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ABSTRACT: Biosorption of copper on raw and activated (AChggi ofBombax buonopozense

in a batch system was studied. The percentage @mbeopper was found to be a function of
pH, contact time, dosage, initial metal concentratind temperatur&he experimental results
were analyzed with Langmuir, Freundlich, and Dubinin-Radushkevic isotherm models and

in each case the Langmuir model appears to have better regression coefficients, R2, 0.998
and 0.987 for raw and activated adsorbents resdgetiFrom the kinetic studies the rate
constant values for the adsorption process wereuledbd. Also, various thermodynamic
parameters such d%°, AH°, AS° andE, were calculated and the result showed that thatisor
process was endothermic in nature and that higblettien temperatures favoured metal ion
removal by the adsorbents. These results indicdiadspines oBombax buonopozense have
potential for the uptake of the toxic element (cap@rom industrial effluents.

Keywords: Biosorption, Langmuir isotherm, endothermic, kingthermodynamic

INTRODUCTION

Wastewater treatment processes in terms of renafveixic metals is of great importance in
determining the quantity of heavy metals discharg@d municipal waters. Discharge of
industrial wastewater containing hazardous metal® ithe environment causes serious
environmental problems to human and ecosystem2] [T his is because untreated wastewater
from industries and homes end up in rivers and tagagstems that are sources of livelihood for
humans [3]. Most of these rivers are used as sswtdrinking water by rural dwellers without
any form of treatment and thus increase the chaofcesveral health problems such as cancer,
kidney failure, oral ulcer, renal failure and meikt acidosis [4].

Several techniques are available for the removahaiganic pollutants (potential toxic metals)
from industrial wastewater. The removal of thesganic pollutants from domestic or drinking
water can be achieved through precipitation, fltaton, solvent extraction, ion exchange,
reverse osmosis [5], but the process of adsorptiasm become a preferred method for the
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removal of toxic contaminants from water becauseit®feffectiveness, economical value,
versatility and simplicity [6].

Adsorption is a mass transfer process by whichbatance is transferred from the liquid phase to
the surface of a solid and becomes bound by pHysicehemical interactions [7JAdsorption
processes mostly involve the use of various low agscultural by-products for the elimination
of heavy metals from wastewater and these incMdega oleifera pod [8], papaya wood [9],
neem bark [10]. Most of these are used in formrahglar or powdered activated carbon which
have been employed as adsorbents for the remov@tbfheavy metals and organic pollutants
from contaminated water.

The goal of this work was to investigate the sanpttapacity, thermodynamics and kinetics of
raw and activated adsorbents prepared from spinBsnbax buonopozense for copper removal.
The potential of this biomaterial as a low costsbident was studied by means of batch sorption
tests.

MATERIALS AND METHODS

Biosorbents

The spines oBombax buonopozense were obtained from the bark of this tree collechexn
farm lands from suburbs of Minna, Nigeria. They vevashed with distilled water and
thoroughly dried in an oven at 1%%& The sample was ground using pestle and morththen
sieved to obtain the 24@n fraction used in this experiment. The sampler afieving is divided
into two parts: The first part was labeled by “Raarid second part “AC” was placed in a
crucible and positioned at the center of a muftlenéice for 15mins at 560. The activated
carbon (AC) produced is washed with distilled wated later oven dried.

Metal ion solutions

All reagents used in this study were analyticadgraA stock solution of 1000 mgdtrcopper
was prepared by dissolving the appropriate amoti@u&Q,.5H,0 in distilled water. Solutions
of lower concentrations were prepared by dilutimg $tock solution with distilled water. Sodium
hydroxide (NaOH) and hydrochloric acid (HCI) wesed for pH adjustments.

Analytical techniques

The concentration of copper in the filtrate was swead on an atomic absorption
spectrophotometer (AAS), Perkin Elmer; Analyst 28td the pH were measured with Kent
EIL7045/46 pH-Meter.

The specific metal uptakg, and the percentage removal (Removal %) calculatedrding to
the following equations:

qe =

Removal (%) =
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whereC, (mgdm?) is the initial concentration of copper in solujc, (mgdm?) the equilibrium
copper concentratior, (mgg?) the equilibrium uptake capacity and(g) the dry weight of the
adsorbent.

Adsorption isotherms

The adsorption isotherms were obtained by emploirigy of raw and carbonized samples.
These were then interacted with 4Gapfiwaste solution with different initial concerticms (10,
20, 30, 40 and 50mgdmh of copper. These solutions were stirred on a meiclal shaker until
they reached adsorption equilibrium. The mixturesenshaken for the contact time and then
both phases were separated by filtration. The noetalents of the filtrates were determined by
atomic absorption spectrometry.

