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ABSTRACT

The present study investigated the effectiveness of an inexpensive and ecofriendly loquat bark as a biosorbent
for the possible removal of toxic chromium ions from aqueous solution. In this study, the effects of biosorbent
dose, pH, initial concentration, contact time, and temperature were examined. The biosorption data were fitted
well by Langmuir isotherms. Thermodynamic analysis revealed that the adsorption behavior of Cr(VI1) onto
loguat bark biosorbent was an endothermic process, resulting in higher biosorption capacities at higher tem-
peratures. The negative values of AG® and positive values of AH® revealed that the biosorption process was
spontaneous and endothermic. The mean free energy (E) for the biosorption of Cr(V1) was determined from the
Dubinin-Radushkevick equation indicated that the biosorption of chromium species onto logquat bark mainly

proceeds through binding surface functional groups.

INTRODUCTION

Heavy metalsarerecognized aslong-term hazard-
ous contaminants because of their hightoxicity, accu-
mulation and retention in human body. Chromium (V1)
isoneof thetoxic heavy meta sand carcinogenic prop-
erties. Mg or sourcesof chromium (V1) inenvironment
aredectroplating, |leather tanning, textiledying, paints,
and metd finishingindugtries. The conventiond meth-
odsfor theremovd of chromium and other heavy met-
alsfromwater and wastewater include chemical pre-
cipitation™, ion exchange'3, dectrochemical precipita-
tion™, membrane separation, and adsorption™. All
thesemethods areinthiscaseeither economically un-
favorableor technically complicated and thusused only
inspecia cases. Each of these methods has somelimi-
tationsin practice. Problemswith the af orementioned
methods makeit necessary to develop easily available
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inexpensive, ecofriendly, and equdly effectivedterna
tivesfor water and wastewater treatment. Biosorption
of heavy metalsby agricultura waste materids, which
areproducedinlargequantitiesasasolid wasteisone
of these dternativetreatment methodg®9.

In the present work, thermodynamic parameters,
isotherm models, and the mean free energy for the
biosorption of Cr(V1) by loquat bark have beeninves-
tigated and used to explain the possible surface binding
of Cr(VI) by loquat bark.

EXPERIMENTAL

Preparation of Cr(V1) stock solution

An Cr(VI) stock solution 1000 mgL* was pre-
pared by dissolving aknown quantity of potassium
dichromate[K,Cr,O,, Merck, Germany] in 1000 mL
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Figurel: FTIR of loquat bark
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of doubledistilled water. Theworking solutionsfor the
experimentswith different concentrations of Cr(V1)
were prepared by appropriate dilutions of the stock
solutionimmediately prior to their use. Standard acid
0.1 M HNO, and abase solution 0.1 M NaOH were
used for pH adjustment. All of the reagents were of
andytical gradeand used without further purification.

Prepar ation of biosor bent

Loquat bark (L B) used as biosorbent was collected
from Roya Scientific Society, Jordan and washed re-
peatedly with doubledistilled water to remove soluble
impuritiesand other adhered particles. Loquat bark was
firstair-driedandthendriedinan ovenat 333K for 24
hoursto get rid of themoistureand volatileimpurities.
Thedried LB pieceswereground using agrinding mill
(Retsch RM 100) and sieved to get sizefraction <44
um for biosorption experiments.

Batch experiment

Bi osorption studieswere performed at constant pH
3.0withinitid concentration of Cr(V1) (40mgL™?) and
bi osorbent dose of 2 gL at temperature 303 K. 100-
mL flasks containing the solutionswere agitated on a
shaker at 350 rpm constant shaking ratefor 120 minto
ensureequilibriumwasreached and filtered through fil -
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ter paper (Schleicher and Schull 589), and the super-
natant was analyzed for chromium by a sequential
plasma emission spectrometer (ICPS-7510,
Shimadizu). Each experiment wasrunintriplicateand
mean valuesware reported.

Theeffect of pH on biosorption of Cr(V1) ontothe
LB biosorbent wasinvestigated by varying thesolution
pH from 1.0to 6.0. The effects of contact time, tem-
perature and biosorbent concentration on uptake of
Cr(VI) werethen examined.

The biosorption capacity (mgg?) of the biosorbent
for each concentration of Cr(V1) at equilibriumwasca-
culated using equation (1).

Ci - Ce
Ge=—7y— %V @
whereC and C_aretheinitial and equilibrium concen-
trationsof Cr(VI)ion (mgL™). V isthevolumeof the
solution (L) and M isthemass of biosorbent (g) used.

