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ABSTRACT

The biosorption of single metal system of Cr(l11) and binary metal systems (Cr-Pb, Cr-Cd and Cr-Ni) from aqueous
solutions using Luffa cylindrica fibre biomass was investigated as a function of biomass dose and contact time.
Results showed that maximum adsor ption of single Cr(I11) ions was obtained at biomass dosage of 500 mg/L. In the
binary solutions of Cr(I11)-Cd(Il), 63.45% of Cd(ll) and 66.5% of Cr(l1l) were adsorbed at a biomass dosage of
1100 mg/L. At 300 mg/L dosage, 70.70% of Cr(l11) and 94.27% of Pb(ll) were obtained as the maximum metal-ion
adsorbed in the binary metal systems of Cr-Pb. The optimum biomass dosage of Cr-Ni binary system was found to
be 900 mg/L. All the optimum dosages obtained were used for kinetic experiment on both the single and binary
mixtures. Studies on the effect of contact time on the adsorption of the metal ions were used to access the kinetics of
the adsorption process. Both pseudo-first order and pseudo-second order kinetic models were applied to the
experimental adsorption data and results showed that the biosorption process for the systems studied followed
pseudo-second order kinetics.
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INTRODUCTION

Heavy metals occurring in our environment often epaserious health hazards. Ever-intensifying human
technological activities have resulted in the gatien of large quantities of aqueous effluents twattain high level

of heavy metals and cause environment disposallegrreb[1-3]. Also, the use of industrial sludge asidential
landfill is a major source of contamination, whidan be avoided. Since these activities that carsecau
contamination are inevitable, it therefore becomesessary to keep the concentrations of these heetsl
contaminants in the environments as low as possidealso by employing suitable methods of theimaeal from

the aqueous environment. Conventional techniqguehdavy metal removal include: chemical precipitatiion
exchange, adsorption on activated carbon, memlsgp@ration processes (reverse osmosis) and se@n Bome

of these techniques are either ineffective or aohipitively expensive and inadequate especiallgrmvhonsidering
the vast wastewater quantities to be treated.

lon exchange method can effectively remove dissbiveetals. However, it is expensive and not widgiplizd
particularly for large scale operations such amining effluent treatment. Precipitation has besam ¢rude metal
removal technology most widely applied. Metal spgdn solution are precipitated through increaspHl, usually
aided by the addition of certain chemicals, basednetal binding capacities of various biological temgls.
Biosorption results as a property of certain typemactive, dead, microbial biomass to bind andcemtrate heavy
metals from even very dilute aqueous solutions YWhen dealing with the removal of metals by biomass
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distinction however needs to be made between tbeypes of processes namely biosorption and bioaatation.
Metal biosorption typically applies to the metabelly mediated passive process while bioaccumulatio the
other hand refers to a metabolically active pro¢8gs

Luffa cylindrica is an annual climbing crop which produces fruittedning fibrous vascular systeiuffa is derived
from the cucumber and marrow family and origindtesn America.Luffa commonly called sponge gourdyffa,

vegetable sponge, bath sponge or dish cloth gaual member of cucurbitaceous family. It is a ligehdosic
material composed mainly of cellulose, hemicellakand lignin. The fibres are composed of 60% lelk) 30%
hemicellulose and 10% lignin. One mature luffa gomill produce at least 30 seeds. Some will predumany
more [9]. It is well known that plant biomass hadke ability for metal uptake from aqueous solutians industrial
waste water [10]. The current study assesses faet &ff co-ions on the kinetics of bioremediatidnGs(Ill) from

agueous solutions usimgffa cylindrica fibre.

MATERIALSAND METHODS

Preparation of biosorbent

The driedLuffa cylindrica fibre were collected from site located within llaadmetropolis Nigeria. After removing
the external dry coverage on theffa cylindrica fibre, the seeds inside theiffa cylindrica fibre were removed.
They were thereafter air-dried for six days. Théedirsamples were pulverized using an electric tderahd
thereafter sieved using a 1p0n size mesh screen. The prepared biosorbent wassfioeed in an air-tight

polythene bag.

Preparation of stock solutions

Chromium, nickel, lead and cadmium solutions wilms initial concentrations were prepared by diseglknown
masses of Cr(Ng)s.9H,0, Ni(NOs), .6H,O Pb(NG), and Cd(NQ), .4H,O respectively in de-ionized water in an
appropriate standard volumetric flask and madeauthé mark. Thereafter, 5 ml of the prepared sohgtiwere
taken and analyed for final concectration of theahsolutions using Buck scientific model of atonaissorption
spectrophotometer (AAS). The working concentrati@s obtained from serial dilution of the stockusiolns.

