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ABSTRACT

A carbonaceous adsorbent prepared from maize cadclytreatment has been tested for its efficianagmoving
Pb(ll) and Ni(ll) ions. The effects of contact tinm@tial concentration and pH have been studiéithe adsorption
followed Pseudo second order reaction equation #mal rate is mainly that of intra-particle diffusiohe
Freundlich and the Langmuir models were appliedht® equilibrium data. The adsorption capacityj@btained
from Langmuir isotherm plots for Lead and Nicketsovere 3.150 and 4.70 (mg/g) respectively. Tparsgon
factors, R for P* (0.0576) and Ni (0.2458) were less than unity, indicating that zeacob biomass is an
excellent adsorbent for the two metal ions. Theogation coefficient, b, which is related to the apgnt energy of
adsorption for PB" (0.5453L/mg) was greater than that of"N{0.1023L/mg). This showed that the energy of
adsorption is not favourable to Pb Ilonic radius influences the rate of adsorptidnnzetal ion migration to the
adsorbent surface. The critical pH values weréhlfotind to be 5.0 for the metal ions.

Key Words: Activated carbon, isotherms, Kinetics, diffusiardanechanism.

INTRODUCTION

The problems of our ecosystem are increasing Wighatdvancement in technology. Heavy metal polluigsoone of
these problems. Toxic heavy metal release intoetivéronment has been increasing continuously assaltr of
man’s industrial activities and technology devel@nt The release of these heavy metals poses ificgighthreat
to the environment and public health because of thgicity, bioaccumulation in the food chain apdrsistence in
nature [1]. Lead is a heavy metal that affectsftimetioning of the blood, liver, kidney and braiishuman beings.
Lead is a component of most industrial and domextints. Nickel which causes gastrointestinalatién and lung
cancer is often obtained from Ni/Fe storage baseiDue to the magnitude of the problem of heaviahpsllution,
research into new and cheap methods of removabé&as on the increase recently. Several workers tepated
on the potential use of agricultural by-productsgasd adsorbents for the removal of metal ions fempeous
solutions and waste water [2]. This process attertgpput into use the principle of using wasteréat waste and
becomes even more efficient because these agriauly-products are readily available and oftenepasste
disposal problems. Hence, they are available & ldr no cost, since they are waste products. Tages the
process of treating waste waters with agriculturglproducts adsorbents more cost effective thanuthe of
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conventional adsorbents like commercial activatedben. In addition, there is no need for a comptida
regeneration process when using agricultural byhpets for waste water treatment [3].

The ability of some agricultural by-products to adsheavy metals from waste water and aqueousiaotuhas
been reported in literature and these include:dbostieed hulls, rice straw and sugarcane bagass&Héh butter
seed husk [5] and cassava fibre [6]. Also, resednghPark et al [7] showed that chemical modificatiof

agricultural adsorbents increased the sorption apgpaf the adsorbent, thereby increasing the igfficy of the
adsorbent.

Maize ¢Zea Mays b is the most important cereal crop in most paftligeria, particularly the Guinea Savannah
zone of the country [8]. Maize is highly yieldingdacheaper than other cereals. It is also a vesatp, growing
across a range of agro- ecological zones. Everygiaghe maize plant has economic value: grainydsastalks,
tassel and cob and all can be used to producgeVariety of food and non- food products [9].

The need to research on this waste and to corhert into agents of environmental control therelooing wastes
is the justification for the present research warkis aim of this study is to investigate the kiodiehaviour, the
mechanism and the equilibrium pattern of activatadon prepared from maize cobs in the adsorptidread and
Nickel.

