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ABSTRACT

Locust bean husk (LBH) activated with HPO, was used as an adsorbent to remove Pb?* and Ni?* from aqueous
solution. The effects of varying initial metal ion concentration and adsorbent dose on the adsorption capacity were
identified through laboratory experimental investigations. An equilibrium adsorption experiment at ambient
temperature was carried out and the experimental data of adsorption fitted into Langmuir and Freundlich
adsorption models. The result showed that the amount of metal ion adsorbed onto activated LBH increases with an
increase in the initial metal ion concentration. In the given time duration of 2hours and at the initial metal ion
concentration of 100ppm, Pb?* and Ni?* showed their highest uptake value of 19.85mg/g(79.4%) and
11.10mg/g(57.1%) respectively. For the effect of adsorbent dosage, the maximum adsorbent capacity was at a
dosage of 0.8g, recording adsorption capacity of 4.07mg/g for Pb*" and 2.94mg/g for Ni**. Langmuir model having
higher R? values of 0.961 and 0.952 for Pb?* and Ni®* respectively fitted the equilibrium adsorption data better than
the Freundlich model for the two metals.
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INTRODUCTION

Water pollution may be due to various sources, mgnfiemm sewage, industrial wastes or pesticidesofiufrom
farm land. Such water if supplied directly to com&us without treatment may lead to the spread dénvarne
diseases. Some specific pollutants include indalstfiemicals such as chlorinated hydrocarbons, yheazstals,
including cadmium, lead, chromium, arsenic, mercamg nickel, saline water, bacterial and industriakte [1].
Among these pollutants, the contribution of heaatats to environment is of major concern becausts abxicity,
bioaccumulation, persistence and non-biodegradadilere.

Some of the techniques which have been used iretheval of heavy metals from effluents include éhange,
chemical precipitation, electrodialysis, electrayéxtraction, reverse osmosis, and cementatioesdtmethods are
expensive and in addition have the inability to oes metals at low concentration [2,3]. Comparedhvitie
aforementioned techniques, adsorption has provde tless expensive alternative for the removal efats from
aqueous solution [4]. Literature has indicated plogential of some agricultural waste products axpensive
sorbents. Due to their low cost, after these matehave been expended, they can be disposed lufwitausing
environmental degradation [5]. The aim of this &esk is to study the adsorption of heavy metal$*(Bbd Nf*)
from aqueous solutions by activated locust beank.h0dis aim will be achieved by determining some
physicochemical properties of the adsorbent anthaiag the adsorption capacity of activated loduesin husk for
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these heavy metals by evaluating equilibrium adsmmpsotherms, initial metal ion concentration asmsorbent
dose in order to ascertain the optimum conditiesvall as nature of the adsorption process of thessy metals
(P and Nf*) onto the activated locust bean husk.

MATERIALSAND METHODS

Sample Collection and Treatment.

Locust bean fruit was collected from Kazaure Lagakernment Area of Jigawa State. After collectibmas taken

to Biological Science Department of Ahmadu Belloivénsity where it was identified a@2arkia biglobasa using
method described by Prescott [6]. The locust bemk lvas removed and was washed several times aytlvater
and then with distilled de-ionized water to remawgurities and salts. The LBH was sun —dried aner ldried in

an oven at 61T for 24hours. The dried locust bean husk wasgretind in a mortar and sieved to 180 um particle
size.

Preparation of Activated L ocust Bean Husk

The adsorbent was prepared as described by Hareifiah [7]. About 400 g of the sieved material above was
mixed with 600 cr 1M phosphoric acid (purity 85% Merck, Germany)arplastic container. The mixture was
transferred into copper crucibles and heated imvamn at 10%C for 30 min with occasional stirring before it was
removed and left overnight. After cooling, the wated locust bean husk was repeatedly washed \stitiet! de-
ionized water until the pH of the filtrate fell beten 6.3. The adsorbent was then dried in an ov@0%C for 1
hour and stored in a desiccator.

Preliminary Study

Moisture and Dry Matter Content Determination

Clean silica crucibles were dried in a desiccatat weighed. 1 g of the dry sample was weighedak dried in an
air — circulated oven at 186 for 3hours after which it was cooled in a desiecand then weighed [8].

Calculation

Moisture (%) = Loss in Weight on Drying (g¥ 100 Q)
Initial Sample Weight (g)

Dry Matter (%) = Oven Dry Weight (gK 100 2)

Initial Sample Weidlb

Ash Content Determination

Copper crucible was heated in a furnace afGp6ooled in a desiccator and weighed. Oven dréedpte from the
moisture content determination was used. The cleicintaining the dry sample was placed in a mdiffitaace and
temperature was allowed to rise to $DDAfter 3 hours, it was removed and allowed toldnca desiccator and
weighed [9].

