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ABSTRACT

This work assesses the potential of an adsorptive material LLL, for the separation of metal ions in agueous solution.
The adsorption behavior of LLL for lead, chromium, cadmium, nickel and iron ions was investigated. The effect of
pH, initial concentration of metal ions, the biomass dose, and contact time on the sorption of each of the metal ions
was determined. The result shows that the LLL biomass has a high selectivity for Pb, Cr and Ni with 99.86%,
98.75% and 99.49% at pH 5, 6 and 7 respectively. For cadmium the sorption capacity was low compared to Pb, Cr
and Ni, While Fe (111) was dlightly extracted (61%) at pH 4. The recovery of the metal ionsis around 98% using 1M
HNO; acid as the best luent.

Keywords: Environment, Separation of metal iohanchocarpus Laxiflorus, Immobilization, Fixed bed column

INTRODUCTION

Environmental impact of heavy metals was mostigtatted to industrial sources, Major industrialiszes include
surface treatment processes with elements suchl,aBi; Mn, Cu, Zn, Cr, Hg, As, Fe and Ni,as weliratustrial
products that, at the end of their life, are disghd in wastes [1] Major urban inputs to sewageewaiclude
household effluents, drainage water, business exffil (e.g. car washes, dental uses, other entspreic.),
atmospheric deposition, and traffic related emissi¢vehicle exhaust, brake linings, tires) trantgmblinto the
sewerage system [2].The continual release of metataminants into the natural environment has led t
environmental awareness and a need to developt@aaiyethods for selective separation of heavyatiens.

Separation techniques for extraction of selectivetaiions from the industrial effluents containihgzardous
elements are of higher interest due to the inongagublic attention and awareness towards thepodial into the
environment. Although a variety of methods suclpr@gipitation, electrolysis and ion exchange [@h de used to
remove dissolved metals from aqueous samples bytdhffer from disadvantages like poor removal cetapce,

high cost, generation of secondary pollution aneffettiveness towards low metal concentrations ¢4¢gtly,

solid-phase extraction has gained increasing faeaause of its simple procedure, higher preconagorr factor,

rapid phase separation and ease of combinationdiffdrent detection techniques. Solid phase ekttad{SPE) has
commonly been used as a technique for preconcimitatparation of various inorganic and organicsgs [4].
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The main requirements for substances to be usedligsphase extractants are as follows : abilitgxtract a large
number of elements over a wide pH range, fast armhtifative adsorption and elution, high capacitg @ase of
accessibility. Numerous substances have been prdpasd utilized as solid-phase extractants, sucmadified

silica and alumina, magnesia, active carbon atidlose [3].This technique has advantages of higimeichment
factor, absence of emulsion, safety with respedtapardous samples, minimal costs due to low coptsam of

reagent, environmental friendly, flexibility andséexr incorporation into automated analytical tegheis

Most previous research using biosorbents for mieta is based on batch kinetic and batch equilibratudies.
However, in the practical operation of full-scaledwrption processes, continuous-flow fixed bediguois are often
preferred. In such systems, the concentration lpsoiin the liquid and adsorbent phases vary in bptte and time.
As a result, design and optimization of fixed betumns are difficult to carry out a priori withoatquantitative
approach. From the perspective of process modelmgdynamic behavior of a fixed bed column is desd in
terms of breakthrough curve [5]. The time for bteakugh appearance and the shape of the breakthi@uge are
very important characteristics for determining éiperation and the dynamic response of an adsorptilommn.

The aim of this work is to investigate the adsamptbehavior of heavy metals on Lonchocarpus Laxiideaves
and the conditions for separation of heavy metals\faqueous solution.

EXPERIMENTAL SECTION

Sample preparation

The leaves of.anchocarpus laxiflorus plant were collected from a tree behind ModibboAddrederal University
of Technology Yola, Nigeria. The plant was washrélughly under running water to remove dust andatyering
particle and then rise with distilled water. Thenpée was air dry for 2 weeks and the dry leaves grasded in
analytical mill and sieve to obtain adsorbent of\n particle size range [6].

Preparation of Heavy Metal Stock Solution

All reagents used in this study are of analyticaldg. The stock solutions containing 1000md/ofrall the metals
of interest will be prepared by dissolving apprafei quantity of each metal salt in grams in 250ulistilled

water and make up to the mark in a 1 liter voluineflask. The stock solution will be used to prepalilute

solutions of different working concentrations

Preparation of sodium alginate and calcium chloridestock solution

Sodium alginate was prepared by weighing 4.00 g ma#ling it up to 100 cfhmark with distilled water in a
volumetric flask and left overnight for completessblution. 0.12 M of calcium chloride was prepabogdveighing
26.28g in to 1000ctvolumetric flask and making up to mark with disil water according to a standard
procedure described by [4].

