June 2010

Trade Science Ine.

ISSN : 0974 - 7443 Volume 5 Issue 1

CHEMICAL TECHNOLOGY

A Tndéian Yournal

— Pyl Paper

CTAIJ 5(1) 2010[11-18]

Removal of zinc ions from aqueous solution by
FicusbenghalensisL .: Equilibrium and kinetic studies

N.Rakesh'# P.Kalpana? L.Nageswara Rao!, T.V.R Naidu*

“Environmental Engineering L abor atory, Department of Chemical Engineering, R.V.R. & J.C.Callegeof Engineering,
Chowdavaram, Guntur - 522 019,A.P.,, (INDIA)

Department of Chemical Engineering, R.V.R & J.C College of Engineering, Guntur - 522 019,A.P,, (INDIA)
2Department of Chemical Engineering, GMRIT, GMR Nagar, Rajam, Srikakulam - 532 127,A.P., (INDIA)

E-mail: rakesh_nandeti@yahoo.co.in

Received: 4" November, 2009 ; Accepted: 14" November, 2009

ABSTRACT

In the present investigation, the biosorption is carried out to test the suit-
ability of abundantly available plant based material Ficus BenghalensisL.
Leaf powder as an adsorbent for removal of zinc ions from agueous solu-
tion. The equilibrium studies are systematically carried out in a batch pro-
Cess, covering various process parameters that include contact time, ad-
sorbent size and dosage, initial zinc ion concentration and pH of the aque-
oussolution. It isobserved that there isasignificant increase in percentage
removal of zincionsaspH increasesfrom 2 to 6 and attain maximumwhen
pH is6. The contact timeisto be 10 minutes. The Langmuir isothermismore
suitablefor biosorption followed by Temkin and Freundlichisotherms. The
biosorption of zinc ionsfollows second order kinetic model having acorre-
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|ation coefficient of 0.9954.

INTRODUCTION

Theeffectsof heavy-meta ionson human health
havereceived great attentionin thelast decades. Asa
consegquence, methodsto remove metal speciesfrom
waste water have been the subject of interest of re-
searchers, in order toimprovethewater quality. The
removal of toxic metal ionsand recovery of valuable
ionsin minewastewaters, soilsand watershave been
important in economic and environmenta problemg*,
Heavy metalsand other metal ions exist ascontami-
nantsin agqueouswaste streams of many industries, such
asmeta plating, eectro plating, mining, ceramic, bat-
teriesand pigment manufacturing®9.

Heavy metalslikelead, mercury, arsenic, copper,
zincand cadmium are highly toxicwhen adsorbed into
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thebody!™. Zincisoften found in effluentsdischarged
fromindustriesinvolvedin acid minedrainage, gava
nizing plants, natural oresand municipal waste water
treatment plantsand isnot biodegradableand travels
through thefood chain viabiocaccumulation. Therefore,
thereissignificant interest regarding zincremova from
wastewaters® sinceitstoxicity for humansis 100-500
mg/day™®. World health organization (WHO) recom-
mended the maximum acceptabl e concentration of zinc
indrinking water as5 mg/L1,

Conventiona methods of removing toxic heavy
meta ionsincludechemicd precipitation, chemica oxi-
dation or reduction, filtration, ion exchange, el ectro-
chemical treatment, application of membranetechnol-
ogy and evaporation recovery. However, these pro-
have cons derabl e di sadvantages such asincom-
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plete metal remova, expensi ve equipment and moni-
toring system, high reegent or energy requirements, gen-
eration of toxic sudge and other waste productsthat
requiredisposali*14, Therefore, thereisneed for an
aternativetechnique, whichisefficient and cost effec-
tive. Biosorption, based on living or non living microor-
ganismsor plantscould be such an dternative method
of treatment. Which describesthe removal of heavy
meta sby thepassvebinding tonon-living biomassfrom
an agueous solution™!, Kuyucak indicated that the cost
of biomassproductionisthecrucid factor in determin-
ingtheover all cost of abiosorption process*e.