Calculation

Ash (%) =_Ash Weighed (g) X 100 3)
Oven dry weight (g)

pH Measurements
1% (w/v) solution of the sample was made usingllfidtde — ionized water. pH of the supernatant wessured
after 1hour with an Electric pH Meter.

Bulk density
This was done by measuring the volume of distitied— ionized water displaced when 2 g of the samle
transferred into a 50 chof distilled de — ionized water in a 100 tgraduated measuring cylinder [9,10].

Procedure
A 100cn? calibrated measuring cylinder was washed and dBedcni of the water was added to the measuring
cylinder and the volume was noted. A 2 g of thedarnwas transferred into the measuring cylinderesdme of
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the increased water level was recorded. Care wan teb ensure there was no air bubbles before gakitume
measurements.

Calculation
Volume of water displaced (éye final volume — initial volume.

Bulk density (g/cr) = M, (4)
\,
where M, is the mass of the adsorbent (g) anis\the volume of water displaced (§m

Adsor ption experiment

This was carried out by using batch method as de=stin the literature [11]. The investigation wasried out at
ambient temperature (X2) with a basic reciprocating shaker using 120mlythene bottle as the reactor. A
1000mg/l stock solution of each of the metals wapared, from where the working solutions were areg by
serial dilution method. The metals of interest laed from Pb(NG), and nickel from NiSQ6H,O ; the working
concentrations in mg/l for all the metals are 1M,30, 40, 60 and 100 mg/l.

All the solutions were prepared in 0.01M Naf&blution. This was used to maintain constant igmiength of the
solution throughout the experiment. The pH of tlodution was adjusted to the required value througttbe
experiment with 0.1M NaOH and 0.1M HCI.

In order to investigate the effect of concentration the adsorption of metal ions, 0.2 g of theodosnt was added
to 50 ml each of varying concentrations (between1l®mg/l) of the metal ion solutions. The mixtuvas shaken
with basic reciprocating shaker at 150rpm and réiiethrough whatman filter paper. The concentratbrthe
residual metal ion remaining in the filtrates wasedmined using atomic absorption spectrometry (AAS

The effect of adsorbent dose was studied by vartfregadsorbent dose used for the adsorption aifgpptl,
constant concentration (20 mg/l) and agitation tih€ hours at ambient temperature. The dosagesnedered
were 0.4, 0.6, 0.8, 1.0, and 1.2 g. The concentratf the residual metal ion remaining in the ditas was also
determined using atomic absorption spectrometrySAA

The amount of the metal adsorbed was calculatedyuke equation:

Qe = V(G =G) ®)
100M

where @ is the amount of adsorbate ion adsorbed in miéltigrper gram of the adsorbent, & the initial
concentration of the metal ion before adsorptiacess, €is the equilibrium concentration of the metal inorthe
filtrate after adsorption process and M is the niaggram of the adsorbent and V is the volume efgblution in
ml. The percentage metal ion removal (% Rem) whsitzed using the equation:

% Rem = (G—G) X 100 (6)
G

RESULTSAND DISCUSSION

Effect of Initial Metal ion Concentration on Pb?" and Ni** Adsorption
Adsorptions of PH and Nf* at constant adsorbent dose and pH were studigzbat temperature by varying the
initial metal ion concentration (10, 20, 30, 40, 600 mg/l) of each of the metals.

Figure 1 shows the effect of initial metal ion centation on PB and NF* adsorption. The amount of metal ion
adsorbed onto the activated LBH increases witmaregse in the initial metal ion concentrationtHa given time
duration of 2 hours, both metals showed highestimgitake at initial metal concentration of 100 mghe metal
uptake values for lead and nickel are in the rafgk99 - 19.85 mg/g and 1.47 — 14.28 mg/g respelsti Figure 1
indicates that P has a higher uptake value tharf NPrevious reports have shown that with increasiregal ion
concentration, the specific sites are saturatedvadnt sites are filled and at low concentratiadsorption sites
take up the available metal more rapidly while ighkr concentrations metal ions need to diffusthéoadsorbent

2163
Scholars Research Library



Nathaniel Oladunni et al Arch. Appl. Sci. Res., 2012, 4 (5):2161-2173

surface by intra particle diffusion and greatly folgized ions will diffuse at a slower rate [12,18,1The estimation
of the adsorption capacity of the activated LBH viagher carried out by analyzing the isotherm dasing
Freundlich and Langmuir adsorption isotherm models.