Immobilization of the leaves ofi_onchocarpus Laxiflorus plant

Sodium alginate was used for immobilization of thaves ofLonchocarpus Laxiflorus plant. 50 cr of sample
solution prepared by dissolving 4g of each testparm 100 cm of distilled water and mix with 50 chof 4%
stock solution of sodium alginate and stir vigotgtis 250 cni beaker, to obtain a homogenous mixture. After
mixing, the solution the solution was drawn througtperdemic needles and was added drop wise t@radst
solution of 1M CaGl A retention time of 2 h was allowed for the reactio obtain complete precipitation of the
immobilized leave, stem bark and roots powdelonEhocar pus laxiflorus plant. The beads thus formed i.e sodium
alginates were kept in fresh Ca@blution. Before sorption studies, the beads weneoved and allowed to dry at
room temperature. The dried solid mass was storedoiolythene bag for further use [4]

Batch sorption studies
Batch sorption experiments of metal iorf RICW*, CF*, CP*, F&*, Hg*" and Nf* concentration were conducted to
study effect of pH at 1-7, contact time 10-120 mtimoom temperature, The method by [7, 8 ] waptetb

The amount of metal absorbed by the biosorberdlmutated as:

ge =V(Cy-Ce) /M (1]
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Where, q is the amount of metal ion adsorbed ingm@/is the initial metal ion concentration in myfc Ce is the
final concentration in mg/ctV is the volume of metal ion solution in liters; M the mass of the leaves of
Lanchocarpus laxifloru spowder used in gram. The percentage Removal aftital ion was also determined using;

Removal% = [(C,-Ce )/Co]x 100 [2]
Where, R% is the percentage of metal removed.

Effect of pH on Immobilized Leaves of LLP

The effect of pH solution on the sorption capaocitymmobilized (LLL, was investigated in this expaent at room
temperature (3C) and equilibrium time of 2 h. 30 émof the prepared aqueous solution was measuredamniaal
flask, followed by the addition of 0.5 g of the gaein the flask. The pH was varied from 3 to 7. Bl HCl or 0.1
M NaOH was used to adjust the pH of the metal @nt®ns to the desired value of interest. The instéutions
containing the biosorbent in the conical flask weedl corked and shake using Gallenkamp flask shike2h and
thereafter the mixture was filtered, and then tbecentration of each metal ions removed was deteunusing
Atomic Absorption Spectrometer, (model, ShimadzGBR0

The effect of contact time on immobilized leaves afLP
The effect of contact time was studied using atiagihtoncentration of 20 mg™L The time intervals chosen for
this experiment were 30, 60, 90, 120, and 150 resut

0.5g of the immobilized leaves sample was separateted with 50cm solution of initial concentration 100 mg L
! The mixture was shaken constantly in a shaké8@atrpm speed for the time period of 30, 60, 9@, Ehd 150
minutes for all the metal ions. At the end of eaohtact time, the mixture was filtered and the emi@tion of the
filtered was determined using AAS.(Shimdzu AA-688pan)

Fixed- bed adsorption column studies

Effect of sample flow rate

Effect of flow rate was investigated in a columrthwvarious liquid flow rate (10, 15, and 20 ml/ mist room
temperature. Working solution of metal ion with 1®@/ L was run through the fixed bed column at masiliquid
flow rates. Effluent at the outlet of column wadlected at predetermined time interval and analysedAS.

Column procedure

A fixed- bed column was made of Pyrex glass tubteon§th 50cm with an internal diameter of 2.5cm anbled
height of 40cm was used for the study. The methodlbet al., 2014 was adopted. Two cm thick of glass wool was
placed at the bottom and top of the adsorptionmalto increase the distribution of the solutionootite adsorbent
surface and maintain a constant flow rate. The @ggienetal ion solution of Ph Cd*, CP*, F&*, * and Nf* ions

at a concentration 80 mg/L was pumped through deard direction in the column at 15ml.rififlow-rate. The
columns were equilibrated with distilled water e tsame flow rate. Fractions collected at reguitervals and
metal ion concentration was analyzed using AAS.e Tblumn study was carried out at room tempergBEC.
The column performance of heavy metals adsorptiobld. was used separately.