MATERIALS AND METHODS

2.1 Materials

The maize cobs were collected from the Ahmadu Béhiversity Agricultural Research Farm, Zaria. Thegre
cleaned to remove loose flakes then washed setiemab using tap water and finally distilled watdr.was
subsequently air-dried to remove excess water nbntdie dried samples were crushed in a mortamgusipestle
and sieved between into fine particle sizes (1@ @B8mm). The samples were stored in a clean pahgtbag for
analysis. From 1000mg/L stock solutions of Pb(tjni Pb(NQ), and Nickel(ll) from Ni(NQ),.6H,O, working
solutions of initial concentrations of 5, 10, 151&0mg/L of each metal were prepared using didtillater. All the
reagents used where of analytical reagent grade

2.2 Activation of Adsorbent

The fraction patrticle size between 1.0 mm and 018 was selected and then subjected to a carbonizataress in

a muffle furnace at an optimum temperature of°80f@r 4h. The samples were removed and cooleddiesaicator.

A portion (2g) of the carbonised maize cob was Wedhinto crucible and mixed thoroughly with 2ml@01M
HsPQ, [10] at optimum conditions of temperature and tifoe activation. The activated carbon was then wdshe
with deionised water and soaked in NaHGOIution to remove any excess acid. The samples fuether washed
with deionised water until no acidity was left ethén dried at 10% for 5h [11]. The dried material was ground and
sieved to obtain the particle sizes between 30Q85[12] and stored in airtight container for funtleeperiments.

2.3 Adsorbent Characterization

The adsorbent was characterized by the testindolf@ving properties: Bulk density [13], ash contgh3] and
FTIR analysis. The FT-IR spectra were recorded oishématzu (FTIR-8400) Fourier Transform Infrared
Spectrometer at the National Research InstituteCtogmical Technology (NARICT) Zaria, Nigeria. Thetimated
carbon samples were dried to the constant weighhioven at 5T for 24h and kept in a dessicator. 1mg of the
dried activated carbon was mixed with 100mg of KBiich was initially dried at 1€ in the disk [14]. The FT-IR
scanning range was 450-4000trAll spectra were presented without baseline atioe or normalization.

Adsorption Studies of Metal lons Using Batch Equilbrium Technique

Adsorption studies were performed in 100ml flaststaining 25ml solutions of Lead (1) and Nickell) (lons with
different initial concentrations (from 5-20mg/L)g&al mass of 0.2g each of maize cob activated ocarhith
particle size of 355um were placed were added eontbtal ion solutions and each sample was kephakes for
180 minutes at room temperature of@(15] to attain equilibrium. The flasks were reradvrom the shaker and
final concentrations of metal ions in the solutieere analysed by Atomic Absorption spectrophotoyedt a
desired wavelength of each metal ions. The VARIAfdmic Absorption Spectrometer (AAS) model spe@é®
consisting of double beam, four lamp Torrent Smeuster with a Deuterium background corrector wasdus
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Standard aqueous solutions of different elemente weed to calibrate the AAS machine. The adsarptapacity
at equilibrium q (mg/g) was calculated thus

Q.= G -C) x\/ (2.2)

Where ¢ and G (mg/l) are the liquid phase concentrations of nietas at initial and equilibrium concentrations
respectively. V is the volume of the solution (If)daM is the mass of dry adsorbent used (g). Thecetif pH was
adjusted using O.1M HCI and O.1M NaOH (2 — 10).e Effect of contact time (30 — 180min) was alsadigd. In
order to evaluate the mechanism that controls tsorption process, several equations (i.e. pseustodrder,
pseudo second order intra-particle diffusion, Langnsotherm and Freundlich isotherm model equajonere
tested to interpret the experimental data.

RESULTS AND DISCUSSION

3.1 Characterization of Adsorbent

The bulk density of the activated carbon derivedrfmaize was 0.45g/dirable 1). Generally, carbons with bulk
density of about 0.5g/dirare adequate for sugar decolourization [13]. At#d carbon having bulk densities of
0.47-0.49g\ have also widely used in purification and decdization processes [15]. The activated carbons
produced from maize cob should find use in decdtation processes. The ash content of a carbdmeisesidue
that remains when carbonaceous material is burdtd Ash consists of mainly of minerals such adcail
aluminium, iron, magnesium and calcium, [16]. Tlsé aontent of maize cob activated carbon was faarize 8%
(Table 1).