Adsorption Modeling

The Langmuir and Freundlich models are the mostnconty used for solid — liquid phase isotherms. Ehes
isotherms relate the amount of metal ion adsorbestjailibrium per unit weight of the adsorbeni(nog/g) to the
adsorbate concentration at equilibrium(rgg/l). According to the Langmuir model, adsorptaecurs uniformly on
the active sites of the adsorbent, and once arrlz@t®ooccupies a site, no further adsorption cke pdace at that
site and this is defined as:

Oc = OnaxP G (7)
1+bg

The linearized form is expressed as

i1=1+ 1 (8)

Oe  Onax D GnaxCe

where Ghax is the amount of adsorbate adsorbed per gramied ddsorbent at equilibrium (mg adsorbate/g afdiri
adsorbent), g« is the constant relating to the maximum amounadsgorbate ion bound per g of adsorbent for a
monolayer (mg/g), lis Langmuir constant or adsorption coefficient ftoe adsorption affinity (I/mg) for binding of
adsorbate on the adsorbent sites apds @quilibrium (residual) adsorbate concentrafiosolution after sorption

(mg/l).

1 1 1
The values of g« and b can be calculated from the intercept— and slope———— of the plot— against

max max e e

1
— as illustrated in Figures 2 and 3 [15]. The isatheonstant and their coefficients of determinatiBh are
e
listed in Table 3.
The Freundlich isotherm model describe non — ideslorption onto heterogeneous surfaces involvintileyer
adsorption and is defined as

0. = K.C)" ©
Its linearized form is given as
1
log @ = log Ke+ —logCe (10)
n

where @ is the amount of adsorbate adsorbed per unit weifjladsorbent, Kis Freundlich constant measuring
adsorption capacity (I/mg),Gs equilibrium concentration of the adsorbentatuson (mg/l), n is constant related
to adsorption efficiency and energy of adsorptioadsorption intensity of the adsorbent.

Figures 4 and 5 shows Freundlich isotherm modeltlier different heavy metal ions adsorption. Thehiemm
constants and correlation coefficientg, Bre also listed in Table 2. A plot of log againsiogC, gives a straight
line with a slope, 1/n and an intercept of. log Khe Ky value increases with the total adsorption capatitthe
adsorbent to bind the adsorbate. The numericalevalun is a useful index to determine favorabilify the
adsorption.

Figures 2 — 5 represents Langmuir and Freundlitimdi of adsorption isotherms of Ptand Nf* respectively on
activated LBH. Table 2 indicates the Langmuir aneluRdlich isotherm parameters for the adsorptiothese metal
ions on activated LBH at 2.

The values of the maximum metal uptake.(yfor PF* and Nf* are 55.5 mg/g and 47.6 mg/g respectively.
Therefore, the order of adsorption can be deduaed Table 2 as follows: Pk Ni** and this is in agreement with
the trend in Figure 1. This can be attributed tanyntactors ranging from types of adsorbent and ibmpdites
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affinity to the metal to be adsorbed etc. The maximmetal uptake (55.5 mg/g) obtained for lead was a
improvement upon 29.7mg/g reported by Kalyetral. [16] for lead adsorption using eggshell powder.

It was observed that the linearized forms of tlitherms (Langmuir and Freundlich isotherm) weredinover the
concentration range studied and the result fiteettieb in the Langmuir model in terms of Wlue, recording 0.961
for lead and 0.952 for nickel. In other words, #wuilibrium data were well represented by Langnisdtherm
equation when compared to Freundlich isotherm sdangmuir isotherm averagely possesses highszlaton
coefficient than Freundlich isotherm. The high d@egrof correlation for the linearized Langmuir rielaship
suggests monolayer adsorption on specific sitasingile surface reaction [16].

1
All the values of—in Table 3 falls within 0 — 1 range which stronglyggest favorable adsorption. The essential
n

features of the Langmuir isotherm was expresseteims of a dimensionless constant called the dxjisifn
parameter, R

Separation Factor, R,

The shape of Langmuir isotherm can be used to grediether the adsorption system is favorable éaworable in
batch process. Separation factor is a dimensiordesstant used in expressing the essential chasiits of
Langmuir isotherm. Separation constant, iR defined as

_ 1
1+ bC,

Where b is the Langmuir constant (I/mg), i€ the initial metal ion concentration of the stéel metal (mg/l), It is
known that R values between 0 and 1 indicate favorable adsorti7,18].

R. (11)

Figure 6 shows the separation factor for adsorptbrthese metal ions onto activated LBH over theolh
concentration range studied. It was observed th#te concentrations of the metals increased,gparation factor
decreased for each metal. The lower the separéditior the more effective the adsorption [19]. Heparation
factor values were all found to fall between 0 wHich indicate favorable adsorption. Hence, the tredfective
adsorption was achieved at 100 mg/| for both metatsthe sorption of Pbwas the more effective since it has the
smaller separation factor. From Figure 6, the ocdeffective separation can be deduced &&PKi%".

