption mischa Metal ion N Kewg R?
For this study, pseudo- first order and the psesetmnd Pb(Il) 3.37 7.69 0.96
order kinetics models were employed to describe ti Ni(ll) 0.93 5.75 0.97
adsorption kinetic of these metal ions onto shdll ¢ Co(Il) 0.14 1.48 0.99

Detarium microcarpum. The coefficient of correlation @R

for the experimental point was used as the fittingTaple 4: The Langmuir model parameters associated
parameter. Comparing the’ Ralues for Pb(ll), Co(Il) and  wjth the adsorption of Pb (II), Ni (Il) and Co (Il) ions
Ni(ll) ion removal as shown in Tables 1 and 2, thepy shell ofDetarium microcarpum

pseudo-sgcond order kinetic model gave bet@w@g Metal ions Qe (MO/Q) B (I/mg) RZ
and the higher the value of Rhe higher the applicability

of the model to the data. The applicability of thiedel P_b(”) 14.93 0.130 0.013
suggests that adsorption of these metal ions oshbk of Ni(lT) 0.96 0.950 0.887
Detarium microcarpum was based on chemical reactior. Co(lh 4.78 0.007 0.210

between metal ions and active sites of the adsabrben . .
Conformation of adsorption process to pseudo-secondable 5:  Dubinin-Radushkevich (D-R) ~model
order kinetic has also been reported by El-Ashtguéktal. ~ Parameters associated with the adsorption of Pb (J)

(2008); Babarinde and Babalola (2010); Ejikemteal. ~ Ni () and Co (l) ions by shell of Detarium
(2011); Yusra and Bhatti, (2011) and Babarirefeal. microcarpum
(2012). Metal ion V'm K R?
, , Pb(ll) 27.04 0.475 0.95
Table 1: Psegdo-flrst-order cons_tant for the adsorpbn Ni(Il) 1.67 -0.28 0.94
of Pb (II), Ni () and Co (ll) ions by the shell o
Detarium microcarpum Co(ln 0.36 1.48 0.97
Metal K1 min) Qe (maig R Adsorption Thermodynamic
Pb(ll) 0.0008 1.21 0.0754 From Table 6, it was observed that the valuesHiif were
Ni(l1) 0.0014 1.69 0.8295 positive for the biosorption of the three metalsisip
Co(ll) 0.0040 1.69 0.8855 suggesting that the adsorption process was endaithér

nature. This was evident by the increase in thegugage
of metal ion removed with rise in temperature. The
positive values oAH® indicates the presence of an energy
barrier in the adsorption process. The positivaieslof
AG® for the three metal ions indicated that the adsmmp

.0..0..0..0..0.00.00.0..0..0..0..0.00.00.0..0..0..0.00.00.00.‘
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process was feasible but not spontaneous, whiledhee

of AS® was negative, an indication of decreased
randomness at the sorbent-sorbate interface dutieg

adsorption of metal ions onto adsorbent. This Viasher
supported by the findings of Babarindeal. (2009) who
reported the biosorption thermodynamics of Pb ifhs

Babarinde NAA, Babalola JO, Adegoke J, George EO,

Okeke HO& Obagbemi AT2012.Kinetic, equilibrium,
and thermodynamic studies of the biosorption of
Cd(l1), Pb(ll), and Zn(Il) from aqueous solutions
using coconut Qocos nucifera) Leaf. Pacific J.Sci.
and Tech., 13(1):430-442.

onto Calyperes erosum. Babarinde NAA, Babalola JO, Adegoke J, Oyindamola
RO, Temidayo OO & OLuwagbemisola O
2012.Biosorption of Cd(ll), Pb(ll) and zZn(ll) from
solutionusingAcalypha wilkesiana leaf: equilibrium,

kinetics and thermodtnamicsint. J. Chem.ci.,

Table 6: Thermodynamic parameters for the
biosorption of Co (ll), Ni (Il)and Pb (1) onto shell of
Detarium microcarpum

Metal AH® AS® AG° R? 5(1):1-9.
ion (J/mol/K)  (IImol/K)  (kJ/mol/K) Babarinde NAA, Babalola JO, Adegoke J, Maraizu U,
co(ll) 0.09 31.71 967 0.96 Ogunbanwo T & Ogunjinrin F 2012.Kinetic,
equilibrium and thermodynamic studies of the
Ni(l1) 0.10 -35.44 10.81 0.99 biosorption of Ni(ll), Cr(lil) and Co(ll) from aquesu
Pb(ll) 0.11 -39.66 12.096 0.92 solutions using banand(isa acuminata) leaf. Int. J.
Physical ci., 7(9):1376 - 1385.
Conclusion Dadhaniya PV, Patel AM, Patel MP & Patel RG 2009. A

The following conclusions were drawn from the prese new cationic poly (1-vinyl-v3-ethylimidazolium
study. The optimum pH required for maximum adsorpti iodide), P (VEII) hydrogen for the effective rembva
were found to be 5.0 for Co(ll) ion, 6.0 for Pb) @nd Ni of chromium (V1) from aqueous dwu.

(1) ion respectively. Equilibrium times of 60 mitas were J. Macromol. Sci. Part A:Pure and Appl.
attained for Ni (I1) and Co (Il) ions and 90 minufes Pb PolymerChem,, 46: 447-454.

(I) ions. The amount of metal ions adsorbed by theDe la Rosa G, Reynel-Avila HE, Bonilla-Petriciolet A,
substrate increased with increase in initial metal Cano-Rodriguez I, Velasco-SantosC, Martinez-
concentration. The kinetics of the biosorption béde Elangovan R, Pilip L & Chandraraj K 2008.
metal ions followed a pseudo-second-order modek Th Biosorption of chromium species by aquatic weeds:
adsorption equilibrum fitted well to Freundlich and Kinetics and mechanism studies. Hazardous
Dubinin-Radushkevich (D-R) isotherm model. The Matererial, 152: 100-102.

thermodynamic parametera@°’, AH® and AS°) showed Demirbas E, Kobya M & Konukmanc AES 2008.
that the adsorption of Pb(Il), Ni(ll) and Co(ll)ris was not Equilibrum studies for the Almond shell

spontaneous but feasible, endothermic and lowActivated carbon adsorption of Cr (VI) from aqueous

randomness at the sorbent-sorbate interface. Tteenehl

results in the present study revealed that thel sifel
Detarium microcarpum has high potentials for the removal

of the selected potential toxic elements.
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