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ABSTRACT

In the present investigation, the biosorption is carried out to test the suit-
ability of abundantly available plant based material Terminalia Catappa L.
Leaf powder as an adsorbent for removal of zinc ions from aqueous solu-
tion. The equilibrium studies are systematically carried out in a batch pro-
Cess, covering various process parametersthat include contact time, adsor-
bent size and dosage, initial zinc ion concentration and pH of the aqueous
solution. It is observed that there is a significant increase in percentage
removal of zincionsas pH increasesfrom 2 to 6 and attain maximum when
pH is6. The contact timeisto be 10 minutes. The Langmuir isothermismore
suitablefor biosorption followed by Temkin and Freundlich isotherms. The
biosorption of zincionsfollows second order kinetic model having acorre-
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|ation coefficient of 0.9986.

INTRODUCTION

Theeffectsof heavy - meta ionson human hedlth
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 waters have been
important in economic and environmenta problemg*4,
Heavy metalsand other metal ions exist ascontami-
nantsin aqueouswaste streams of many industries, such
asmetd plating, e ectro plating, mining, ceramic, bat-
teriesand pigment manufacturing®9.

© 2010 Trade Sciencelnc. - INDIA

Heavy metalslikelead, mercury, arsenic, coppe,
zinc and cadmium are highly toxicwhen adsorbed into
thebody!™. Zincisoften foundin effluents discharged
fromindustriesinvolved inacid minedrainage, galva
nizing plants, natura oresand municipal waste water
treatment plantsand isnot biodegradableand travels
through thefood chain viabioaccumulation. Therefore,
thereissignificant interest regarding zinc remova from
waste waters® since itstoxicity for humansis 100-
500mg/day'®. World hea th organization (WHO) rec-
ommended the maximum acceptabl e concentration of
zincindrinking water as5mg/L 19,

Conventional methods of removing toxic heavy
meta ionsincludechemica precipitation, chemicd oxi-
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dation or reduction, filtration, ion exchange, electro-
chemical treatment, application of membranetechnol-
ogy and evaporation recovery. However, these pro-
cesses have considerabl e disadvantages such asin-
complete metal removal, expensive equi pment and
monitoring system, high reagent or energy require-
ments, generation of toxic sludge and other waste
productsthat require disposal*4, Therefore, there
isneed for an aternativetechnique, whichisefficient
and cost effective. Biosorption, based onliving or non
living microorganismsor plants could besuch anal-
ternative method of treatment. Which describesthe
removal of heavy metal sby the passivebinding to non-
living biomass from an aqueous sol ution™. Kuyucak
indicated that the cost of biomass productionisthe
crucial factor in determining the over all cost of a
biosorption process'*®.

The present work investigatesthe potential use of
untreated Terminalia catappa L. biomass as metal
sorbent for zinc from aqueous solution. Terminalia
catappa L. was chosen as a biosorbent because of
therdativelack of information about its sorption abil-
ity. Environmental parametersaffecting thebiosorption
process such as pH, contact time, metal ion concen-
tration, biosorbent dosage and biosorbent sizeswere
evaluated. The equilibrium adsorption data were
evaluated by Langmuir, Freundlich and Temkiniso-
therm models. The kinetic experimental datawere
correlated by first and second order kinetic models.

MATERIALSAND METHODS

Prepar ation of biosor bent

The T. catappa L. leaves were 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

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

All theexperimentswererepeated fivetimesand
the average values have been recorded. Also, blank
experiments were conducted to ensure that no ad-
sorption wastaking place on thewallsof the appara-
tusused.