Table 1: Physicochemical Parameters of the carbon

Parameter Maize cob
Ash content (%) 8
Bulk density g/m  0.4500

3.1.3 FTIR Analysis of Maize Cob

The type and net charge of functional groups bonethe carbon surface is important in understamdire

mechanism of adsorption of ionic adsorbates ovateldl carbons [13]. The adsorption capacity akattd carbon
is influenced by functional groups on the carborfame. The functional groups on the surface ofvattid carbon
analysed by the FT-IR demonstrated the existencaroxyl, hydroxyl and amine groups. The FTIRc$peof the
blank and metal loaded maize cob activated carboms in Table 2. This demonstrates that afteratisorption
the shifting occurs both to higher and lower wawenbers. This shifting indicated that there weredbig

processes, taking place on the surface of activadzbn [17].

Broad band 3750.26 — 3455.76cm-1 represented bo@tiedroups and NH groups [18], 2921.37 — 1952.67cm-
the aliphatic C-H groups, 1952.67 — 1561.07cm-he T=0 stretching group and 1037.01cm-1, P-O-Qcstireg in

a chain. These functional groups could act as a®&nof binding agents where carboxyl, hydroxyl sdine
groups could dissociate negatively charged activiase. This means that these functional groupddcattract the
positively charge objects such as heavy metal (b9

Table 2 Summary of FT-IR results from metal laden ativated carbon

Peak Original Adsorption  PB(ll) Loaded diff AC  Ni(Loaded diff AC Assignment
1. 3750.26 3745.10 +5.16 3740.14 +10.12 Bonded-OH
2. 3455.76 3417.16 +38.60 3438.01 +17.75 Bonded-NH
3. 2921.3° 2914.50-6.87 2921.54 -0.17 Aliphatic C-H groug
4. 1952.67 1957.60 - 4.93 1952.67 +0.00 Aligh&tiH group for anhydride C=0 stretching
5. 1561.07 1452.51 +8.56 1540.40 +20.67 C=0 citieg
6. 1037.0: 1037.67-0.6¢€ 1030.21 +6.8 P-O-C stretchini
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3.2 Effect of Contact Time

Figures 1 and 2 reveal that uptake of adsorbatdespés fast at the initial stages of the contactqul and thereafter,
it becomes slower near the equilibrium. In betwiese two stages of the uptake, the rate of atisorig found to

be constant. This is obvious from the fact thédrge number of vacant surface sites are availfvladsorption

during the initial stage. After elapse of time, tleenaining vacant surface sites are difficult toooeupied due to
repulsive forces between the solute molecules esaid and bulk phases.

The adsorption capacities of Lead and Nickel ineedarapidly in the beginning of the reaction andched

equilibrium in about 90 min. A short contact timecessary to reach equilibrium indicates that tteel@minant
mechanism is that of chemisorption [20].

2.5 ~
o0
Eo ——5mg/L
z - = — =] == 10mg/L
15mg/L
>——— —¢=20mg/L
0 50 100 150 200
time(min)
Figures 1: Effect of contact time for metal ion (Lad)
o0
E” =¢—>5mg/L
:g_ =fi—10mg/L
15mg/I
=>=20mg/L
0 T T T 1
0 50 100 150 200
time(min)

Figures 2: Effect of contact time for metal ion (N¢kel)
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3.3 Effect of Initial lon Concentration

The effect of initial concentration on the extehtdsorption of Pb (Il) and Ni (II) metal ions onrdativated Maize
Cob is shown in Figure 3. It was evident that rietas removal increased with an increase in ih@tncentration.
Figure 3: Effect of initial ion concentration

