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ABSTRACT

Thekinetics, equilibrium and thermodynamic of the biosorption of Cr (V1)
and Pb (I1) ions onto corncob from agueous solution were investigated.
Optimum experimental parameters were determined to be pH 5.8 for Pb (I1)
and pH 2.0 for Cr (VI), contact time of 80 min, and temperature 25 °C. The
maxi mum biosorption capacity of the biomasswas found to be 8.07 mg g*
for Cr (V1) and 9.05 mg g for Pb (I1). Upon treatment with oxalic acid, the
values of maximum biosorption capacity for Cr (V1) and Pb (1) werefound
to be 10.74 and 10.27 mg g* respectively. The kinetic studies showed that
the biosorption process of the metal ions fitted well with second order
model. The calculated thermodynamic parameters (AG°, AH® and AS°)
showed that the biosorption of Cr (V1) and Pb (I1) ions onto corncob biomass
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is feasible, spontaneous and exothermic in nature.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Heavy metals presencein the environment is of
major concern dueto their extremetoxicity. Their
accumulationsinthefood chain, even at relatively
low concentrations pose threats to human, plantsand
animals. According to the United States Environmen-
tal Protection Agency (USEPA) list of organic and
inorganic pollutants of 1978, antimony, arsenic, be-
ryllium, cadmium, chromium, copper, lead, mercury,
nickel, selenium, silver, thallium and zinc constitute
serious health hazards, when found in wastewater.

Variousindustria processeshad beenidentified as

sources of lead contamination inwastewater whichin-
dude: battery manufacturing, printing and pigment, meta
plating and finishing, ammunition, soldering materid,
ceramicand glassindustries, iron and sted manufactur-
ing unitg*®. Exposureto lead causes severedamageto
kidney, nervoussystem, reproductivesystem, liver and
braininman. Similarly, chromiumisatoxic meta with
many in-dustrial applications. Although, it exist in two
oxidation states— Cr (IIT) and Cr (VI) — the hexavalent
formisconsdered to be dangerousto human owingto
itsmutagenic and car-cinogenic propertiest”. Also Cr
(V1) hasbeen indicated to cause severediarrhea, ul-
cers, eyeand skinirritation, kidney dysfunction and
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probably lung carcinoma®?. Itsusesinclude: € ectro-
plating, tan-ning, textile dyeing and as a biocide in cooling
water of power plants, al these culminatedtothedis-
chargeof chro-mium containing effluents.

Sincemost heavy meta ionsaretoxictolivingor-
ganismsand arenon-degradable, they arepersistentin
theenvironment. Therefore, their diminationfromwage-
water isimportant to protect public hedlth. Varioustresat-
ment techniques and processes havebeenusedtore-
movethepollutantsespecidly metd ionsfrom contami-
nated water some of which include; reverse osmo-
sis, ion exchange, reduction precipitation and lime co-
agulation. Thesemethodsareineffectiveat lower con-
centrationsof metal ionsand also generatelarge quan-
tity of toxic sludge, whichisto bedisposed in further
stepgta,

Amongdl the proposed dterndives, sorptionisone
of themost popular methodsand is currently consid-
ered asan effective, efficient and economica method
of wastewater purification. Biosorptionisardatively
new processthat hasproven very promisinginthere-
mova of contaminantsfrom aqueouseffluentsusinglow-
cost adsorbents derived from agricultura material 9241,
Compared with conventional treatment methods,
biosorption ischaracterized by low-cog, high efficiency,
minimization of chemica and/or biologicd dudge, re-
generation of biosorbent, no additiond nutrient require-
ment, and possibility of metal recovery. Agriculturd res-
duesarelignoce lulos csubstances, containingthreemain
sructura components: hemicdluloses, cdluloseandlig-
nini34, 171(2008) investigated the sorption of Pb (11),
Cu (1), Zn (I1) and Ni (1) on alignin isolated from
black liquor, awaste product of the paper industry, and
found that lignin had affinity tothemetd ionsinthefol-
lowing order: Pb (11) > Cu (11)> Cd (1) >Zn (1) >Ni
(). The sorption of Cd (1) from agueous solution by
ricehusk, asurplusagricultural byproduct wasasoin-
vestigated by Kumar and Bandyopadhyay™. They re-
ported anincreasein the sorption capacity of rice husk
upon simpleand low-cost chemica modifications.

Recently, we havereported the biosorption of Mn
(11 from aqueous sol ution using corncob biomass, in
this study, corncob biomasswas used as abiosorbent
for theremoval of Cr (V1) and Pb (I1) ionsin aqueous
solutionin batch processes. In order to understand the
nature of the sorption process, kinetic data, equilibrium

isotherms and thermodynamic parameters have been
evaluated, the effect of parameters such as pH,
bi osorbent dosage and desorption study werea so re-
ported.