Quantitative Separations of Metal lons

Separation of the metal ions was performed by atiogl technique. LLL biomass (40g) was packed itfi@e
different glass column of 2.50 cm i.d., with a glasool support at the end, and washed 2-3 timds dtilled
water. Binary solutions of the metal ions were pregd by mixing 10 mg/ L solution of each ion. Thedoy
mixture (5ml ) was then poured on to the top of ¢bkumn and the solution was left to flow slowlydhgh the
column. The retained metals on the column wereedlwith 40 ml of 1 M HN@and the effluent was collected in
10-mL fractions. The metal ion content of each 10raction was determined by AAS.

RESULTS AND DISCUSSION
Effect of pH on metal ion uptake

The effect of pH in the range 3-7 in the bindingGsf Cd, Ni, Pb, and Fe by LLL biomass was invegtg. The
result of the pH studied was represented in Figufeable 1 shows the maximum pH value on differeatal ions.
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Table 1: The pH for maximum sorption of the metal ons studied by LLL and the corresponding % removahre given below

pH for maximum

Metal ions Sorption apacity %
LLL
Cd 3.0 85.08
Ni 7.0 99.49
Pb 5.0 99.86
Cr 6.0 98.75
Fe 4.0 61.00

It can be seen that Fe was retained in solutidrighter pH compared with other metal ions studiedTdble 1, the
LLL sorption capacity for Fe reaches a maximum&oeat pH 4. The sorption capacity for pb increasteddily as
the pH increased while those of Ni, Cr and Cd desmd sharply and increased as their pH valuesasese At
lower pH values below 5, there was excessive paiton of the active site at LLL surface and thifuses the
formation of links between metal ions and the acsite [9]. At high pH values above 5-7. The Linkédnay have
been released from the active sites and the ads@im@unt of metal ions will generally increase.rirdable 1,
comparing all the metal ions studied by LLL biomahke LLL has a high selectivity for Pb, Cr andviith 99.86%,
98.75% and 99.49% at pH 5, 6 and 7 respectively.cedmium the sorption capacity was low compareBkpCr
and Ni.
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Fig: 1 Effect of pH on sorption of metal ions oi.LL biomass

Effect of Contact Time

The percentage metal bound by the biomasses astoin of time was also determined. The effectaftact time
on the uptake of chromium, iron, cadmium, nicked &ad by LLL biomasses are shown in figure 2. @&tigorption
of metal ions was increased at specific time armbimes constant when it reaches equilibrium. thelraptake is
about 89.94 - 89.98% removal of chromium, 84- 8&haval of iron, 94.23- 95% removal of cadmium, 83.4
94.98% removal of nickel and 97.75- 98.41% rema¥dtad by LLL biomass

Generally, metal biosorption consists of two phasesery rapid initial sorption, followed by a lopgriod of much
slower uptake. During the initial stage of sorpti@an large number of vacant surface sites are dlailéor
biosorption. After some time, the remaining vacauntface sites are difficult to be occupied dueeauisive forces
between the solute molecules adsorbed on the sulfdce and the bulk phase. Besides, the metaki@adsorbed
onto the mesopores that get almost saturated wétfalrions during the initial stage of biosorptidmereatfter, the
metal ions have to traverse farther and deepettl@@ores, encountering much larger resistands.rébults in the
slowing down of the biosorption during the lateripe of biosorption. The results also indicate ttie metal ion
removal by the biomass is relatively rapid forrakttals investigated. The optimum removal of eactehozcurred
between 20-40 min. The non uniform pattern of sorpobserved could be attributed to non unifornfae area or
binding of the biomass [10].
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Fig: 2 : Effect of contact time on metal ion adsorfion by LLL biomass

Breakthrough studies

Effect of sample flow rate

The sample flow rate is very important parametecsiit controls the time of analysis. The retentdrCr** Fe**
Ccd**, Ni?* and PB" on to LLL column was studied at different flowtea of 10, 15, and 20 mL.min

Figure 3, shows the retention of the metals Wwibhchocapus Laxiflorus biomass at different sample flow rate. The
results indicated that, the optimum flow rate foe imetal ions studied is 10 — 15 ml/ min with LLSlower flow
rates than 10ml/ min was not used to avoid longehais time. However, at flow rates greater thanml/ min with
LLL sorbents, a decrease was observed in the efitgi of retention onto the column. Probably becaheemetal
ions couldn’'t be significantly equilibrated, sinée needs longer time with the sorbents. Accordimg the
experimental results, the recovery of all metabiomached 98-99 % at flow rate 10 -15 mL.thiftherefore sample
flow rate of 15mL.mift was chosen for further column experiment in ordeensure better retention along with
relevant duration time. The results of effectsloivfrate are directly correlated to the effectofitact time in the
batch experiment, where the sorbent have showeddasact of sorption with the metal ions.
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Fig: 3 Effect of sample flow rate on the retentio of metal ions
with 40g of LLL column