RESULTSAND DISCUSSION

FTIR spectraof LB biosorbent

Characterization of LB biosorbent was carried out
with Fourier Transform Infrared spectroscopy (FTIR)
toidentify thefunctional groupsinthe4000-400 cm?,
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TABLE 1: Langmuir constantsfor Cr (V1) biosorbtion onto
L B at different temperatures
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TABLE 2 : Thermodynamic parametersof LB for Cr(VI)
biosorption

T Langmuir constants T AG° AH° AS

K Onm Bx10° R? K K kJmol™? kJ.mol* JK ™ mol™
293 44.64 321 0.9994 293 1312 -0.663 12.283 44211
303 46.51 3.42 0.9994 303  1.564 -1.126
313 50.25 3.49 0.9994 313 1811 -1.546

(Figure 1). The spectraindicated anumber of absorp-
tion peaksshowing thecomplex natureof LB. Thebroad
and strong band inloquat bark at 3427 cm?isattrib-
uted to hydroxyl (-OH) and amine (-NH) stretching.
2924-2854 cmrt interval issymmetric vibration of (-
CH) stretching. A strong band at 1620 cmt isdueto
stretching vibration of C=0. Thebandsat 1107 and
1059 cmr* areindicative of the C-O-C and -OH. The
bandsat 1317 and 1383 cm* areindicative of theN-H
stretching of the primary and secondary amides. The
band at 1317 cm* indicatesthe C-O of carboxylic ac-
ids. 1000-500 cmrt interval is C-H and C-C band vi-
bration. Theanaysisof FTIR spectrashowed the pres-
ence of many functional groupsableto interact with
Cr(VI)ions.

Effect of pH

Theeffect of pH on biosorption of Cr(V1) ontoLB
wasgtudied by varyingtheinitid pH 1-6 of 20ml Cr(V1)
solution at concentration 40 mgL by adjustingthe pH
with 0.1 M NaOH and 0.1 M HNO,. The LB dosage
of 5gL*wasmixedwiththesolutionina250ml. flask
and then shaking themixtureat 120 rpmand at 303 K.
After shaking theflasksfor 30 min, thereaction mix-
tureswere separated by filtration. Then, theresidue of
Cr(V1) inthefiltered solutionswere measured by AAS.
In addition the pH of the aqueous solution was also
measured. Maximum adsorption by loquat bark was
observed at pH 3.0. Thus, the results showed that of
Cr(V1) rises from 1 to 3 and starts decreasing. Ac-
cordingly, theoptimium pH for the maximum adsorp-
tionof Cr(VI1) onto LB wasfound at 3.0.

Effect of contact time

Theeffect of contact time on the extent of the ad-
sorptionof Cr(VI) onto LB, 40 mgL *initia chromium
concentration at pH 3.0 and temperature 303 K showed
that the Cr(V1) adsorption rateishigh at the beginning
and decreased dowly till the saturation level swerecom-

pletely reached at the equilibrium point 60 min.
Effect of biosor bent dose

To determinethe effect of biosorbent dose, differ-
ent amounts 1-10 mgL of biosorbent were suspended
in 20 mLchromium solution inwhichtheconcentration
of chromiumwas40 mgL* under optimized conditions
of pH 3.0 and contact time 60 min. From experimental
results obtained, wefound an optimumdoseof 5gLis
usedfor dl theexperiments.

Effect of Cr(VI) concentration

Theeffect of Cr(VI) concentrationon LB slurry
wasinvestigated & different chromium concentrated so-
lutions. Theresults showed that the contact timefor the
equilibrium absorption remai nsunchanged and shows
maximum biosorptionat 40 mgL .

Sorption isotherm

Adsorption dataisgenerally described by adsorp-
tionisotherms, Langmuir isotherms. Theseisotherms
rel ate theamount of sol ute adsorbed at equilibrium per
weight of adsorbent, g, to the adsorbate concentration
a equilibrium C_. The Langmuir isotherm model repre-
sentsoneof thefirst theoretica treatmentsof non-lin-
ear sorption and suggeststhat adsorption occurson a
homogenous surface by monol ayer sorptionwithout in-
teraction between adsorbed molecules. The Langmuir
isotherm modd isgiven by thefollowing equation:

c, 1 1

o o.p"Q, @
where g, isthemilligrams of chromium adsorbed per
gram of the adsorbent, C_ isthe chromium concentra-
tioninthefina solutions(mgL?), Q_ (9g™); andb(Lg™)
areLLangmuir constantsrel ated to sorption capacity and
sorption energy, respectively. Maximum biosorption
capacity denoted by Q,_ represents monolayer cover-
age of Cr(V1) with biosorbent and b impliesthe en-
tha py of biosorptionwhich should vary withtempera-
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TABLE 3 : Dubinin-radushkevick parameters for the
biosor ption of Cr(VI) toloquat bark (L B)

T Ke Om E R?
K (mol®K+J?) (mol- g’ (kImol™®
293 1.83 10° 0.21 5.31 0.975
303 1.8210° 0.23 7.12 0.977
313 1.8010° 0.26 9.70 0.976

ture. A linear plot, (Figure 2), isobtained by plotting
CJq.against C_over theentirerange of lead concen-
trationinvestigated.