3.4 Effect of pH

The removal of metal ions from aqueous solutiomatigorption is related to the PH of the solutionthes latter
affects the surface charge of the adsorbents,abeed of ionisation and the species of adsorbgigure 4 showed
that for metal ions such as Pland Nf*, the removal by Activated Maize Cob decreasechaspt of the solution
decreased. The selection of the optimum pH takes account the fact that, if too high a pH valueci®sen
precipitation would occur. This would defeat thergmse of employing adsorption [21]. The optimum s
gotten to be 8.
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Figure 3: Effect of initial ion concentration
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Figure 4: Effect of pH on metal ions
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3.5 Adsorption Kinetics

Frequently used kinetic models (Viz; Pseudo — finster, Largergren’s first order, intra-particldfdsion and the
Pseudo-second order kinetic model) have been téstiEewestigate the adsorption mechanism of Plagid Ni (11)
on activated maize cob. The experimental data fitéstl into the pseudo-second order kinetic modeHo and
McKay [20] and the Largergren’s first order mod&b]. In the pseudo-second order kinetic model of athal
McKay, the adsorption capacity of active sites @ied on the adsorbent and described with the esjores

t_ i i

a kzqe2 qe

Where k (g/mg — min) is the pseudo — second order ratsteoh Largergren’s first order kinetic equatios baen
widely used to describe the solute adsorption eioua adsorbents, and this can be expressed awir2el [25];

K
Lo -g)=Lo -1 24
9(9. —a,) 99, 230%

Where q (mg/g) and g(mg/g) are the amounts of adsorbed metal ion erattsorbent at the equilibrium and at time
t, respectively and;Kmin-i) is the rate constant of first-order adgmmp.

The experimental data were fitted with these twwekc models (Figures 5-7) where, the kinetic pat@nms such as
rate constants and equilibrium adsorption capacdfeadsorption for Pb (1) and Ni (II) are sumnsad in Table 3.
The results illustrated that a linear relationdbépween log (qe — gt) and t could not be obtairticating that first
— order Largergren rate kinetics might not be appate to describe the adsorption. The data seemé&timuch
better with the pseudo — second order kinetics. Rihetic parameters, ge and &re summarized in Table 3.
Extremely good agreements between the resultshenchodel were obtained as illustrated by tRddR the whole
range of initial metal concentrations which, by dadye, confirmed the applicability of the pseudseeond order
kinetics. This finding supported the assumptiothef pseudo — second order model that adsorpticcepsovas due
to chemisorptions [20]. In this case, chemicalogpison could have occurred by the interaction leet polar
functional groups on the adsorbent surface andiials.

3.6 Intra — Particle diffusion model
The possibility of intra-particle diffusion procesgs explored by using the Weber and Morris inteiple
diffusion model [22].

G = kidt1/2 +C 3.1
g = amount of metal ions adsorbed at time t (m@g¥F interceptkyq = intra particle diffusion rate constant (mg/g
min™?). The r-values are found to be close to unityjdating the application of this model. The caltethvalues

of kig for the two systems were maximum for Pb(Il) (0.0a5d minimum for Ni(ll) (0.0087). The intra paitg
diffusion plots are given in Figure 5. The valwésntercept () give an idea about the boundary layer thickngss i
the larger the intercept, the grater is the bounttarer effect [22]1 values were maximum in Pb(ll) (0.8694) and
minimum in Ni(ll) (0.8591) indicating that the bodery layer effect is maximum in Pb(ll) and minimimNi(ll).

Table 3 : Weber And Morris Intra-Particle Diffusion for The Removal of Pb(Il) and Ni(ll)

Constants Pb(Il) Ni(ll)
Kig(mg/g min)  0.015 0.087
1 (mg/g) 0.8694 0.8591
R? 0.9797 0.8331
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Figures 5: Weber and Morris intraparticle diffusion plot for the removal of Pb(Il) and Ni(ll)

1.08 -
1.06 -
1.04 -
1.02 - PN

0.98 -
0.96 -
0.94 -
0.92 -
0.9 -
0.88 . . .