MATERIALSAND METHODS

Biosor bent preparation

Corncob was collected from the University of
Agriculture’s Farm, in Abeokuta Nigeria. It was washed
withdidtilled water and cut into smal pieces. Thepieces
wasblended extracted with hot water severd timesuntil
the supernatant was colourless, and dried at 105 °C.
Thebiomaterid wassevedto obtainaparticleszerange
of 150 - 500 um, this was stored in clean air-tight con-
tainers. Themateria wasdivided into two parts. One
part was used raw, while the other was treated with
oxalic acid asearlier described@. The concentrations
of Cr (VI) and Pb (1) in the adsorbent were deter-
mined by placing 1g of the adsorbent in 10 ml de-ion-
ized water for two hourswith continuous agitation, af-
ter which it was centrifuged at 2000 rpm. The superna-
tant was analysed using aflame Atomic Absorption
Spectrophotometer (FAAS) Buck Scientific 310VGP.
The proximate analyses of the corncob used for this
study ispresentedin TABLE 1. The sorbent wasfur-
ther characterized with FTIR analysisbeforeand after
theexperiment.

Prepar ation of aqueoussolution of metal ions
Theagueous solutionsof Cr (V1) and Pb (1) metal

TABLE 1: Proximateanalysisof thecorncob

Par ameter % composition
Moisture contents 5.9
Crude protein 18.43
Ash contents 2.8
Crudefibre 0.86
Carbohydrate 68.71
Fat contents 3.3

ionswere prepared from anaytical gradesof K, CrO,
and Pb (NO,), respectively. 1000 mg L™ aqueous so-
lutions (stock solutions) of these saltswere prepared
with de-ionized water in 1% HNO, solutionand these
stock solutionswerediluted with de-ionized water to
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obtain theworking standard solutions. The pH adjust-
ments of the solutionswere madewith aiquotsof 1.0
mol L of HCl and NaOH, The pH of the solution was
checked onaRadiometer PHM 85 Research pH meter,
which had earlier been standardized with standard buffer
solutions pH 4.00 and 7.00.

Equilibrium studies

Equilibrium adsorptionisothermswere performed
inabatch processasearlier described?. Theamount
of meta ion adsorbed by the biosorbent at equilibrium,
ge(mgg-1), wascdculated using equation 1 bel ow:

q = Ce=CV )
¢ w

where Co and Ce (mg L) are the liquid-phase con-

centrations of themetal ionat initial and equilibrium,

respectively. V isthevolumeof thesolution (L), and W

isthemass of dry adsorbent used (g).

Batch kinetic studies

The procedures of kinetic experimentswerebasi -
caly identical tothoseof equilibriumtests. Theaque-
ous samplesweretaken at preset timeintervals, and
the concentrationsof themeta ionsweresmilarly mea-
sured. Theamount of metal ion adsorbed at timet, gt
(mgg-1), wascal culated with equation 2:

(C,-CyVv
Q=W @
where Co and Ct (mg L) are the liquid-phase con-
centrationsof themetal ion at initial and at timet, re-
gpectively. V isthevolumeof thesolution (L), and W is
the mass of dry adsorbent used (g).

Desor ption studies

In order to know if the adsorption processisless
economical, regeneration of the exhausted biosorbents
isnecessary. After the attainment of equilibrium, the
supernatants were decanted and desorption experi-
ments were carried out. The used biosorbents was
washed with 40 mL of distilled-deionized water for 5
minutesfollowed by drying in an oven at 80 oC and
cooled at room temperature. Thereafter, 20 mL of 0.5
M of HCI was added as a desorbing agent to each of
thebiosorbent contained inaconica flask. Themixture
was placeon arotator shaker at a speed of 150 rpm
with acontact time of 60 minutes. After removingthe
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conica flask from the shaker, solutionswere decanted
and diluted prior to analysisby AAS. To regenerate,
the sample procedure wasfollowed for three cycles.
After each adsorption and desorptions, the biosorbent
waswashed with distilled-deioni zed water and recon-
ditioned for adsorption in the succeeding cycle.

RESULTSAND DISCUSSION

Char acterization of thebiosor bent

Figure 1 showsthe FTIR vibrational spectra of
corncob. The wide band with maxima at 3416 and
3405 cm* wereassigned to the stretching of O-H and
N-H groups of macromolecular association, the band
at 2864 cm* wasassigned to—CH- bond of methyne
group presented in the corncob structure. The sharp
band observed at 1734 cm* was assigned to aC=0
bond of carboxylic acid that isusually present infiber
material s containing pectin. The strong peak that ap-
pearsat 1653 cnrtisC-O stretching vibration of acar-
boxylic acid that existsin withintermolecular hydro-
gen bond. The sharp peak observed at 1516 cmt is
assigned to C — C ring stretch of aromatic rings. In
addition the band of 1429 cm* confirmsthe presence
of C=C of aromaticrings. Severa bandsrangingfrom
1314 to 1041cm? refer to C O bonding of phenols.
TheFTIR datacorroborated the proximateanalysisand
confirm thefunctiona groupsin the biosorbent!”.