Langmuir parameters Q  and b, together withthe
regress on coefficients R? determined fromtheplot given
inTABLE 1, confirm agood agreement between the
theoretical model and experimenta resultsobtained. Q
values are computed from slopewhileb valuesfrom
theintercept. Langmuir Q_and b valuesincreased with
temperature, showing that the adsorption capacity and
intengity of adsorption areenhanced a higher tempera:
tures.

Thermodynamic parameters

To study theeffect of temperature on the uptake of
Cr(VI), theprocesswas carried out at three operating
temperatures, (293, 303, and 313) K with40 mgL* of
initid Cr(V1) concentration at pH 3.0. Thebiosorption
capacity wasfound to bevaried withtemperature. When
increase in temperature from 293 to 313 K, the
bi osorption capacity increased. Higher uptakeat higher
temperature may beattributed totheavailability of more
activesiteson thesurfaceof LB.

Temperature dependence of the biosorption pro-
cessisrelated with severa thermodynamic parameters
including Gibbs energy (AG®), enthalpy (AH®), and
entropy (AS°), which are used to decide whether the
biosorption is a spontaneous process or not. In the
present work, the thermodynamic behavior of the
biosorption of Cr(V1) ionsonto LB iseva uated asfol-
lows. The changes in Gibbs energy, AG®°, of the
biosorption processisrelated to the equilibrium con-
stant by thefollowing equation.

AG°=-RTInK_ ©)
whereK istheequilibrium constant cd culated fromthe
following equation.

K =CAE
°C

4

€
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where C, _and C_arethe equilibrium concentration of
Cr(VI) (mgL™) onto LB biosorbent and in solution,
respectively. Theobtained valuesof K _at temperatures,
(293, 303, and 313) K arelisted in TABLE 2.

The enthal py change, AH®° and entropy change,
AS® wereobtained from thevan’t Hoff equation.
TR ®
whereT istheabsolutetemperature (K); Risthegas
constant (8.314 Jmol-*K-1). AH® (kJmol?t) and AS®
(Imol K1) werecal culated from the S opeand inter-
cept of alinear plot of INK _ versus1/T. Theplot shown
infigure3islinear over theentirerange of temperatures
investigated.

Dubinin-Radushkevick equationi*Y used to deter-
minethe poss bleadsorption mechanism, which assumes
aconstant sorption potentia 2 ispresented in equations
(6and7):

Ing, =Inq,, —-K .&° (6)
g=RTIn(1+1/C,) @
wheree isthePolanyi potentid, q_(molg™) isthemono-
layer capacity, C_ (mol-dm®) istheequilibrium concen-
tration and K _ (mol*KJ) isthe constant rel ated to sorp-
tionenergy. Theparametersg, and K _ can be obtained
from theintercept and slope of the plot as shown in
figure4.

The mean energy of sorption, E is calculated by
equation (8):

E=(-2K)" 8)

Dubinin-Radushkevick parametersand mean free
energy aregivenin TABLE 3. Themagnitudeof Eis
estimated thetype of sorptionreaction. Anenergy range
from 8to 16 kImol* indicatesion-exchange reaction®.
Thereforethe mean energy of sorption, E valuesob-
tained from 5.31t0 9.71 kImol- that arepracticaly in
theion-exchangeenergy range, support the sorption of
chromiumionsonto loquat bark mainly proceeds by
binding surfacefunctiona groups.

InK, =

CONCLUSION

Theresultsinthis paper demonstratethat raw lo-
quat bark (LB) is an effective adsorbent and can be
successfully used asan biosorbing agent for theremova
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of Cr(VI)ionsfromwater. Thethermodynamic param-
eters, AH®, AS°, and AG° values of Cr(VI) ion ad-
sorption onto raw loquat bark show endothermic heat
of adsorption, favored a higher temperatures. Theposi-
tivevalueof AS° revealed anincreasein randomness
of the solid/sol ution interface during the adsorption of
Cr(I1) ions. Regression coefficients R2 werefound to
be more than 0.999 revealing the best fit for the
biosorption databy the Langmuir and Freundlichiso-
therm models. The mean free energy (E) for the
biosorption of Cr(V 1) wasdetermined fromthe Dubinin-
Radushkevick equation indicated that the biosorption
of chromium speciesonto loquat bark mainly proceeds
through binding surfacefunctiona groups.
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