The present work investigatesthe potential use of
untreated Ficus BenghalensisL. biomassasmetd sor-
bent for zinc from agueous solution. FicusBenghalensi's
L. was chosen as abiosorbent because of therelative
lack of information about its sorption ability. Environ-
mental parameters affecting the biosorption process
such as pH, contact time, metal ion concentration,
bi osorbent dosage and biosorbent sizeswere evalu-
ated. Theequilibrium adsorption datawere evauated
by Langmuir, Freundlich and Temkinisotherm models.
Thekinetic experimental datawere correlated by first
and second order kinetic models.

MATERIALSAND METHODS

Prepar ation of biosor bent

TheF. BenghalensisL.leaveswere collected from
R.V.R. & J.C.College of Engineering campus of
Guntur, AndhraPradesh, India. Leaveswerewashed
with deionized water severa timestoremovedirt and
dried. Then the dried |eaves were powdered using
domestic grinder to the powder size of 75-212um.
and used as biosorbent without any pretreatment for
zinc adsorption.

Chemical

Anaytica gradesof ZnSO,.7H,0O, HCl and NaOH
were purchased from Merck (Mumbai, Maharastra,
India). Zincionswere prepared by dissolvingitscorre-
sponding sulphatesatin distilled water. The pH of so-
lutionswas adjusted with 0.1N HCI and NaOH.

All theexperimentswere repeated fivetimesand
the average values have been recorded. Also, blank
experimentswere conducted to ensure that no adsorp-
tionwastaking placeon thewallsof theapparatusused.
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Biosor ption experiments

Biosorpti on experimentswere performed at room
temperature (30+1°C) in arotary shaker at 180 rpm
containing 30mL of different zinc concentrationsusing
250mL Erlenmeyer flasks. After one hour of contact
(according to the preliminary sorption dynamicstests),
with 0.1g F. BenghalensisL. leavesbiomass, equilib-
rium wasreached and the reaction mixturewas centri-
fuged for 5min. Themeta content in the supernatant
was determined using Atomi c Absorption Spectropho-
tometer (GBC AvantaVer 1.32, Australia) after filter-
ing theadsorbent with 0.45um filter paper. Theamount
of metal adsorbed by F. Benghalensis L.|leaves was
cd culated from the differences between metal quantity
added to the biomass and metal content of the super-
natant using thefollowing equation:

1=(Co-Cr)yy @

Whereqisthemetal uptake (mg/g); C,and C theini-
tial andfina metal concentrationsinthe solution (mg/
L), respectively; V the solution volume (mL); M the
mass of biosorbent (g). The pH of the solution was ad-
justed by using 0.1N HCI and 0.1N NaOH.

The Langmuirt*” sorption model was chosen for
the estimation of maximum zinc sorption by the
biosorbent. The Langmuir isotherm can be expressed
as

_ QmaxPCeq

WhereQ,_ indicatesthemonolayer adsorption capacity

of adsorbent (mg/g) and the Langmuir constant b (L/

mg) isrelated to the energy of adsorption. For fitting

theexperimental data, the Langmuir model waslinear-

ized as

i1, 1 2

d Qmax bQmaxCeq ®
Thefreundlich® mode isrepresented by theequa-

tion:

1

g=KC, 4)
WhereK (mg/g) isthe Freundlich constant related to
adsorption capacity of adsorbent and 1/n is the
Freundlich exponent related to adsorptionintensity (di-
mensionless). For fitting the experimental data, the
Freundlich modd waslinearized asfollows.
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1
Ing=InK +=InC 5
q n eq ©)

TheTemkin*¥ isotherm hasgeneraly been applied
inthefollowingform:

q =g|n(ATCeq) (6)

WhereA (L/mg) andb_are Temkinisotherm congtants.
Biosor ption kinetics

Thekinetic studieswere carried out by conducting
batch biosorption experimentswith different initia zinc
concentrations. Samplesweretaken at different time
periodsand analyzed for their zinc concentration.

RESULTSAND DISCUSSION

Theeffect of contact time

Thedataobtaned from thebiosorption of zincions
ontheF. BenghalensisL.showed that acontact time
of 10 minwas sufficient to achieveequilibriumandthe
adsorption did not change significantly with further in-
creasein contact time. Therefore, the uptakeand un -
adsorbed zinc concentrationsat theend of 10 minare
given astheequilibrium vaues(q,, mg/g; C_, mg/L),
respectively (Figure 1) and the other adsorption ex-
periments were conducted at this contact time of 10
min (pH 6).