Biosor ption Experiments

The influence of contact time on the biosorptioagass was investigated by adding 30 ml of 100 nsgiltion of
each of the binary metal solutions (Cr—Pb, Cr-Nd &n-Cd) into 100 mL Erlenmeyer flask containing @. of the
biosorbent at their respective optimum experimepithl The flasks were agitated at different timesl(@® 20, 30, 60
and120 min). After the agitation times, the mixgiveere filtered and thereafter 5 ml of each offili@ates was then
determined for residual metal ion concentrationngsiAtomic Absorption Spectrophotometer (AAS). Each
experiment was carried out in duplicate. The inileee of biomass mass was studied by introducing B6frh00
mg/L solution of each of the binary metal soluti@ighe experimental pH of 4 for both single anaaby systems
into different Erlenmeyer flasks containing varyimgsses of 0.1 g, 0.3 g, 0.5 g, 0.7 g, 0.9 g ahd bf samples of
Luffa cylindrica fibre. The flasks were agitated for the predetasdioptimum time for each of the systems on a
shaker at 150 rpm and then filtered.

Data Analysis
Determination of total percentage metal removal
Residual concentration R (%) was calculated as:

R(%) = [(C;—Cf)] 100 (1)

Where Gand G are the initial and final concentrations in mg/L.

M etal uptake by biomass
Specific metal uptake was calculated as follows:

(Ci -G, )‘/

q = (2
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Where G and G are the initial and final metal concentrationsmg/L respectively, V is the volume of the metal
solution in L and m is dry weight of the biomagin

Kinetic models
Adsorption is a time dependent process. Kinetiptimm study was done by using two kinetic modekse(Rlo-first
order and Pseudo-second order).

Pseudo-first order L agergren model
The Pseudo-first order rate expression is basesbgstion capacity of the solid phase which is galheexpressed
as follows:

a9 _

- (0. -a) .3

Where kis the rate constant of first order adsorption pss¢ gis the metal uptake in mg/g at equilibriumjsythe
metal uptake in mg/g at time t. Integration of g@ra(3) yields

kit
2.30¢<

Log(g.—¢,)=logq, - . (4)

A plot of log (g—q) versus t was made and the model parameteand) k were obtained from the intercept and
slope of linear plots respectively.

Pseudo-second order modéd

This model is based on the sorption capacity ofshied phase and on the assumption that the sorptiocess
involves chemisorption mechanism. The model isgspnted by:

d
d—? = k(0. -q) (5)

Where k is the rate constant for the second order biogorpt

On integrating between boundary conditions of t t8tand g= 0, q=q, i.e
da
L= Jy ke (@e — )
We finally obtain

t 1 t
— = +— ...(6)

g ko q

The values of;, andk, are estimated from the slope and intercept ofittear plots oft/qt against t.

RESULTSAND DISCUSSION

Effect of biomass dosage on biosor ption

One of the factors that accelerate the biomasscapipin in effluent treatment is its economical awb-friendly
nature. The lesser the biomass dosage, the highgudssibility of its application. In order to detene the least
biomass dosage for the maximum removal of Cr(IQg(I11)-Pb(ll) , Cr(lI)-Cd(ll) and Cr(I11)-Ni(ll) ions from

both its single and in binary systems, considedhgomium(lll) as a priority metal-ion, the dosadéeet of the

biosorbent was studied using different biomass gles@n the range of 100 mg/L to 1100 mg/L andréselts were
presented in figs. 1 and 2. During the study ameiase in the amount of metal ions adsorbed waswasén the
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Cr(V1) ions with increase in the biomass loadingtafpb00 mg/L. In the binary solution of Cr(ll)-Q8 , a steady
increase of metal ions adsorbed with biomass dosageobserved with 63.45% for Cd(ll) and 66.5% €x(lIl),
at an optimal biomass dosage of 1100mg/L, whichk ugsed for further experiment on this binary migtur

The adsorption of metal ions onto thaffa cylindrica fibre from a binary solution of Cr(lll)-Pb(ll) imeased to
70.70% for Cr(lll) and 94.27% for Pb(ll), when tHesage changed from 100 mg/L to 300 mg/L. The marim
biosorption 66.31% for Cr(lll) and 36.13 for Ni(lof the binary Cr(l11)-Ni(ll) metal system were aithed at a
biomass dosage of about 900 mg/L. Generally, ithallbinary and single metal ion systems studiednerease in
the biomass dose increased the amount of biosartatdl ions. This is because an increase in sudee of the
biomass increases the number of binding sites Xdiparatively, the amount of Cr(lll) ions adsorlethe binary
system is higher than the amount of Cr(lll) ionsatied in single Cr(lll) ion solution and this steothat the
adsorption of Cr(lll) ontd_uffa cylindrica fibre is greatly enhanced by the presence of atietial ions competing
for the sorbent surface. This also indicates thatrhetals may be adsorbed through different meshenor are
adsorbed onto diferent sites on the adsorbent cauirfarom the analysis of experimental data obtafeecboth