Effect of Adsorbent Dose on Pb?* and Ni** Adsor ption

The efficiency of metal removal is significantlyflutnenced by the amount of adsorbent used [15]. Heigushows a
graphical representation of effect of adsorbenedms PB* and Nf* uptake respectively. A trend of increment in
adsorption capacity with increment in adsorbentedess observed from 0.4 to 0.8g. Adsorbent recoraed
maximum capacity of 4.07 mg/g (81.4%) forPand 2.94 mg/g (58.7%) for Niat 0.8 g dosage. Further increment
of adsorbent above 0.8g resulted in a decline soigdion capacity. The initial increment in adsmmptcapacity
with increase in adsorbent dosage was expecteck sire number of adsorbent particles increasedfarsimore
surface area was available for metal attachmemeSeend was reported by earlier researchers [20,21

It is plausible to suggest that with higher dosafj@adsorbent there would be greater availabilityerthangeable
sites for metal ions as noted by Babel and Kurnief22] and Najuaet al. [23]. Further increment in adsorbent
dosage beyond maximum adsorption capacity at ®8gber resulted in a decline in capacity as shawFigure 7.
This reduction in capacity had been explained as ttu overlapping of the adsorption sites as a testll
overcrowding of adsorbent particles beyond thenopth dose [23,24]. Moreover, the highest dosagedcioopose

a screening effect on the dense outer layer ofélis, thereby shielding the binding site from nefa5]. From Fig.
7, it was observed that all the heavy metals shaaveique adsorption behaviour at the various &estrdosage as
different uptake value was recorded for each oftle¢al ion at various adsorbent dosage.

Table 1: Physicochemical parameter s of the Locust Bean Husk

Parameters LBH
Dry matter content (%) 91.8
Moisture content (%) 8.2

pH of 1% Solution 6.21
Bulk Density (g/cr®) 0.4¢
Ash Content (%) 3.5
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metal uptake (mg/g)

25 +
20 -
15 -
—4—Lead
== Nickel
10 -
5 .
0 T T T T T 1
0 20 40 60 80 100 120
Initial metal conc. (mg/I)
Figure 1: Effect of Initial Metal |on Concentration on Pb?" and Ni?* Adsorption.
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Figure 2: Langmuir Adsorption Isotherm for Pb®" Adsor ption
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Figure 3: Langmuir Adsorption Isotherm for Ni?* Adsor ption.
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Figure4: Freundlich Adsor ption I sotherm for Pb* Adsor ption.
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Figure5: Freundlich Adsor ption I sotherm for Ni** Adsorption.
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Figure6: Separation Factor, R, Variation with Concentration(mg/l) on Adsor ption of Pb?* and Ni?*
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Figure 7: Effect of Adsorbent Dose on Pb® and Ni** Adsor ption

Table 2: Langmuir and Freundlich isotherm constantsfor the adsor ption of all the Selected M etal ions on activated L ocust Bean Husk

Metals Langmuir Constant Freundlich Constant

dmax(MY/9) b(Img™) b(Imol™) R? 1/n K(/g) R?
Lead 55.55 0.020 4144.0 0.961 0.998 0.7900 0.958
Nickel 47.60 0.008 463.65 0.952 0.599 1.0000 0.852

(Gmax- is the maximum metal uptake (mg/g), b, is Langmuir constant (I/mg) K is Freundlich Constant measuring adsorption capacity(L/mg),
and n, isconstant related to adsorption efficiency and energy of adsorption or adsorption intensity of the adsorbent.)
CONCLUSION

This research showed that activated locust beak isuan effective adsorbent for Pband Nf* removal from
aqueous solution. It was observed that the uptékieeoselected heavy metal ions by activated LBttéases with
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increasing initial metal ion concentration. Theiopim dosage for the removal of Pland Nf* by activated LBH

was found to be 0.8g, recording adsorption capaxit.07 mg/g for P8 and 2.94 mg/g for NKi. Hence, the batch
studies conducted in this present work provideal vitformation, that Adsorption of Pband Nf* by activated

LBH is dependent on initial metal ion concentrataom adsorbent dosage.

Langmuir and Freundlich isotherm models were usedhie mathematical description of adsorption ef $klected
heavy metal ions by activated LBH and it was fotimat Langmuir model having highef Ralues of 0.961 and
0.952 for PB" and NF* respectively fitted the equilibrium adsorption alahore than the Freundlich model for the
two metals. The maximum metal uptake. 4 for P and Nf* are 55.5 mg/g and 47.6 mg/g of the dry weight of
the activated LBH respectively at adsorbent dos8.®fg and initial metal ion concentration of 20mgfom the
isotherm constants, it was also observed thatrémeltof metal affinity for activated LBH surface svel5* > Ni®".
Hence, adsorption of these heavy metals by theatetd LBH is a monolayer sorption process.
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