Equilibrium modeling in a batch system

Analysis of equilibrium data is important for dewping equation under different operational

conditions in order to design and optimize an ojreggprocedure. Equilibrium studies give the

capacity of the adsorbent and this can be esta&ulish several models.

Freundlich isotherm model

The Freundlich isotherm is an empirical expresswich shows the heterogeneity of the surface
and multilayer adsorption to the binding sites tedaon the surface of the sorbent and is
expressed as follows:

de = Kf(ce)l/n

whereK; is the biosorption equilibrium constant and n isoastant indicative of biosorption
intensity. C, is the final concentration of copper in solutiongdm?®). The Freundlich isotherm
constants(; and 1/n are evaluated from the intercept and thgeslespectively, of the linear plot
of Ing, versudncC,.

Dubinin-Radushkevich isotherm (D-R) model
This isotherm model was chosen to evaluate the rapargy of sorption. It is represented in the
linear form by the equation:

Inq, = InQ,,, — KE?

where Q,, is the theoretical maximum capacity (Mygnd€ is the Polanyi potential which is
expressed as:

1
€ = RTI (1 —)
n + C

e
The biosorption mean free energyvas calculated from the relation:

1

E= 1
(—2K)2

Langmuir model
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The Langmuir treatment is based on the assumpgtianat maximum adsorption corresponds to a
saturated monolayer of solute molecules on the rhdsb surface and the equation of
Langmuir’s isotherm model is expressed as:

L 1 1
qe KLQmax Qmax ¢

whereg, is the amount of metal adsorbed (ifygC, is the equilibrium concentration of solution
(mgdm?®). Q,,.rand K; are Langmuir constants indicating adsorption cipaand energy
respectively.

Sorption kinetics

Pseudo first-order kinetic model

The pseudo first-order kinetic model was applieth®experimental data to describe the kinetics
of copper metal sorption. This equation is givelowe

ln(qe - qt) = lnqe — kqt

wheregq, andg, are the amount of solute sorbed per mass of sb(begg’) at any time and
equilibrium respectively ankl, is the rate constant of first-order sorption (Hin

Pseudo second-order kinetic model
The pseudo second-order kinetic model equatioepsesented as:

t 1 4 ( 1 ) .

ae k202 \qe
The initial sorption rate is defined by the followgi equation:

h = k,q;

wherek, is the rate constant (g/mg.min) agpdis the metal uptake capacity at any titne
These equations in this model were used to chaiaet¢the adsorption processes of these
sorbents.
Thermodynamic studies
Thermodynamic parameters were evaluated by comsgdeéhe thermodynamic equilibrium
constantsThe free energy of the biosorption reaction, comsid) the biosorption equilibrium
constantk,, is given by the following equation:

AG = —RTInK,

whereAG is the change in free energy (kJ/md)the universal gas constant 8.314 J/K mol and
T is the absolute temperature (RKhe equilibrium constant of the biosorption is defl as:
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wheregq, is the metal uptake capacity (mMbgC, is the equilibrium concentration of the metal
ion in solution (mgdnT) andK,, is the biosorption equilibrium constant (dg).

The surface coveragdd)(for studying the sticking probability and activat energy was
calculated from the equations below.

0= (1 Ce
= ( Co)

S$* = (1 — 6)e Farr
C., andC, are the equilibrium and initial metal concentrai®f the metal respectively while the
values of activation energyE,) and sticking probability(S*) were estimated from the
experimental data using a modified Arrhenius typgation related to surface coverage as
expressed above.

DISCUSSION OF RESULTS

Contact time

Fig. 1 shows the effect of residence time on timeoneal of copper metal on raw and carbonized
adsorbent. Equilibrium was attained within 90 mfrsbaking time for Cu(ll) ionsThis shows
that there were large number of vacant active bmdites available at the first phase of
experiment and large amounts of copper metal weuad rapidly on the adsorbents of spines of
Bombax buonopozense at a faster adsorption rate. The binding siter laezame limited and the
remaining vacant adsorbents surface sites wereuwtfto contain more copper ions due to the
formation of repulsive forces between the metasion the solid surface of the adsorbent and the
liquid phase [11]. This was in agreement with tiffect of contact time presented by Dhabab
[12], on the removal of Fe(ll), Cu(ll), Zn(ll), anBb(ll) ions from aqueous solutions by
duckweed.