Breakthrough capacity

Figures 4 shows the breakthrough curve for the wamof metal ions from solution by 40g of each bass in
packed bed column. The breakthrough curves foewifft metal ions at the pH of maximum sorption fibw rate

of 15ml/min are given in Figure 4. All the brealdhgh curves are steep at the breakthrough poiitially there
was very good increases steadily as the columnnibecaore and more saturated. For calculating the€%100
breakthrough time of LLL for each heavy metal, tbe/Co was plotted against different time interfaom the
figure 4, the saturation of the column was achieafter passing of 1.8 — 2.2 L of influent solutioherefore LLL
can remove 100% of all the metal ions up to abad® B. After 1 h the influent and effluent ratio©d, Ni, Fe, Pb
and Cr was between 0.01-0.6 approximately. Thekitineaugh capacity of each sorbent was calculatetyus

g = (Vs0s - Co)/m
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Where My is effluent volume (ml) at 5% breakthrough, Cahis concentration of the inlet solution (mg/ L) and
is mass of adsorbent in grams. Accordingly, theactp (mg/ g) for Cr P(Il) , Fe (Ill), Cd (1), Ni{) and Pb (ll) are
estimated to be 14.3, 12.05, 12.45, 13.75 and 1®ift8LLL, Obviously the capacity of the column generally
good. It can be used to separate metal ions fréutedaqueous solutions. Similar trend was obsebyefd 1]
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Fig: 4 Breakthrough curves for metal ions with LLL sorben at flow
rate 15ml/min, concentration of metal ion solution880 mg/ L

Separation of metal ions

From pH capacity curves, breakthrough capacittes various metal ions confirm that the biomasses ldifferent
selectivity for the metal ions studied. pH of theximum sorption for Ni(ll) and Fe (II), Cr (IlI) andi (1), Pb (II)
and Cr (ll)-Fe (II)-Ni (II) are 7,6 .4 and 6 resptigely. Since their sorption capacities are défgr hence it is
possible to separate these metal ions using Hi¥d@Iluting agents with synthetic solutions. Theltsebtained are
shown in Tables 2 and represented in Figures 3nl46f acid eluent is efficient for almost completesorption of
the retained metals. Also is noted that the filisfjuat of 10 mL elutes more than 70 % of retainexsi on column,
while the remaining eluant volume (30 mL) desortiezirest of ions. The recovery of metal ions wa®8%. The
results indicate that the extraction and elutiotthef metal ions was little affected by the othersioThe separations
are quite sharp and recovery was quantitative apmbducible. The chromatograms of these separagiengiven in
Figs 5. Similar trend was observed by [11, 12].€abjives the results of the analysis of syntheiitures. In all

instances good separations of the various metal vegre achieved and the standard deviations ofebeveries
were low.

Table: 2 Qualitative separations of metal ions on aolumn of LLL biomass

Metal Amount Amount Recovery of Volume of Eluent
ion loaded(ppm) recovered (ppm) etahion %+SD  eluent(ml) used
Ni 10 9.89 99+3 07 40 1.0MHNG; pH 7
Fe 5 4.30 86 +1.34 40
Cr 10 9.87 98+3.04 40 1.0MHNO3 pH 6
Ni 5 4.05 81+0.94 40
Pb 10 9.90 99+3.18 40 1.0MHNG pH 4
rCc 10 9.66 96+2.82 40
rCc 10 9.80 98+3.02 40 1.0M HNQpH 6
eF 10 9.10 91+2.61 40
Ni 5 4.40 88 +1.14 40
D= standard deviation, N=3
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Figures: 5 Eluation Curves for metal ions on LLL
CONCLUSION

The Lonchocarpus Laxiflorus biomass leaves wasessfally applied to preconcentration and deterrionadf Pb,

Cd, Cr, Niand Fe(lll) metal ions. LLL showed gbpotential for the enrichment of these metal ifsos various
matrix as is evident from the column studies. Thtake and stripping of these metal ions on the hibmass was
found to be fast, indicating a better accessibitityPb, Cd, Cr , Ni and Fe(lll) towards the chiglg sites The
separation of binary/ternary mixtures is possiljledntrol of pH or gradient elution. The proposeetihod provides
a simple, sensitive, precise, reliable and accuredthod for the preconcentration and determinatifoRb, Cd, Cr ,
Ni and Fe metal ions. The results show that LLk hahigh sorption capacity for metals studied. bakavior of
both metal ions on LLL depends on pH, the leaveniss enable the separation of all the metals bgimmdM

HNO3 acid as eluent through the column. The biomzesg be regenerated using 1M Nitric acid.
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