Effect of hydrogen ion concentration

Theresults show that corncob biosorbed substan-
tial quantity of Cr (V1) at lower pH, however, it was
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Figurel: FTIR spectraof corncob beforeadsor ption
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observed that the extent of sorption of chromiumions
by the bi osorbent decreaseswithincreasein pH. Fig-
ure 2ashowsthat maximum sorption was observed at
the pH 2.0 with the percentage sorption of 72.6 for
raw biosorbent (UTCB) and 75.6 for oxdic acid modi-
fied biosorbent (ATCB). Minimum sorption of 11.8 %
wasobservedfor UTCB at pH of 7.0whilethat ATCB
was13%at pH of 9. Cr (V1) occursintheform of oxy
anionas HCrO; , Cr,0%, Croz, Cr,0% and cr,0%,
thelowering of pH causesthe surface of the sorbent to
be protonated to alarge extent. Thisresultsinastron-
ger atractionfor negatively charged Cr complex ions
inthe solution. Hence, the sorptionincreaseswith the
decrease pH of the solution. But asthe pH rises, the
concentration of OH- ionsincreasesand overal charge
on the sorbent surface becomes negativewhich causes
hindrancein the sorption of negetively charged Cr com-
plex ions, resultingin the decreased sorption of Cr (V1)
at higher pH 2.

Figure 2b showsthe pH dependence biosorption
of Pb (I1) ion by UTCB and ATCB, the maximum
absorption was obtained at pH of around 6 for the
two bi osorbents. However, oxalic acid modification
improves the biosorption of Pb (1) on to the corn-
cob. While the maximum sorption of 68 % wasre-
corded for the raw biosorbent, 76 % was recorded
for the oxalic acid modified sorbent. The sorption ca-
pacity increaseswith increase pH with minimum at
pH of 2, asthe pH approaches 7, sorption capacity
beginsto fall. Thishasbeen attributed to the forma-
tion of hydroxide of lead at alkaline pH™.

Effect of biosor bent dosage

The study of effect of biosorbent dosagesfor re-
moval of Cr (VI) and Pb (I1) from aqueous solution
was carried-out at different adsorbent doses ranging
between 0.20— 3.0 g using 100.0mg L of themetallic
ion solutions. It was observed that quantitative remov-
alsof themetalicionswere attained for biosorbent
dosages of at least 0.8 gfor Cr (V1) and 0.7 gfor Pb
(I1) (seeFigure2c). Theinitid increasesinthe percent-
age of metallicionsremoval with biosorbent dosages
could beattributed to increasesin the adsorbent sur-
face areas, augmenting the number of adsorption Sites
availablefor adsorption. For biosorbent dosages higher

than the optimum dosage va uesfor themetd ionsstated
above, decreasein the percentage of metallicionsre-
moval may be due to the concentration gradient be-
tween adsorbate and bi osorbent with increasing biom-
ass concentration causing adecreasein theamount of
metallicion adsorbed per gram of biomass®.

Biosor ption kinetics

Adsorption kinetic study isimportant in treatment
of aqueouseffluentsasit providesva uableinformation

80

4

10 —e—% Cr sorbed by UTCB

—8—% Cr sorbed by ATCB

—4—2% Pb sorbed by UTCB

~#—2% Pb sorbed by ATCB

pH

——% Cr sorbed by UTCB

==% Cr sorbed by ATCB
% Pb sorbed by UTCB
—=—% Pb sorbed by ATCB

% metal biosorbed
(=]

40

0.2 0.7 12 L7
biosorbent dosage (g)

Figure?2: pH (aand b) and Dosage (c) dependenceof sor ption
of Cr (VI)and Pb (11)ion ontoraw and oxalic acid treated
corncob.
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on thereacti on pathways and in themechanism of ad-
sorption process. Many kinetic model s had been de-
veloped inorder tofind intring ¢ kinetic adsorption con-
stants, traditionaly, the kineticsof metal ionsadsorp-
tionisdescribed following theexpressionsoriginaly
given by 23(1898). A smplekinetic andysisof adsorp-
tion under the pseudo-first-order assumptionisgiven
by equation 3 below:

& kg, -a,) @
wheregeand gt aretheamountsof Cr (V1) and Pb (I1)
ionsbiosorbed (mg g-1) at equilibrium and at timet
(min), respectively, and k1 therate constant adsorption
(min-1), andtisthecontact time(min). Theintegration
of Eq. (3) withinitial conditions, qt=0att=0, andqt