Effect of pH

We know that the pH of the medium affects the
solubility of metal ionsand the concentration of the
counter ionson the functional groupsof the biomass
cell walls, so pH is an important parameter on
biosorption of meta ionsfrom aqueous solutiong 24,

F. BenghalensisL.presentsahigh content of ioni z-
able groups (carboxyl groups from mannuronic and
guluronicacids) onthecell wall polysaccharides, which
makesit very ligbleto theinfluence of thepH. Asshown
infigure 2, the uptake of zinc increased with thein-
creasein pH from 2.0t0 6.0. Similar resultswerealso
reportedinliteraturefor different biomass systlemg®27,
At pH vaueslower than 2.0, zinc remova wasinhib-
ited possibly as aresult of the competition between
hydrogen and zincions on the sorption sites, with an
apparent preponderance of hydrogen ions, which re-
strictstheapproach of meta cationsasin consequence
of therepulsiveforce. AsthepH increased, theligands
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such ascarboxylategroupsin F. BenghalenssL.would
be exposed increasing the negative charge density on
thebiomasssurface, whichinturnincreasesthe attrac-
tion of metdlicionswith positivechargeand allowing
thebiosorption onto the cell surface.

Inthisstudy, the zinc cationsat around pH 6 were
expected to interact morestrongly with the negatively
charged binding sitesin the adsorbent. Asaresult, the
optimum pH for zinc adsorption wasfound as 6 and
the other adsorption experiments were performed at
thispH value.

Effect of metal ion concentration

Figure 3 showsthe effect of metal ion concentra-
tion on the adsorption of zinc by T. catappalL.. The
datashowsthat the metal uptakeincreasesand the per-
centage adsorption of zinc decreaseswithincreasein
metd ion concentration. Thisincrease(5.31-14.54mg/
g) isaresult of increaseinthedriving force, i.e. con-
centration gradient. However, the percentage adsorp-
tion of zincionson F. BenghalensisL.was decreased
from 82.29 to 72.93%. Though an increasein metal
uptake was observed, the decreasein percentage ad-
sorption may beattributed to lack of sufficient surface
areato accommodate much moremetd availableinthe
solution. The percentage adsorption at higher concen-
tration levels shows a decreasing trend whereas the
equilibrium uptake of zinc showsan oppositetrend. At
lower concentrations, al zincions present in solution
could interact with the binding sitesand thusthe per-
centage adsorptionwashigher thanthoseat higher zinc
ion concentrations. At higher concentrations, lower ad-
sorptionyiddisdueto thesaturation of adsorption Sites.
Asaresult, the purification yield can beincreased by
diluting thewastewaters containing high meta ion con-
centrations.

Effect of adsorbent size

Theeffect of different adsorbent particlesizeson
percentageremovd of zincisinvestigated and shownin
figure 4. It reved s that the adsorption of zinc on F.
BenghalensisL.decreasefrom 82.29 to 51.64% with
theincreased particlesizefrom 75to 212umat anini-
tia concentration of 20mg/L. Thesmallest Szeobtained
was 75um dueto thelimitation of availablegrinder con-
figuration. Itisknown that decreasing the average par-
ticlesize of the adsorbent increasesthe surface area,
whichinturnincreasesthe adsorption capacity.
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Figurel: Effect of contact time on biosorption of zinc by
Terminalia catappalL . for 20mg/L of metal and 0.1g/30mL of
biosor bent concentration
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zinc by Terminalia catappa L. at 0.19/30mL of biosor bent
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Figure 5 : Effect of Terminalia catappa L. dosage on
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Figure 2 : Effect of pH on zinc biosorption by Terminalia
catappal. for 20mg/L of metal and 0.1g/30mL of biosor bent
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Figure 4 : Effect of Terminalia catappa L. paricle size on
biosor ption of zinc for 20mg/L of metal and 0.1g/30mL of

biosor bent concentration
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Figure8: Temkin biosor ption isother mfor zincat 0.1g/30mL
of biosor bent concentration
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Figure10: Effect of contact timeon zincuptakeby Terminalia
catappalL . for 20mg/L of metal and 0.19/30mL of biosor bent
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Figure 12 : Pseudo-second-order biosorption of zinc by