Biosor ption experiments

Biosorption experimentswere performed at room
temperature (30+1°C) in arotary shaker at 180rpm
containing 30mL of different zinc concentrationsusing
250mL Erlenmeyer flasks. After one hour of contact
(according to the preliminary sorption dynamicstests),
with 0.1g T. catappa L. leaves biomass, equilibrium
wasreached and the reaction mixturewas centrifuged
for 5 min. The metal content in the supernatant was
determined usingAtomicAbsorption Spectrophotom-
eter (GBCAvantaVer 1.32, Audtrdia) after filteringthe
adsorbent with 0.45 pm filter paper. The amount of
metal adsorbed by T. catappa L. leaves was calcu-
lated from the differences between metd quantity added
to the biomass and metal content of the supernatant
usingthefollowing equation:

4=(Co-C)r 0

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

_ QuaxhCeq
=14 bCe 2

WhereQ__ indicatesthe monolayer adsorption ca-
pacity of adsorbent (mg/g) and the Langmuir constant
b (L/mg) isrelated to the energy of adsorption. For
fitting the experimentd data, the Langmuir model was
linearized as

1,1
" Quax - PQmaxCeq S

1
g
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Thefreundlich™ modd isrepresented by theequa-
tion:
1

q=KCg @)

WhereK (mg/g) isthe Freundlich constant rel ated to
adsorption capacity of adsorbent and 1/n is the
Freundlich exponent related to adsorptionintengty (di-
mensionless). For fitting the experimental data, the
Freundlichmode waslinearized asfollows:

Inq=InK+%InCeq ®)

TheTemkin*¥ isotherm hasgeneraly been applied
inthefollowingform:

(ATCeq) (6)

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

RT
g=—-1In
T

Thekinetic studieswere carried out by conduct-
ing batch biosorption experimentswith different initial
zinc concentrations. Samplesweretaken at different
time periods and analyzed for their zinc concentra-
tion.

RESULTSAND DISCUSSION

Theeffect of contact time

The data obtained from the biosorption of zinc
ionsontheT. catappa L. showed that acontact time
of 10 minwassufficient to achieveequilibrium andthe
adsorption did not change significantly with further in-
creasein contact time. Therefore, the uptakeand un -
adsorbed zinc concentrationsat theend of 10 minare
given astheequilibrium values(q,, mg/g;Ceq, 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 metal ionsfrom agueous sol utiong®-24,
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T. catappa L. presents ahigh content of ionizable
groups (carboxyl groups from mannuronic and
guluronic acids) onthece | wall polysaccharides, which
makesit very liableto theinfluence of thepH. Asshown
infigure 2, the uptake of zinc increased with thein-
creasein pH from 2.0 to 6.0. Similar results were
alsoreportedin literaturefor different biomass sys-
temg?>-27, At pH valueslower than 2.0, zinc removal
wasinhibited possibly asaresult of the competition
between hydrogen and zincionsonthe sorption sites,
with an apparent preponderance of hydrogen ions,
which restricts the approach of metal cationsasin
consequence of the repulsive force. Asthe pH in-
creased, theligands such as carboxylategroupsin T.
catappa L. would be exposed increasing the negative
charge density on the biomass surface, whichinturn
increasesthe attraction of metallicionswith positive
charge and alowing the biosorption onto the cell sur-
face.

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
data shows that the metal uptake increases and the
percentage adsorption of zinc decreaseswith increase
in metal ion concentration. This increase (5.35-
15.54mg/g) isaresult of increaseinthedrivingforce,
I.e. concentration gradient. However, the percentage
adsorption of zinc ions on T. catappa L. was de-
creased from 89.29 to 75.93%. Though anincrease
in metal uptake was observed, the decrease in per-
centage adsorption may be attributed to lack of suffi-
cient surface areato accommodate much more metal
availablein the solution. The percentage adsorption
at higher concentration level sshowsadecreasng trend
whereas the equilibrium uptake of zinc showsan op-
positetrend. At lower concentrations, all zincions
present in solution could interact withthebinding sites
and thusthe percentage adsorption was higher than
thoseat higher zincion concentrations. At higher con-
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centrations, lower adsorption yield isdueto the satu-
ration of adsorption sites. Asaresult, the purification
yield can beincreased by diluting the wastewaters
contai ning high metal ion concentrations.

Effect of adsorbent size

The effect of different adsorbent particle sizes
on percentage removal of zincisinvestigated and
showninfigure4. It reveal sthat the adsorption of
zinc on T. catappa L. decrease from 89.29 to
52.64% with theincreased particle sizefrom 75 to
212um at aninitial concentration of 20mg/L. The
smallest size obtained was 75um dueto thelimita-
tion of available grinder configuration. It isknown
that decreasing the average particle size of the ad-
sorbent increasesthe surface area, whichinturnin-
creases the adsorption capacity.