Time (min)
0 10 20 30 40 50 &0 70 80

In{qe - qt)

#50mg/L of Crby UTCB
4 150mg/L of Cr by UTCB
4 ¥ 250meg/L of Cr by UTCB
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® 300mg/L of Cr by UTCB
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=qtatt=t,yieldsequation 4:

In(q.—a,)=Ing,—k;t 4)
Valuesof k1 werecalculated fromtheplotsof In (ge-
qt) versust (Figure 3) for different concentrationsof Cr
(VI)andPo (Il) ions. Thecorrdation coefficient va ues
ranged between 0.81 and 0.97. It is obvious from
TABLE 2 that, the experimental ge valuesare not to-
tally inagreement with the ca culated ones. Thisshows
that, although, the biosorption processfitted somehow
well with pseudofirst-order kinetics, but unacceptable
duetothedigparity intheva uesof experimentd geand
caculated ge.

A second-order kinetic mode isbased onequilib-
rium adsorption’® and it is expressed as shown equa-
tion5:

o #50mg/L of Pb by ATCE M 100mg/L of Pb by ATCB 1
A 150me/L of Pbby ATCE < 200me/l of Poby ATCB 4

I 250mg/L of Ph by ATCB @300mg/L of Po by ATCB

B ‘_,.
=] =]

t/qt (min g mg™)
[
=
L
Y
A\

Time (min)

¢ CrinUTCB M CrinATCB 4 PbmUTCB  <Phin ATCB 1.95

1.95 -

- 1.85

T T T T 175
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Logt

Figure3: Kineticisothermsfor thebiosorption of Cr (V1) and Pb (11) ions(a) pseudofirst order (b) pseudo second or der (c)

Elovich M ode (d) Intraparticulatediffuson mode.
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wherek2 (g mg-1 min-1) istherates constant of sec-
ond-order adsorption. If second-order kineticsisap-
plicable, the plot of t/q versust should show alinear
relationship (Equation 5). Thereisno need to know
any parameter beforehand and ge and k2 can be de-
termined from thed ope and intercept of theplot. The
linear plots of t/q versust (Figure 3b) show agood
agreement between experimental and calculated ge
vaues(TABLE 2). Thecorrelation coefficientsfor the
second-order kinetic model ranged between 0.929
and 0.992 indi cating the suitability of the pseudo sec-
ond order kinetic equation model. Therefore, the
biosorption process of Cr (V1) ion and Pb (1) on
corncob is second-order in nature.

Satistical test for thekinetic data

Although, theR2i.e. thecorrd ation coefficientswere
used to comparethe data, the modelswerea so eva u-
ated further by the percentageerror functionwhichmea
suresthedifferences(% SSE) intheamount of the me-
tallicmeta ion up taken by theadsorbent predicted by
the models, (gcal) and the actual, i.e. gexp measured
experimentallyi?. Thevaidity of each mode wasdeter-
mined by thesum of error squares(SSE, %) given by:

(%) = Ay
- N (6)

where, N isthenumber of datapoints. Thehigher isthe
vaueof R2 andthelower isthevaueof SSE; the better
will bethegoodnessof fit. From TABLE 2, thelower
va uesof % SSE further confirm theacceptability ofthe

% SSE =

TABLE 2: Kinetic parameter sof Biosor ption of Cr (V1) and Pb (1) using cor ncob biomass

Cr (V1) Biosorption with raw corncob

Cr (V1) Biosorption with treated corncob

Pb (1)) Biosorption with raw corncob Pb (I1)) Biosorption with treated corncob

Conc (mg/L) 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
Pseudo first order kinetic model

G (exp) 110 219 324 420 570 570 110 224 331 420 610 640 100 224 380 457 560 614 110 220 340 460 588 6.40
Qe (calc) 078 179 272 348 443 478 068 174 302 291 370 426 082 171 289 381 387 49 075 164 281 341 487 448
k1 0.031 0.040 0.038 0.035 0.023 0.034 0.028 0.041 0.045 0.035 0.030 0.025 0.038 0.034 0.026 0.051 0.040 0.039 0.030 0.045 0.051 0.053 0.045 0.036
R? 0.920 0.930 0.930 0.900 0.930 0.920 0.810 0.930 0.880 0.910 0.870 0.900 0.950 0.940 0.930 0970 0.940 0.900 0.880 0.950 0.970 0.960 0.830 0.930
%SEE 0.054 0.066 0.087 0.121 0.212 0.153 0.070 0.083 0.048 0.216 0.400 0.357 0.031 0.089 0.152 0.127 0.289 0.196 0.059 0.093 0.099 0.198 0.169 0.321
Second order kinetic model