Terminalia catappal . for 20mg/L of metal and 0.1g/30mL of

biosor bent concentration
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Effect of adsor bent dosage

Figure 5 showsthe effect of adsorbent dosageon
the % removal at equilibrium conditions. It was ob-
served that the amount of zinc adsorbed varied with
varying adsorbent dosage. Theamount of zinc adsorbed
increases with an increasein adsorbent dosage from
0.1t00.5g. Thepercentagezinc remova wasincreased
from 82.29 to 91.61% for an increase in adsorbent
dosagefrom 0.1to0 0.5gat initia concentration of 20mg/
L. Theincreasein the adsorption of theamount of sol-
uteisobviousdueto increasing biomass surface area.
Similar trend wasa so observed for zinc remova using
Azadirachta indica as adsorbent(®,

Biosor ption equilibrium

The equilibrium biosorption of zinc on the F.
BenghalensisL. asafunction of theinitia concentra-
tion of zincisshowninfigure6-9. Therewasagradua
increaseof adsorptionfor zincionsuntil equilibriumwas
attained. The Langmuir, Freundlich and Temkinmodes
are often used to describe equilibrium sorption iso-
therms. The calculated results of the Langmuir,
Freundlich and Temkinisotherm constantsaregivenin
TABLE 1.

It is found that the adsorption of zinc on the F.
BenghalensisL.wascorrelated well withthe Langmuir
equation and Temkin ascompared to Freundlich equa
tion under the concentration range studied. Examina-
tion of the Freundlich datashowsthat thisisothermwas
not mode ed aswdll acrossthe concentrationrangestud-
ied.

Kineticsof adsorption

The prediction of adsorption rate givesimportant
information for designing batch adsorption systems. In-
formation on thekineticsof solute uptakeisrequired
for selecting optimum operating conditionsfor full-scae
batch process. Figure 10 showsthe plottings between
amount adsorbed, g, (mg/g) versustime, t (min) for an
initial concentration of 20mg/L. The adsorption rate
withinthefirst 5 min wasobserved to bevery high and
there after the reaction proceeds at a slower ratetill
equilibrium andfinally asteady state was obtained after
equilibrium. The saturation timewasfoundto be 10
min based ontheinitial meta concentration. Thekinet-
icsof the adsorption datawas analyzed using two ki-
netic moddl s, pseudo-first- and pseudo-second-order
kinetic model. These model s correlate sol ute uptake,

CHEMICAL TECHNOLOGY

whichisimportant in predicting the reactor volume.
Thesemode sareexplained bel ow.

Thepseudo-first-order equation

Thepseudo-first-order equation of Lagergreni® is
generally expressed asfollows:

99t 1 (ge-ar) )

where g, and g, are the sorption capacities at equilib-
rium and at timet, respectively (mg/g) and k; istherate
constant of pseudo first-order sorption (min?). After
integration and goplying boundary conditions, g, =0to
g =g at=0tot=t; theintegrated form of Eq. (7)
becomes:

Kk
log(de )= log(ge)- -t ®

The pseudo-first-order rate constant k, can be ob-
tained from the slope of the graph between log(q,-q)
versustime, t (Figure 11). Theca culated k; valuesand
their corresponding linear regression correl ation coeffi-
cient valuesareshownin TABLE 2. Thelinear regres-
sion correlation coefficient value R 2 foundto be 0.9669,
which showsthat thismodel cannot beappliedto pre-
dict theadsorption kinetic mode.

Thepseudo-second-or der equation

If the rate of sorption is a second-order mecha-
nism, the pseudo-second-order chemisorption kinetic
rateequation isexpressed ag®:

d
S =kae-a.)’ ©)

Whereq, and g, are the sorption capacity at equilib-

TABLE 1: Langmuir, Freundlich and Temkin isotherm con-
stantsand cor relation coefficients

L angmuir
Q (mg/g) 17.81
b (L/mg) 0.1813
R? 0.9985
Freundlich
Kt (mg/g) 4.085
n(g/L) 0.4379
R? 0.9648
Temkin
A+ (L/mg) 1.7922
br 596.21
R? 0.9951
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TABLE 2: Kinetic constantsfor zinc onto FicusbenghalensisL.