& Pb
ENi

qe( mg/g)

(Time)1/2 (min)1/2

Figures 6: The correlation of the values of Log(R%)xnd Log(time) for the Pb(ll) and Ni (II)
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The values of log (% removal) and log (time) altgstrated a linear relationship which indicateattthe process of
intra particle diffusion, is taking place in thesgsorption system. The divergence in the valuedagfe from 0.5
(min — max = 0.0402 — 0.0673) indicates the procésstra particle diffusion process as one of lingting steps,

besides many other processes controlling the fadsmrption, all of which may be operating simnéausly.
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Table 4: The Correlation Of The Values Of Log ( % Removal) And Log (Time) For The Pb(ll) and Ni(ll) lons

Pb(ll) Ni(I1)

Slope 0.0673 0.0402
Intercept 0.2498 0.2550
R —Values 0.9914 0.8138

3.7 Adsorption Isotherms

The adsorption isotherms of Pb (Il) and Ni () $oon activated carbon are illustrated in Figurd®.7-Adsorption
isotherm is relationship between adsorption capaaitd concentration of the remaining adsorbateoasstant
temperature. Generally, there are two mathemagigaiession used to describe the isotherm of therptisn, the
Langmuir and Freundlich equations [23] is equa{®2)

C,_1 ( C, j

—=— 3.2

Qe Q, (bQ,
Where @, is the maximum adsorption capacity, b is the Lamigntonstant, @ is the amount adsorbed at
equilibrium (mg/g). The linear plots ofQ. versus Ce suggest the application of the Langimaiherms (Figures
7 and 8) values of Qand b were determined from slope and interceptseoplots and are presented in Table §. Q
is a measure of the maximum adsorption capacitsesponding to complete monolayer coverage showedthie
maize cob had a higher adsorption capacity fof" N#.780 mg/g) than Bb (3.150mg/g). The adsorption
coefficient, b that is related to the apparent gnexf adsorption for PB* (0.5453 L/mg) was greater than that of

Ni?* (0.1023 L/mg). This observation showed that tiergy of adsorption is not favourable tPprobably due to
its large ionic radius, hence not all binding sitesy be available to Bb

Furthermore, the extent of adsorption of the twdalseon the maize cob biomass was tested using edbential
features of the Langmuir isotherm model, expresse¢drms of a dimensionless constant called seiparéictor R
which is defined by the following relationship

1
1+bC,

3.3

R:

Where b is the Langmuir isotherm constanptsChe initial metal ion concentration. In theegent study the values
of R (Table 5) are observed to be fractions i.e., i filinge of zero to one which indicates that theruti®n
process is favourable for the two metal ions.

(C50.0576 — 0.2458 3.4
Freundlich isotherm equation
Log @ =log K; + 1/n log G 3.5

Where K = adsorption capacity, (I)norder/intensity of adsorptio. = amount of metal ions adsorbed per unit
mass of adsorbent (mg/g) aB¢d = equilibrium concentration of metal ion (mg/L).

The Linear plot of log gvs. log G shows that the adsorption of metal ions onto ttezencob follows the
Freundlich isotherm model (Figures 9 and 10).dbahdicates that the average energy of adsorpgneases with
increasing adsorption intensity. Values gfafd n were calculated from the intercept and sk are given in
Table 5 along with the Langmuir constants, the eslof n between 1 and 10 represent good adsorpfidhe
adsorbate onto the adsorbent [24].
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Figures 7 : Langmuir isotherm plot for Pb
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Figures 8 : Langmuir isotherm plot for Ni
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Table 5: Sorption Isotherm Constants and Coefficiets of Maize Cob

Adsorbates  Langmuir Constant Freundlich Constant
Qmax (mg/g) b(L/mg) R R Ke(mgl/g) n R