Qe (calc) 1113 2268 3.361 4.312 5618 5882 1.088 2311 3446 4.252 6.042 6.270 1.074 2289 3810 4.771 5724 6.309 1.099 2304 3574 4.780 5949 6.515
ko 0.122 0.057 0.035 0.026 0.016 0.018 0.145 0.064 0.038 0.038 0.031 0.022 0.100 0.057 0.026 0.036 0.032 0.022 0.130 0.073 0.045 0.045 0.027 0.025
R? 0974 0974 0966 0.960 0.929 0.959 0.967 0980 0975 0.979 0.983 0.970 0.969 0.974 0948 0988 0.988 0.978 0.967 0.98 0.98 0992 0982 0.985
%SEE 0.002 0.013 0.020 0.019 0.014 0.030 0.002 0.012 0.023 0.009 0.010 0.022 0.012 0.008 0.002 0.033 0.021 0.028 0.000 0.017 0.029 0.030 0.011 0.019
Elovich Model

A 0495 0.875 1.007 1259 1.041 1459 2678 1.361 1.248 4.405 10.14 2807 0.187 0.862 0.931 2669 6.389 2254 0.749 1578 1.646 4.572 3.869 3.789
B 5141 2449 1571 1227 0.857 0.865 7.342 2618 1581 1593 1202 0911 4155 2412 1345 1221 1176 0.851 5731 2666 1564 1334 1011 0.909
R? 0.881 0.916 0.898 0.876 0.816 0.890 0.642 0.898 0943 0.863 0.895 0.894 0.961 0.924 0.840 0971 0.942 0.961 0.819 0.937 0.948 0.938 0.940 0.956
Intraparticulate diffusion

K 35.205 29.444 26.878 26.971 24.166 22.387 40.031 33.978 29.282 36.358 37.316 30.627 35.441 40.579 32.085 24.194 29.499 26.897 40.607 37.008 35.826 34.332 43.082 27.756
A 0202 0.239 0255 0.245 0.267 0.267 0.175 0.212 0245 0.180 0.163 0.211 0.216 0.178 0.225 0.282 0.241 0.248 0.193 0.203 0.216 0.206 0.181 0.241
R? 0923 0.944 0928 0914 0.936 0.932 0.872 0913 0963 0910 0945 0.986 0.979 0.953 0.942 0977 0957 0.984 0.936 0.927 0.948 0.925 0972 0.904

Conditions: Temperature was fixed at 25 °C, pH 5.8 for Pb (I11) and pH 2 for Cr (V1) biosorbent dosage 1.0 g.

pseudo second order kinetic mode.
TheElovich equation

TheElovich equationisbased on equilibrium ad-
sorptionanditisgeneraly expressed asshown by equa-
tion 7127

a,= Jgin(@p)+ Jgin(t) 0

wherea is the initial adsorption rate (mg g-1 min-1), 8
isthedesorption constant (g mg-1) during any experi-
ment. If theadsorption fitsthe Elovichmoddl, apl ot of
gt vsin(t) shouldyield alinear rd aionshipwithasope
of (1/B) and an intercept of (1/B)In (af). The graph of
the Elovich model for the biosorption of the Cr (V1)

acid treated corncob biomass at 25 oC is shown in
Figure 3c. Thevaluesof R2 for the parameters of the
Elovich model show that the datadoes not fit well for
Cr (V1) ion biosorption thereby suggesting that the pro-
cessisnot purely chemisorption. However, thePb (11)
bi osorption onto the biomass could besaid to involve
chemi sorption process.

Theintraparticlediffuson model

Theintraparticlediffuson modd isexpressedasin
equation 8:

R=K,t? (8)
Thelinearised form of equation 8iswritten asfollow:
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logR=1logK,, +alogt 9)
where R isthe percentage metal ion biosorbed, tis
the contact time (min), “a” is the gradient of linear
plots, Kidistheintraparticle diffusion rate constant
(min-1), “a” depicts the adsorption mechanism. Kid
istaken as arate factor, i.e. percentage metal ion
bi osorbed per unit time. If the mechanism of ad-
sorption fitstheintraparticle diffusion model, then a
plot of 1og R against 1ogt will yield astraight line
(Figure 3d) with aslope‘“a” and an intercept of 1og
Kid. Theintraparticle diffusion model for the ad-
sorption of the Cr (V1) and Pb (I1) ions by the raw
and treated corncob biomass at 25 oC isshownin
Figure 8 below. The curves show akind multi-lin-
earity for thetwo metal ions, whichimpliesthat the
adsorption processinvolves more than onekinetic
stage (or sorption rates)™¥. Thevalues of Kid were
cal culated from the slope of such plotsand the R2
valuesledto the conclusion that theintraparticledif-
fusion processistherate-limiting step. Higher val-
ues of Kidillustrate an enhancement in the rate of
biosorption; such high Kid valuesillustrate abetter
adsorption mechanism, whichisrelated to an im-
proved bounding between the metal ions and the
biosorbent particles (TABLE 2).