Pseudo-first-order

Pseudo-second-or der

Amount of zinc

Initia. ; Amount of zinc ;
: Rate absorbed on Correlation Rate Correlation
concentration ~C "
(mg/L) constant k; adsor bent, coefficient constant agdsgrpbegn (t)n coefficient
min*t mg/ 2 k, (mint ’ 2
( ) Qe( g g) Rl 2 ( ) e (mg/g) R2
20 0.5354 9.3583 0.9669 0.1604 5.711 0.9954

TABLE 3: Maximum adsor ption capacitiesfor zinc adsor p-
tion todifferent adsor bents

Adsor bent material Cesag?tryp(t:r?g/g) pH Reference
Na-Mont morillonite 3.61 5 [31]
Crushed concrete fines 33 55 [32]
Coir 8.6 55 [33]
Barley straw 53 55 [33]
Peat 11.71 55 [33]
Coniferous bark 7.4 55 [33]
SIl/PEVGAs 32.79 5-6 [34]
Fontinalis antipyretica 14.7 5.0 [35]
Activated carbon 3111 45 [10]
Aspergillus niger 405 4.70 5.0 [36]
Penicilliumdigitatum 9.7 55 [37]
Streptomyces nour sei 16 5.8 [38]
Mucor rouxii (live) 4.89 5.0 [39]
g’:;‘i‘ggj‘;’“' (NaOH 5,63 50 139]
m;"r‘&g‘;’m (Na2Co3 3.26 50 [39]
m;ﬁggj‘;’“' (NaHCO3 6.28 50 139]
Pseudomonas syringae 8.0 n.a [40]
Rhizopus arrhizus 135 6-7 [41]
Ciirobacter srain 2362 65 [42]
Sargassum sp. 24.35 45 [43]
F. Benghalensis L. 18.86 6 P;fj;“

riumand at timet, respectively (mg/g) andkistherate
constant of pseudo-second-order sorption (g/(mgmin)).
For theboundary conditionsg =0toq =g att=0to
t =t; theintegrated form of Eq. (9) becomes:

t 1 1

= 4t

dt kqg de (10)

wheretisthecontact time(min), g, (mg/g) and g, (mg/
g) aretheamount of the solute adsorbed at equilibrium.
Eg. (10) does not have the problem of assigning an
effectiveq,. If pseudo-second-order kineticsis appli-
cable, thegraph t/q, against t of eq. (10) should givea

linear rel ati onship, from which ¢ and k can be deter-
mined from the s ope and intercept of theplot (Figure
12) and there is no need to know any parameter be-
forehand.

The pseudo-second-order rate constant k,, the
calculated g, value and the corresponding linear re-
gression correlation coefficient value R3 aregivenin
TABLE 2. At aninitial zinc concentration of 20mg/L,
thelinear regression correlation coefficient R3 value
was higher. Thehigher rR3 value confirmsthat the ad-
sorption datawere wel | represented by pseudo-sec-
ond order kinetic model.

A comparison of themaximum capacity Q__ of F.
Benghal ensis L.with those of some other adsorbents
reportedinliteratureisgivenin TABLE 3. Differences
of metal uptake are dueto the properties of each ad-
sorbent such as structure, functional groupsand sur-
facearea

CONCLUSIONS

1 Thepresent study showsthat the F. Benghalensis
L.wasan effective biosorbent for theadsorption of
zincionsfromagueoussolution.

2 Theeffect of process parameterslike pH, metal
ion concentration, adsorbent dosage and adsorbent
Sizeon processequilibriumwasstudied.

3 The Percentage biosorption of zinc ions by F.
Benghalensis L.wasincreased by increasing the
pH up to 6.

4 Theuptakeof zincionshby F. BenghalenssL.was
increased by increasing the metal ion concentra-
tion.

5 The Percentage biosorption of zinc ions by F.
BenghalensisL.wasincreased withincreasngthe
adsorbent dosage.

6 The Percentage biosorption of zinc ions by F.
BenghalensisL.wasdecreased withincreas
intheadsorbent size.
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7 Theadsorptionisothermscould bewell fitted by
the Langmuir equation followed by Temkin equa-
tion.

8 Thebiosorption process could be best described
by the second-order equation.
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