Nickel 4.70 0.1023 0.9572 0.2458 0.4671 1.3407 0.9789

Leac 3.15( 0.545!  0.9¢ 0.057¢  1.048¢ 2.136¢ 0.981¢
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Figures 9: Freundlich isotherm plot for Pb
0.5 +
04 - y =0.745x - 0.330 *
R?=0.978
0.3 -
0.2 -
g 01
bo .
3 0 T T T T 1 & Ni
0.1 0 0.2 0.4 0.6 0.8 1 1.2
-0.2 -
-0.3 -~ V'S
04 -

Log Ce
Figure 10: Freundlich isotherm plot for Ni
CONCLUSION

The mechanism of Pb(Il) and Ni(ll) adsorption omaize cob biomass was found to be based on thenptism of
intra-particle diffusion, controlled Pseudo secomdler mechanism with physisorption being the predant
mechanism. A short contact time necessary to reaglilibrium indicates that the predominant mecbianis
chemisorptions. The adsorptions of metal ionspht@lependent. It was noted that ionic radius dffairien has an
influence in the magnitude of metal loading onddsorbent.

REFERENCES

[1] H.I Ceribasi, U. YetisWaterSA.2001, 27. 15-20.

[2] I.C. Eromosele, O.0O. Otilolay8ulletin of EnvironmentaktontainingToxicology,1994 52. 530-537.

[3] Abia, A.A. and Igwe, J.C. (2005). Sorbent kinetioxl intraparticulate diffusivities of Cd, Pb and i6ns on
maize cobsAfrican Journal of Bio-Technology: 509-572.

[4] W.E. Marshall, E.T. Champagnd. Environ. Sci. Health A995 30, 241 — 261.

[5] I.C. Eromosele, L.D. Abar&ioresoucelechnology1998 50. 23-26.

[6] J.N. Egila, E.O. Okorielournal of chemical Society of Niger200Q 2I(ll). 95-98.

311
Pelagia Research Library



Nale, B. Y.et al Der Chemica Sinica, 2012, 3(2):302-312

[7] J.K. Park, S.S Han, S.H. MiRroceedings of 1st World Congress of the Intermatid®Vater AssociatigrParis.
PP. 6 — 122000

[8] E.J. EkanemNigerian Journal of Chemical Researd®96 1. 61-64.

[9] The International Institute of Tropical Agricultu¢gTA) 2009

[10]C.E. Gimba, N.A. Bahag&hemclass j2004,8, 208-213.

[11]A. Demirbasint J Hydrogen Energy2004, 29, 1237-1243.

[12]M. Ahmedna, W.E. Marshall, R.M. Rao. Bulletin b&tLouisiana State University Agricultural Cen280Q
[13]P. Patnukao, A. Kongsuwan, P. Pavasadmirnal of Environmental Sciencz008 20. 1028 — 1034.

[14]R.R. Bansode, J.J. Losso, W.E. Marshall, R.M. Rd®, PotierBiorosource Technolog2003 89. 115-119.
[15]S. NielsenfFood Analysis, Secondedspen Publishers, inc., Gatherburg, MD. Pp.42486.1998.

[16]P. Pevasant, R. Apiratikul, V. Sungkhum, P. Suttiiganont, S. Watlanachira, T. MarhalBipresource
Technology2003 97. 2321-2329.

[17]B. Stuart,Infrared spectroscopy Fundamentals and Applicatigxsalytical Techniques in the sciences. John
Wisley and Sons Ltd. P 76-82004

[18]B. Volesky.Biosorption of Heavy MetalBoston . CRC Press PP. 240-25290

[19]Y.S. Ho, G. McKayWater Researct200Q 24. 735-741.

[20]S.Y. Quek, D.A.J. Wase, C.F. Forstéfater SA1998 24. 251-256.

[21]Adamson, A.WPhysical Chemistry of Surfackater Science Publisher Dodin Y1B96Q

[22]G. McKay, H.S. Blair, J.R. Gardendournal of applied Polymer Sciend®82 27. 3043 — 3057.

[23]S. Lagergren, K. Bil, SveNatenskapasad. HandlL898 24.

312

Pelagia Research Library