Adsorption isotherms

An adsorptionisotherm representsthe equilibrium
relationship between theadsorbate concentrationinthe
liquid phaseand that ontheadsorbentssurfaceat agiven
condition. A number of isotherms have been devel oped
to describeequilibrium relationships. Inthe present study,
Langmuir, Freundlich, Temkin, Dubinin-Radushkevich
(D-R) models were used to describe the equilibrium
data. Theresultsareshownin TABLE 3 and themod-
eledisothermsareshowninFigure4 (a—c).

Thelangmuir isotherm model

Langmuir, in 1918 observed sorption phenomena
and suggests that uptake occurs on a homogeneous
surface by monolayer sorption without interaction be-
tween adsorbed mol ecul es. He proposed the sorption
isotherm based on the assumptionsthat (i) adsorbates
arechemically adsorbed at afixed number of well de-
fined sites, (ii) each site can only hold one adsorbate
specig, (iii) al stesareenergeticaly equivdent and (iv)
that there are no interactions between the adsorbate

—= Fyll Poper

Species.
TheLangmuir isotherm equationiswrittenas:
- Qmaxbce
Ge= 1+bc, (19

where Ceis the supernatant concentration after the
equilibrium of the system (mg L %), bthe Langmuir af-
finity constant (L mg-1), and Qmax isthe maximum
adsorption capacity of thematerial (mgg-1) assuming
amonolayer of adsorbate uptaken by the adsorbent.
Thelinear form of the equation can bewritten asin
equation 11 below.

o oV, )

The shape of the Langmuir isotherm can be used to
predict whether asorption systemisfavorableor unfa-
vorablein abatch adsorption process. Thevalues of
R2in TABLE 3for Langmuir Isotherm show that Cr
(V1) have abetter fitting than the Pb (11) ion.
Theessentia featuresof theisotherm can aso be
expressedintermsof adimensionlessconstant separa
tion factor (RL) that can be defined by therelationship
inequation 129,
R, = L
(1+bc;)
whereCi istheinitia concentration (mg/L). Thevalue
of separation parameter RL providesimportant infor-
mation about the nature of adsorption. Thevaueof RL
indicated thetypeof Langmuir isothermto beirrevers-
ible(RL =0), favourable (O<RL <1), linear (RL =1)
or unfavourable (RL > 1). It can be explained appar-
ently that when b > 0, sorption systemisfavorabl €91,
Thevauesof RL inthisstudy arepresented in TABLE
3anditimplied that the processisfavourable, how-
ever, Cr (V1) datafitted well than those of the Pb (11)

ion (Figure4a).
Thefreundlich isotherm mode

(1)

(12)

The Freundlichisotherm isbased on the assump-
tion of non-ideal adsorption on heterogeneous surfaces
andthelinear form of theisotherm can be represented
asinequation 1314

lOQqe=|ogKF+%logCe (13)

where, KFisthe Freundlich constant rel ated to sorp-
tion capacity ((mgg-1) (L g-1))/nand nisrelated to
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TABLE 3: TheAdsor ption isother msof biosor ption of Cr
(VI)and Pb (1) on cor ncob biomass

Cr (VI) Pb (I1)
Acid Acid
Biir?wvc\sl\ss Treated Biiriv;ss Treated
Biomass Biomass
Langmuir Isotherm
gmax (mg/g) 8636 10741 90498 10.267
b (L/mg) 0.0282 0.0238 0.0440 0.0437
R? 0.995 0.969 0.840 0.721
R. 0.415 0.457 0.312 0.314
Freudlinch I sotherm
KF (mg/g)(/mg)/n 1565 1497 0588 0528
1/n 0.010 0.012 0.050 0.050
R? 0.753 0.834 0.947 0.937
Temkin I sotherm
a 1.808 2.096 2.598 2.673
by (k¥mol) 0.313 0.302 0.260 0.881
R? 0.983 0.962 0.884 0.960
Dubinin - Radushkevich I sotherm
gmax (mg/g) 24946 24688 6637.56 193353
B 6x10” 6x10” 1x10%® 9x10”
R? 0.926 0.915 0.982 0.937
Ea (kJmoal) 2.582 2.582 2.000 2.108
137 eCr(VI)onUTCB WCr(VI) on ATCB Pb (I1) on UTCB Pb (1) on ATCB 9.5
1 &
A P L85
1 a //// /// 75
_ 10 ///,»/ >< o o 65
%: g X //:’/// // 4.5
///'?/ % . ‘ ///// - 35
6 ><///‘ ///// s
3 ,/'/t//./f ) 15
v u
20 30 Ce(:glr‘) 0 60 kS 80
) C
¢
5.5 i
///
Eﬁ i #Cr (V) on UICB
' ] /%;’?/

0.5

12 L7 32 33 4.2

Log Ce

the adsorptionintensity of the adsorbent. Where, KF
and 1/n can be determined from thelinear plot of log
geq versuslog Ce. Thevaue of KF from this study
showed that Cr (V1) have higher affinity than the Pb
(1) ion, although thel atter has abetter fitting thanthe
former, and thevalue of 1/n showed that the surfaceis
heterogeneous (TABLE 3; Figure4b).