single and binary systems, it was observed thathibsorption capacity became nearly constant alibe&

optimum dosage value in some binary systems. Hviglihg effect may have resulted from interferehetveen
binding sites at higher biomass dosages or insefficmetal ions in the solution with respect to thailable

binding sites [12].
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Figurel. Effect of biosorbent dose on the biosor ption of Cr(l11) by Luffa cylindrica fibre (pH 4; biosor ption concentration 100 mg/L;
contact time 10 min; Temper ature 27°C)
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Figure 2. Effect of biosorbent dose on the binary biosor ption of Cr(I11)-Pb(l1), Cr(l11)-Ni(11) and Cr(111)-Cd(ll) metal ions by Luffa
cylindrica fibre (pH 4; biosor ption concentration 100 mg/L; contact time 5 min; Temp. 27°C)

Effect of contact time on biosor ption
The duration of the batch experiment was variethfl®to 120 min while all other parameters such agalrion

concentration, temperature, biosorbent mass anavgte kept constant for all systems (Cr, Cr-Ni, ®-Er-Cd)
considered. Figure 3 showed that the rate of mgitake (single metal ion solution of Cr(lll)) inased rapidly in
the first part within 5 min of contact, then slowhgcreased till it reach a constant value of metaicentration after
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10 min. This short time required for biosorptioninsaccordance with the result given in a simikesaarch [13].
Both binary metal ion solutions of Cr-Pb and Crdbwed a very fast adsorption tarffa Cylindrica fibre biomass
with an optimum contact time of 10 min, during walhi period the fraction removed were 75.67% fqtlQr and

92.34% for Pb(ll) in the binary system of Cr(IRp(ll), 90.56% for Cr(lll) and 71.2% for Ni(ll) ithe binary
system of Cr(lI1)-Ni(ll). Figure 5 showed that thete of metal uptake in the equimolar mixture ofilQrand Cd(ll)

is faster in the first 5 min and equilibrium wasaddished in the range of 60-120 min for the adSonpprocess. It
can be seen that metal biosorption consists ofpimases: a very rapid initial sorption, followeddjong period of
much slower uptake. The two-stage kinetics of higson was also reported for immobilized biomassvadl as

some conventional sorbents [13]. During the initdge of sorption, a large number of vacant sarfites are
available for biosorption. After lapse of some tjrtiee remaining vacant surface sites are diffitmlbe occupied
due to repulsive forces between the solute molecadisorbed on the solid surface and the bulk plBessdes, the
metal ions are adsorbed into the mesopores thaalgwist saturated with metal ions during the ihitieage of
biosorption. Thereafter, the metal ions have tuerse farther and deeper into the pores encougtemninch larger
resistance, which resulted in the slowing dowrheftiiosorption during the later period of the pssce
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Figure 3: Effect of contact time on the biosor ption of Cr(l11) by Luffa cylindrica fibre (pH 4; biosor ption concentration 100 mg/L;
contact time 120 min; Temper ature 27°C)
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Figure4: Effect of contact timeon the competitive biosor ption of Pb(l1) and Cr(111) by Luffa cylindrica fibre (pH 4; biosor ption
concentration 100 mg/L; contact time 120 min; Temper ature 27°C)
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Figure 5. Effect of contact time on the competitive biosor ption of Cd(I1) and Cr(I11) by Luffa cylindrica fibre (pH 4; biosorption
concentration 100 mg/L; contact time 120 min; Temperature 27 °C)
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Figure 6, Effect of contact time on the competitive biosor ption of Ni(l1) and Cr (I111) by Luffa cylindrica fibre (pH 4; biosor ption
concentration 100 mg/L ; contact time 120 min; Temper ature 27°C)

Kinetic modeling

The biosorption kinetics was investigated for bettederstanding of the dynamics of adsorption efriietal ions
onto Luffa cylindrica fibre and to obtain predictive models that allostimations of the amount adsorbed with the
treatment time. This information could be usedtfe scale-up to a larger system. The pseudo-firdtseudo-
second order kinetics were thus applied to the raxpatal data obtained. The pseudo-first order rhadsumes
that a metal ion only adsorbs on one sorptiondfitde sorbent surface and is represented by tfl@viog scheme
[14].

2 2
S(solid) +M +(aqueous) —> SM +(adsorbed phase)

Where S is the biosorption site. On the other htmeessential assumption of the pseudo-second wroldel is that
one metal ion is adsorbed onto two surface sitesndicated by the following equation.