95 -
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93.5 -

93 -
92.5 -

92 ——Raw
91.5 -

91 - =i—-AC
90.5 -

90 . T T )

0 50 100 150 200

% Removal

Contact time (min)

Figure 1. Effect of contact time on the removatopper ion by adsorption at 5mgdn®.5g
adsorbents weight, pH 6.9 and temperatuf€28 1
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Cu(ll) adsorption increased with increase in solugpH in the range 2-10 as indicated in Fig. 2.
These suggest that some functional groups mighivmdved in the adsorption of copper [13]. At
a low pH, adsorption of metal is relatively low dweincrease in completion for adsorption sites
by hydroxonium ion (HO"). As the pH increased (pH > 7) adsorption incrda3&ie enhanced
rate of adsorption with increasing pH implies thla¢ surfaces of adsorbents became more
negatively charged. This is in accordance withfilnéings of Abdel-Halim and Al-Deyab [14].

65 - %

=—¢— Raw
=i—-AC

% Removal

pH

Figure 2. Effect of pH on the removal of copper ipnadsorption at 5mgdrhconcentration and
0.5g adsorbents weight

Initial Concentration

Figure 3 shows the effect of initial metal concatitn on the ability of adsorption by raw and
activated samples from spinesBimbax buonopozense at a range of 10 — 50mgdfhof copper
solution. The initial faster rate of removal of pep could be due to the availability of the vacant
surface areas of the adsorbents and increase ialeéb&ostatic interaction between the metal
ions and the absorbent active sites [15, 16]. Imrest, decrease in the percentage removal was
due to the availability of limited sites on the axents at higher concentrations [17, 18]. Similar
results were observed by El-Ashtoukly et al. [I¥§ttused pomegranate peel for the adsorption
of lead and copper.
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Figure 3. Effect of variation of initial concenti@t on the removal of copper ion by adsorption
at 0.5g adsorbents weight, contact time 90min ahé.9

Dosage

The percentage of copper removal in Fig. 4 inceaséh increasing the weight of the
adsorbents. The increase in the weight of adsmsbecteased the rate of adsorption due to
availability of more adsorption surface sites (@vewding of particles). This may also be
attributed to aggregation of adsorbent surface avaedable to ion and increase in diffusion path
lengths [20]. This conforms to the findings of Amjb and Ajelabi, [21]; Khosravan and
Lashkari [22].
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Figure 4. Effect of adsorbent dose on the remokabpper ion by adsorption at contact time
90min, 5mgdrit concentration and pH 6.9

Temperature

The effect of temperature on the adsorption of eopp illustrated by the results depicted in
Figure 5. It is shown that the percentage removatapper increased with an increase in
temperature indicating better adsorption at higketperatures. The increase in the amount of
copper ions adsorbed with increase in temperataneba due to the rise in the kinetic energy of
sorbent particles or creation of some new adsarpdictive sites on the surface of adsorbents
[23]. Also the retarding specific or electrostaitnteractions probably became weaker and the
ions became smaller, because solvation is redu@&d2b]. This indicates that the adsorption
reaction was endothermic in nature. This was aintd the findings of Shen and Duvnjak [26],
that found that the uptake of Cd(ll) and Cu(l§ing corncob particles as adsorbimctreased at
higher temperatures.
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Figure 5. Effect of temperature on the removalagper ion by adsorption at 5mgdm
concentration, contact time 90min and pH 6.9

Isothermal studies

The Freundlich isotherm values Kf andn were calculated and given in Table 1. This shows
the increase of negative charge on the surfaceetitfanced the electrostatic force like Van der
Waal's between the surface of the adsorbents andhtrtal ions which increased the adsorption
of copper ions which clearly showed dominance isoggtion capacity. The biosorption
intensity n is indicative of the bond energies et the copper ions and the adsorbents which
showed a possibility of physiosorption and slighemisorptions and the values wfindicated
that the adsorption was favourable [27, 28]. TheuRdlich isotherm provides no information on
the monolayer adsorption capacity when comparelded.angmuir model.

Table 1. Isotherm model for the sorption of copgpesby spines oBombax buonopozense

Isotherm Parameter Raw AC
Freundlich Ke(mgg?) 0.557 0.659
n 3.257 3.367

R2 0.957 0.973

Dubinin Radushkevich  @mgg?) 0.265 2.77
K(moPRkJ?2) 7 x 108 5 x 10°
E(kJ/mol) 2.672 3.163

R2 0.934 0.925

Langmuir Qrax(mggd?) 1.709 1.876
KL (L/mg) 0.303 0.318
R2 0.998 0.987

The E values of the raw and activated adsorbents bvetween 2.672 and 3.163 kJ/mol which
indicated that the adsorption process might betduke predominant nature of physisorption
process [29]. The correlation coefficientsrBsults of Langmuir isotherm model fitted the resul

quite well suggesting that the surface of the sarieehomogenous and at maximum adsorption
Qmax only monolayer was formed on the free surfacehefadsorbents [30, 31]. The maximum