TheTemkin isother m modé

Temkinisotherm modd wasalso used tofit theex-
perimental data. Unlikethe Langmuir and Freundlich
equation, the Temkin isotherm takesinto account the
i nteracti ons between adsorbents and metal ionsto be
adsorbed and isbased on the assumption that thefree
energy of sorption isafunction of the surface cover-
age'®. Thelinear form of the Temkinisothermisrepre-
sented asin equation 14

qe=?lnaTCe
T

(14)

Upon linearization, the equation becomes:

g,=Blna +BInC, (15)
where Ceisconcentration of theadsorbateat equilibrium
(mg/L), geistheamount of adsorbate sorbed at equi-

0.9

0.8 -

#Ce(VI) on UTCB

WCr (V) ATCB
Pb(II) en UTCB
Ph(IT) on ATCR

#Cr (V1) on UTCB
BCr (V1) on ATCB
Pb (I) on UTCB
Fpb () on ATCB

=
60 65 70 75 80 85 90 95 100
£

Figure4: Biosor ption isothermsfor thebiosor ption of Cr (VI) and Pb (11) ions(a) Langmuir 1sotherm (b Freudlinch Isotherm

(c) Temkin I sotherm (d) Dubinin - Radushkevich | sotherm.
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librium (mg/g), RT/bT = B where T isthetemperature
(K), and Ristheideal gasconstant (8.314 Jmol 1 K1)
and ‘a’and bT are constants. A plot of e versus InCe
(Figure4c), enablesthe determination of constants ‘a’
and bT. The constant bT isrelated to the heat of ad-
sorption and aisthe equilibrium binding constant (L/
min) correspondingto themaximum bindingenergy. The
valuesbT inthisstudy (see TABLE 3) show that the
processisnot purely chemisorption(@.

TheDubinin - Radushkevich isotherm

The Dubinin-Radushkevich model*¥ was chosen
to estimatethe heterogeneity of the surface energies
and also to determine the nature of biosorption pro-
cessesasphysica or chemical. TheD-R sorption iso-
thermismoregenerd thantheLangmuir isotherm asits
derivation isnot based onideal assumptionssuch as
equipotent of the sorption sites, absence of stoic hin-
drance between sorbed and incoming particlesand sur-
face homogeneity on microscopiclevel™, Thelinear
presentation of D-R isothermisrepresented by equa-
tion 16:

Ing_,=Inq_ - pe? (16)

wheregm isthetheoretical saturation capacity (mol g
D), B is a constant related to the mean free energy of
adsorption per moleof theadsorbate (mol2 J-2), and ¢
is the polanyi potential given by the relation

e=RTIn(1+ }/Ce) . Ceistheequilibrium concentration

of adsorbatein solution (mol L), R(Jmolt K1) isthe
gasconstant and T (K) is the absol ute temperature.
TheD-R congtantsgm and 3 were calculated from the
linear plotsof Ingeversuse2 (Figure4d) and aregiven
inTABLE2.

The constant 3 gives an ideaabout the mean free
energy E (kJ/moal) of adsorption per molecule of the
adsorbate when it istransferred to the surface of the
solid frominfinity in the solution and can be cal culated
from there ationship®

WL @

If the magnitude of E isbetween 8 and 16 kJmol 2, the
sorption processis supposed to proceed via chemi-
sorption, whilefor values of E <8kJmol, the sorp-
tion processisof physica in naturé®. Sincethevaues
obtai ned inthisstudy are outs de theranges specify by

—= Fyll Poper

the model, the process therefore, cannot be purely
chemisorption or physisorption.
Biosor ption ther modynamics

Equilibrium distribution of the metal ion between

the solution and the biosorbent, the equilibrium con-
stant KD could easily bewritten as:

M ™solution . A
Kp=—o——— -
b I\/|n+|3iosorbed,motherword,theequnlbrlumcon
Ce
stant, Kp =q_.

This constant can be used to estimate the thermody-
namic parameters owing to its temperature depen-
dence. Thethermodynamic parametersi.e. AG®, AH®
and AS° were estimated from thefollowing relations:
AG°=-RTInK, (18)
AG°=AH°- TAS (19)
A plot of AG° against thetemperature, (Figureb) gives
agtraght linegraphwith intercept asAH® and dopeas
AS°. Thethermodynamic parametersare presentedin
TABLE 4. The negative AG° va uesindicated thermo-
dynamically feasible and spontaneous nature of the
biosorption. The decreasein AG® values show ade-
clineinfeasibility of biosorption astemperatureisin-
creased. The AH° parameter was ad so found to benega
tiveindicating exothermic natureof thebiosorption pro-
cesses. The negative AS° value meansadecreasein
therandomnessa the solid/sol utioninterfaceduringthe
bi osorption process.