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. The amount of zinc
adsorbed increaseswith anincreasein adsorbent dos-
agefrom 0.1to 0.5g. The percentage zinc removal
wasincreased from 89.29t0 98.61% for anincrease
in adsorbent dosage from 0.1 to 0.5g at initial con-
centration of 20mg/L. Theincreaseintheadsorption
of theamount of soluteisobviousduetoincreasing
biomass surfacearea. Similar trend wasal so observed
for zincremoval using Azadirachta indica asadsor-
bent(28),

Biosor ption equilibrium

The equilibrium biosorption of zinc on the T.
catappa L. asafunction of theinitia concentration of
zincisshowninfigure6-9. Therewasagradual in-
crease of adsorptionfor zincionsuntil equilibriumwas
attained. The Langmuir, Freundlich and Temkin mod-
elsareoften used to describe equilibrium sorptioniso-
therms. The calculated results of the Langmuir,
Freundlich and Temkinisotherm constants are given
inTABLE 1.

It isfound that the adsorption of zinc ontheT.
catappa L. was correlated well with the Langmuir
equation and Temkin ascompared to Freundlich equa-
tion under the concentration range studied. Examina-

N.Rakesh et al. 25

—== Qurrent Research Peper

TABLE 1 : Langmuir, Freundlich and Temkin isotherm
constantsand cor relation coefficients

Langmuir
Q (mg/g) 18.86
b (L/mg) 0.1932
R? 0.9995
Freundlich
Ks (mg/g) 4.085
n(g/L) 0.4379
R? 0.9648
Temkin
A+ (L/mg) 1.7922
by 596.21
R? 0.9951

tion of the Freundlich data showsthat thisisotherm
was not modeled aswdll acrossthe concentrationrange
studied.

Kineticsof adsor ption

The prediction of adsorption rate givesimportant
information for designing batch adsorption systems.
Information onthekinetics of soluteuptakeisrequired
for selecting optimum operating conditionsfor full-scae
batch process. Figurel0 showsthe plottings between
amount adsorbed, g, (mg/g) versustime, t (min) for
aninitid concentration of 20mg/L. Theadsorptionrate
within thefirst 5 min was observed to be very high
and there after the reaction proceeds at aslower rate
till equilibrium and finaly asteady state was obtained
after equilibrium. The saturation timewasfound to be
10 min based ontheinitial metal concentration. The
kineticsof the adsorption datawasanaysed using two
Kinetic models, pseudo-first and pseudo-second-or-
der kinetic model. These model s correlate solute up-
take, whichisimportant in predicting the reactor vol-
ume. These model sare explained below

The pseudo-first-order equation

The pseudo-first-order equation of Lagergren’®
isgeneraly expressed asfollows:
dg;

F=k1(qe‘qt) ™

whereq,and g, are the sorption capacities at equilib-
rium and at timet, respectively (mg/g) andk istherate
constant of pseudo first-order sorption (min). After
integration and applying boundary conditions, g, =0to
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Figurel: Effect of contact time on biosorption of zinc by
Terminaliacatappal. for 20mg/L of metal and 0.1g/30 mL of
biosor bent concentration.
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Figure10: Effect of contact timeon zincuptakeby Terminalia
catappaL . for 20mg/L of metal and 0.1g9/30mL 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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TABLE 2: Kineticconstantsfor zinc onto Terminalia catappal.