266  sorption capacity determined from the experimeatplilibrium isotherm showed that activated
267 adsorbent (AC) had a better copper binding abi(ty876mgd) than the raw adsorbent
268 (1.709mgd). Nevertheless, the maximum biosorption capacitiesined in this for both raw
269  and activated (AC) are found to be lower compaoegtistine peat (17.8mdfy [32].
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Biosorption Kinetics

The values of rate constants, correlation coefiiisieadsorption capacity and initial sorption rate
are given in Table 2. The plots of la(g q) against t for the pseudo-first-order for raw and
activated adsorbents were not linear indicating thare than one mechanism are involved in
adsorption process. This confirms that it is rmtrapriate to use the pseudo-first-order kinetic
model to predict the adsorption kinetics for copiper. The correlation coefficients values of the
raw and activated adsorbents at various initialceatration of pseudo second order kinetic
model were higher than that of pseudo first ordeetic model. This shows that kinetics of
copper biosorption byBombax buonopozense was better described by pseudo second order
kinetic model which is similar to the findings ofi€lo et al. [33]; Priyanthaet al. [34]. This was
also in line with the findings of Murthgt al. [35] for the removal of Pb(ll) from aqueous
solution by Cucumissativus (Cucumber) Peel. Predicted initial copper sorptrate, h, for
activated adsorbent (AC) was higher than the rasodient. The higher initial rate by activated
adsorbent may be evidence that carbonization iserde number of active surface sites that are
more available for sorption of copper ion.

Table 2. Kinetics rate model for the sorption opger ionsy spines oBombax buonopozense

Kinetic Parameter Raw AC
First-order q(mgg?) 0.333 0.342
k. (min?) 1x 108 5 x 10°

R2 0.048 0.052

Second-order {mggd?) 0.033 0.031
k,(g/mg.min) 3.432 5.14
h(mg/gmin) 3.737 x 18 4.4 x 10°

R2 0.902 0.987

Figure 9. Pseudo-first-order plot for adsorptiorcopper ion onto raw and activated adsorbents
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Figure 10. Pseudo-second-order plot for adsorgifaropper ion onto raw and activated
adsorbents

7000 -

R*=0.902

6000 -

5000 -

4000 -

t/qt

3000 - ¢ Raw

R?=0.987
2000 - BAC

1000 -

0 T T T 1
0 50 100 150 200

Time(min)

Thermodynamics Parameter

The thermodynamic parameters in Table 3, the vabfienthalpyAH®, and entropyAS®, and
Gibbs free energydG®, of the sorption are useful in defining whethee 8orption reaction is
endothermic or exothermic and spontaneity or namtgneity of the adsorption proce3he
positive value of enthalpy changAH®, shows that the adsorption of copper ions was
endothermic and the positive values AG° at various temperatures indicated the non
spontaneous nature of the adsorption process. Theencal values 04G° decreased with
increased temperature indicating that the readierame spontaneous and more favourable at
higher temperaturé.he positive values aiS° indicated the strong affinity of raw and activated
adsorbent materials toward the copper ions.

The sticking probability,S*, is a function of the adsorbate and adsorbentesystinder
consideration and is dependent of the temperatutleedbatch system. The activation enefgy
values were found to be 10.875kJ/mol and 13.177&dJfar the raw and activated adsorbents
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respectively. The positive values 6f, indicated that higher solution temperatures fagdur
copper metal removal by adsorption and the adsorgmtiocess was endothermic in nature.

Table 3.Thermodynamic parameters for the sorption of copp®s by spines dBombax buonopozense

Raw AC

Temp| AH° AS E. AG® R2 AH® AS E. AG’ R2
(K) | (kJ/mol) [IJmol 1K™} (kI/mol) | (kI/moal) (kJ/mol) |(ImolK™) (kJ/mol) | (kJ/mol)

303 4.144 4.428

313 3.857 3.652

323 | 13.036] 29.346 10.871 3557 0932 27952 77.436 13178762 0.717
333 3.242 2.099

343 2.93 1.323

353 2.619 0.547

CONCLUSION

Batch sorption studies for the removal of coppemfrwastewater have been carried out using
spines ofBombax buonopozense as low cost and locally available biosorbents. @tsorption
process followed pseudo-second-order kinetics deged Langmuir adsorption isotherm for the
metal ion studied. The excellent applicability afrigmuir isotherm to the metal ion biosorption
showed the occurrence of monolayer adsorption tifeasites on the surface of biosorbents. The
Laboratory test on copper removal from wastewabtenw®d the potential applicability of this
material in the industrial waste treatment. It erefore necessary to synthesiembax
buonopozense as low cost and effective adsorbent for the remo¥aotentially toxic metals
from agqueous solutions.
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