Desor ption and recycling efficiency

0 - 4000

@Cr(V)UTCB  APH(I)UTCB  MCr(VI)ATCB > Ph (1) ATCB

i
= - 2000
2000 2%
L J /
-0
4000 At

- -2000

.
B o
6000 * e iy

AG!

- -4000

-8000
- -6000

x
-10000 =
A~ - -8000

-12000

: . . . . -10000
290 300 310 320 330 340 350 360
T(K)

Figure5: Theplot of free energy change ver sustempe-
rature
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TABLE 4: Thermodynamic parameter sof biosor ption of Cr (V1) and Pb (11) using cor ncob biomass

Cr (VI) Biosorption with
raw cor ncob

Cr (VI) Biosorption with
treated corncob

Pb (1) Biosorption with
raw corncob

Pb (1)) Biosorption with
treated corncob

T 298 303 318 323 333 353
(Celge)

298

AH (kJmol) -34.55 4353
AS(Imol) -93.40 -128.77
R? 0.937 0.961

303 318 323 333 353 298
16.18 10.25 843 4.84 2.83 184 7.73 587 3.67 1.84 0.98 0.57 63.09 56.08 37.54 26.01 17.20 3.73 27.57 17.03 10.80 6.817043 4.907407 7.34
AG (kJmol) -6.90 -5.86 -5.63 -4.24 -2.88 -1.79 -5.07 -4.46 -3.44 -1.64 45.76 1.66 -1.03 -1.01 -9.56 -8.75 -7.88 -3.86 -8.22 -7.14 -6.29

303 318 323 333 353 298 303 318 323 333 353

-5.15 -440 -5.85
-44.57 -38.88
-112.53 -103.62
0.8896 0.961

TABLE 5: Comparison of adsor ption capacity of various
adsorbentsfor Pb (11)ionand Cr (VI)ion

M aximum adsor ption

Adsor bent Capaxity (mg g*) Reference
Pb (1) ion Cr (VI)ion

Activated carbon 6.68 Mishraand Patel, 2009
Bagasse fly ash 25 Guptaand Ali, 2004
Bagasse fly-ash - 260 Guptaet al., 1999
Coconut husk fibers - 29 Taneta., 1993
Kaolin 45 - Mishraand Patel, 2009
M. hiemalis 47.4 Tewari et al.,2006
cht')‘g’;]”k'e shell 0.0558 Badmus et ., 2007
R. Nigerican - 47 Bai and Abraham, 2001
Red mud - 16 Pradhan et al., 1999
Rolling mill scale 2.74 - Martin et a., 2005
ﬁg‘rﬁg:r' ndica|eaf 119 Goyal etal., 2008
Sawdust - 33 Srivastav et a., 1986
Sugar cane bagasse - 34 Sharmaand Forster, 1994
Groundnut Husk 7.0 Dubey, and Gopal, 2007
Corncob 9.05 8.64 Present study
Oaicaddmodiied 3057 1074 Present sudy

m Adsorption of Mn by UTCB
m Desorption of Mn by UTCB

Figure 6: Desorption studies of the Cr (V1) raw corncob
biomass

(%)

J

number of cycles.

0.5M HCI (20 mL) was used to recover the Cr
(V1) and Pb (I1) ionsfrom the biosorbent. More than
95 % of the adsorbed metal ionswere desorbed from
the biosorbent. HCI was sel ected as desorption agent
for themeta ionsfrom the biosorbent dueto the attain-
ment of thebest regeneration using thissolution. Onthe
other hand, thereusability of the biosorbent wasalso
tested during three consecuti ve bi osorption-desorption
cycles(Figure6). Thelost inthe biosorption capacity
of the biomassfor both metal ionswas determined to
be 5 %. Theseresultsindicated that the corncob biom-
assofferspotential to be used repeatedly with only a
minutelossinthetotal biosorption capacity.

CONCLUSION

Theresultsof thisstudy reinforced thefact that corn-
cob could beagood alternativefor theremoval of Cr
(V1) and Pb (I1) ionsfrom the agueous solution even at
low concentrations. Its use as biosorbent can be of
commercia benefit because of itslow preparation cost
andbesides, itishighly availableinall partsof Nigeria.
M odificationwith oxalic acid a so enhanced the capac-
ity for theremoval of themetal ions. Itsuse environ-
ment friendly manner will beava ueadded rather than
itsbeing anuisanceto the environment.
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