Pseudo —first — order

Pseudo — second — order

Initia. Rate Amount of zinc Correlation Rate Correlation
concentration absor bed on coefficient Amount of zinc absorbed  coefficient
(mg/L) constant adsorb constant dsorb
ky(min) sor bent, R2 K(minl)  On adsor ent, ge(Mg/g) R2
de(My/g) 1 2
20 0.53%4 9.3583 0.9689 0.1604 5711 0.9986

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

Adsor ption

Adsorbent material . pH Reference
capacity (mg/g)
Na-Mont morillonite 3.61 5 [31]
Crushed concrete fines 33 55 [32]
Coir 8.6 5.5 [33]
Barley straw 5.3 55 [33]
Peat 11.71 55 [33]
Coniferous bark 7.4 55 [33]
SiIl/PEVGAgs 32.79 5-6 [34]
Fontinalis antipyretica 14.7 5.0 [35]
Activated carbon 31.11 45 [10]
Sreptoverﬂ cillium 213 55 [6]
cinnamoneum
Aspergillus niger 405 4.70 5.0 [36]
Penicillium digitatum 9.7 55 [37]
Sreptomyces noursel 16 5.8 [38]
Mucor rouxii (live) 4.89 5.0 [39]
Mucor rouxii (NaOH
pretreated) 5.63 5.0 [39]
Mucor rouxii (Na2CO3
pretrected) 3.26 5.0 [39]
Mucor rouxii
(NaHCO3 pretreated) 6.28 50 [39]
Pseudomonas syringae 8.0 n.a [40]
Rhizopus arrhizus 135 6-7 [41]
Citrobacter strain
MCMB-181 23.62 6.5 [42]
Sargassum sp. 24.35 45 [43]
Present
T. catappa L. 18.86 6 study

g =g at=0tot=t; theintegrated form of Eq. (7)
becomes;

s ®

2.303

The pseudo-first-order rate constant k, can be ob-
tained from the slope of the graph between log(q, -)
versustime, t (Figurell). Theca culated k, valuesand
their corresponding linear regression correlation coeffi-
cient vauesareshownin TABLE 2.

Thelinear regression correl ation coefficient value

t

log(q — 4, )=log(ae)-

R? found to be 0.9689, which showsthat thismodel

cannot be applied to predict the adsorption kinetic
modd.

Thepseudo-second-order equation

If therate of sorption isasecond-order mecha-
nism, the pseudo-second-order chemisorption kinetic
rate equation is expressed as*:

dq,

at ©)

Where g, and g, are the sorption capacity at equilib-
rium and at timet, respectively (mg/g) and kisthe
rate constant of pseudo-second-order sorption (g/(mg
min)). For theboundary conditionsg, =0tog, =g, at
t=0tot=t; theintegrated form of EQ. (9) becomes:

(@e-a:)’

t

1 1

=——+—t
dc  kaZ e
wheret is the contact time (min), g, (mg/g) and g,
(mg/g) aretheamount of the solute adsorbed at equi-
librium. EQ. (10) does not have the problem of as-
signing an effectiveq. If pseudo-second-order kinet-
icsisapplicable, thegraph t/g, against t of Eq. (10)
should givealinear relationship, fromwhich g and k
can be determined from the dlope and intercept of the
plot (Figure 12) and there is no need to know any
parameter beforehand.

The pseudo-second-order rate constant k,, the
calculated g, value and the corresponding linear re-
gression correlation coefficient value R2 aregivenin
TABLE 2. At aninitial zinc concentration of 20mg/L,
thelinear regression correlation coefficient r2 value
was higher. The higher RZ value confirmsthat the
adsorption data were well represented by pseudo-
second order kinetic model.

A comparison of the maximum capacity Q__ of T.
catappa L. with those of some other adsorbentsre-
portedin literatureisgivenin TABLE 3. Differences
of metal uptake are due to the properties of each

(10)
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adsorbent such asstructure, functional groupsand sur-
facearea.

CONCLUSIONS

1) The present study shows that the T. catappa L.
was an effective biosorbent for the adsorption of
incionsfrom agueous solution.

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

3) The Percentage biosorption of zinc ions by T.
catappa L. wasincreased by increasing the pH up
to 6.

4) Theuptakeof zincionsby T. catappalL. wasin-
creased by increas ng the meta ion concentration.

5) The Percentage biosorption of zinc ions by T.
catappa L. wasincreased with increasi ng the ad-
sorbent dosage.

6) The Percentage biosorption of zinc ions by T.
catappa L. was decreased with increasein the ad-
sorbent size.

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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