28(solid) + M2+(aqueou5) —> 3\42+ (adsorbed phase)

Results obtained showed that the experimental fitééd better into pseudo-second order kinetic nhodable 1
lists results of rate constants studied for thglsithromium metal ion system and the Cr-Cd, CraRt Cr-Ni
binary systems by the pseudo-second order model.v@ilues of correlation coefficient? Rr the pseudo-second
order adsorption model is relatively high. Howewée correlation coefficient, HRfor the biosortion of the metal
ions ontoLuffa cylindrica fibre does not fit a pseudo-first order kineticdaeb Therefore, it can been concluded that
the pseudo-second order adsorption model is mdtabsel to describe the adsorption kinetics of b binary
systems and single metal ions system studiedlayféa cylindrica fibre biomass. This suggests that the rate-limitin
step in this sorption process may be chemisorgtionlving valency forces through the sharing orhexuge of
electrons between sorbent and sorbate.
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Figure7. The pseudo-first order plot for the kinetic study of Cr(I11) biosorption by Luffa cylindrica fibre (pH 4; biosor ption
concentration 100 mg/L; contact time 120 min; Temperature 27°C)
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Figure 8. The pseudo-second order plot for the kinetic study of single Cr(l11) biosor ption by Luffa cylindrica fibre (pH 4; biosor ption
concentration 100 mg/L; contact time 120 min; Temperature 27°C).
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Figure 9. The pseudo-first order plot on the kinetic study for the binary biosor ption of Cr(l11) and Ni(I1) by Luffa cylindrica fibre (pH
4; biosor ption concentration 100 mg/L; contact time 120 min; Temper ature 27°C)
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Figure 10. The pseudo-second order plot on the kinetic study for the binary biosor ption of Cr(111) and Ni(I1) by Luffa cylindrica fibre
(pH 4; biosor ption concentration 100 mg/L; contact time 120 min; Temper ature 27°C)
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Figure 11. The pseudo-first order plot on thekinetic study for thebinary biosor ption of Cr(111) and Pb(11) by Luffa cylindrica fibre (pH
4; biosor ption concentration 100 mg/L ; contact time 120 min; Temperature 27°C)
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Figure 12. The pseudo-second order plot on the kinetic study for the binary biosorption of Cr(I11) and Pb(I1) by Luffa cylindrica fibre
(pH 4; biosorption concentration 100 mg/L ; contact time 120 min; Temperature 27°C)
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Figure 13. The pseudo-first order plot on the kinetic study for the binary biosor ption of Cr(l111) and Cd(l1) by Luffa cylindrica fibre (pH
4; biosor ption concentration 100 mg/L; contact time 120 min; Temperature 27°C)

187
Pelagia Research Library



Amaku F. J. and Onwu F. K. Adv. Appl. Sci. Res., 2015, 6(8): 180-188

30 - y =0.201x + 0.736
R?=0.993 Cd

y =0.232x + 0.286
R?=0.997 Cr

¢ Cr

0 1 T T T T T T 1 - Cd
0 20 40 60 80 100 120 140

Time(min)

Figure 14. The pseudo-second order plot for the kinetic study for the binary biosor ption of Cr(111) and Pb(ll) metal ions by Luffa
cylindrica fibre (pH 4; biosor ption concentration 100 mg/L; contact time 120 min; Temper atur e 27°C)

Tablel. The pseudo-second order parametersfor the kinetic study of Cr, Cr-Pb, Cr-Ni, and Cr- Cd single and binary systems
biosor ption by Luffa cylindrica fibre biomass (L CFB)

Metal Sysem Metalion R?*(g/mgmin) gc(calc) e (expt.)

Cr Cr 0.982 3.0212 5.123
Cr-Ni Cr 0.978 3.0030 5.431
Ni 0.998 3.5714 4.304

Cr-Pb Cr 0.988 4.0984 4.550
Pb 0.999 5.4645 5.550

Cr-Cd Cr 0.976 3.0303 4517
Cd 0.976 3.0030 4.903

CONCLUSION

This work demonstrated the biosorption of a heawtainsolution bylLuffa cylindrica fibre. This biomass was
selected for studying biosorption due to its avaliey as well as to access the possibility of iatilg a waste
biomass to eradicate heavy metal pollution. Thaiobt result for the biomass dose showed thatla djuantity of
biosorbent will be effective in adsorbing the metals from aqueous solution. The suitability of peeudo-first
order and pseudo-second order kinetic models fostism of the metal systems ontaiffa cylindrica fibre was
discussed and the results showed that pseudo-secdadkinetic model was found to be in good agrenwith
the experimental data.
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