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ABSTRACT

In the present study Banjh leaves (Quercus leucotrichophora) have been
used for removal of copper, iron and zinc from synthetic waste water in
batch system. Various biosorption parameters such as contact time, dos-
age, pH, concentration and temperature have been used. The maximum
bi osorption efficiency achieved at optimized conditions such as high dose
of adsorbent, high pH and low concentration of metal ions. The adsorp-
tion of metal ions increases with time. The Banjh leaf powder is able to
achievethe percentage removal for copper, iron and zinc are 17.50, 44.78
and 22.14 after 25 minutes at amount of adsorbent 1g and pH 3. The
removal efficiency of copper, ironand zinc achieved 75.32, 60.70 and 60.81
after 25 minutes at pH 5. The removal efficiency of copper, iron and zinc
achieved 22.71, 49.12 and 24.61 at 75°C. The equilibrium data of adsorp-
tion have also been tested with Langmuir, Freundlich and Temkin iso-
therm models. The value of correlation coefficient (R?) and other param-
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eters have been evaluated.

INTRODUCTION

Over the past two decadestheterm ‘heavy metals’
usedincreasingly invariouspublicationsandinlegida
tion related to chemical hazardsand safeuse of chemi-
cas. Itisoften used agroup namefor metalsthat have
been associated with contamination and potential tox-
icity or ecotoxicity!. Removal of heavy metalsfrom
wadte streams employsvarioustechnol ogies, which are
ofteneither expensiveor inefficient, especidly whenvery
low residua concentrationscompliant with hea th-based
limitsarerequired. Useof inexpensivenatural sorbents
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such aszeolites, meta oxides, fly ash, clays, cod, peat
mMoss, waste biomass, and chitosan has been consid-
ered asapromising dternaivefor thispurposg?. Vari-
ous methodsreported for theremoval of heavy metals
from water and wastewater arechemical precipitation,
membranefiltration, ion exchange, carbon adsorption
and biosorption. Among these biosorptionisrel aively
new andisvery promisingintheremova of heavy met-
asinan eco-friendly manner. Copper (1) isoneof the
toxic heavy metal ion commonly found in an electro-
plating industrial effluentg4. Hyper accumulation of
copper in human body causes|ever damage, chronic
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poisoning and gestrointestingl catarrah®. It isalsotoxic
to aguatic organismeven a very small concentrations.
Thepresenceof ironin natural water may beduetothe
dissolution of rocksand minerals, acid minedrainage,
landfill leachate sawageor engineeringindustries®. Iron
over load may causeto debilitating and lifethreatening
problems such as diabetes, heart failure and poor
growth("#., Zinciscommon pollutant which arisesfrom
electroplating, mineral processing, gal vanizing plants,
paint formulation, porcdanenameing, nonferrousmeta
and vegetablefat producing industries. Abdomind pain,
dizziness, lack of muscular coordination and acutere-
nal failureare some of the complicationsof zinc®9,

EXPERIMENTAL

All thechemicasfrom commercid sourceswereof
thehighest available purity and weused doubledistilled
water to preparedl solutions. Thecollected wasteleaves
werewashed 2-3 times by distilled water for removing
water solubleimpurities. Then theseleavesweredried
5-6 days in laboratory and heated at 70°C for next
threehoursin laboratory oven, for vaporization of wa-
ter. After grindingand Sevedin particlesize 63 microns
the dried powder of leaves was preserved in sealed
bottles. The synthetic waste water containing Cu (11),
Fe (I1) and Zn (I1) were prepared from the salts
CuS0O,.5H.0, FeSO,.7H,O and ZnSO,.7H,0O in
doubledistilled water. For making 1000 mg/L of Cu
(1), Fe(I) and Zn (I1), 3.921g of CuSO,.5H,0, 4.978g
of FeSO,.7H,0 and 4.397g of ZnSO,.7H,O were
added separately in 1000 ml of doubledistilled water.
The pH of the solution was adjusted 3 by digital pH
meter (Model: MAC 12831). It is expected that the
lower the pH of effluent higher the concentration of
heavy metals. Thesedl stock solutionswere preserved
inair tight bottlesfor prevention of water evaporation
and used to preparedilute solution of different working
solutions. Theadsorption study was carried out by batch
system. The batch system was carried out by thefol -
lowing experiment:-

A 100 ml solution containing desired amount of cop-
per, iron and zinc wastreated with arequisite amount
of adsorbent in a250 ml of conical flask at aconstant
shakerpm 170. The solution wasthenfiltered and ad-
sorbent filtered out. The concentration of metal ions
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before and after adsorption was determined by atomic
absorption spectrophotometer (Model; Anaytik Jeena,
Vario 6). Theremovd or biosorption efficiency of meta
ionswascal culated by using following equation:-
Removal or biosor ption efficiency =C,—C,/C * 100 (1)
Where C, and C, are the metal ion concentrationsin mg/L ini-
tially and at equilibrium respectively.

RESULTSAND DISCUSSION

Effect of contact time

The removal of copper, iron and zinc on Banjh
leaveswas studied at different agitation times (Figure
1). Copper (1) achieved maximum biosorption effi-
ciency 21.00 after 75 minutes. Here after 45 minutes
theremova attainsequilibrium; it may beattributed to
thefactor that the metal ionsreleased from adsorbent
insolution and then lessavail ability of activesitesfor
appropriate metal ion*3, The maximum removal
achieved 44.91 for iron (I1) after 60 minutes. It be-
comeslessefficient after 45 minutesand attainsequi-
librium after 60 minutes. In case of Zn (11) maximum
removal achieved 22.55 after 75 minutesand herethe
removal isa so constant after 45 minutes.
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Figurel: Effect of contact time on removal efficiencies of
copper, iron and zinconto Banjh leaves

Dosage effect of adsor bent

The dependence of copper, ironand zinc remova
on adsorbent dose was studied by varying theamounts
of adsorbent from 0.2to 1.0 g whilekeeping other pa
rameter pH, concentration, and contact time constant.
It can beinferred that the percentageremoval of these
metal ionsincreases with adsorbent dose. Experi-
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mental results show the adsorbent dose of 1g thereis
anincreasein the percentageremoval (Figure2). The
larger the surface area, larger theamount of metal ion
adsorbed™. Thismay dueto theincreaseinavailable
binding sitesin the adsorbent for complexation of heavy
metal iong*®l. From the competitive adsorption study
of copper (I1), iron (I1) and zinc (11) onto Banjh leaves,
maximum removal efficiency of copper (I1) isobtained
17.20 at the 1 g of adsorbent dose. It increasesfrom
6.84. Foriron (I1) theremovad isobtained 12.29 at 0.2
g doseof adsorbent and the adsorbent isableto achieve
biosorption efficiency 44.78 at 1 g dose of adsorbent.
Whereasfor zinc (I1) the maximum percentageremova
isachieved 22.14 at 1 g dose of adsorbent. It increases
efficiently from 6.06.
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Figure2: Effect of dosage on removal efficienciesof copper,
iron and zinconto Banjh leaves

Effect of pH

The removal of copper, iron and zinc on Banjh
leavesincreases with pH (Figure 3). At low pH, the
synthetic wastewater ishighly protonated and the ac-
tivesiteson adsorbent become positively charged. This
result in repulsion between metal ions and adsorbent
make less biosorption efficiency!4. The high pH
makesthe adsorbent |ess protonated and so the metal
removal efficiency increases®. For copper (I1) maxi-
mum removal efficiency isobtained 75.32 at pH 5. It
increasesvigorously withriseof pH from1to 5. The
removal efficiency of iron (1) achieved 60.70 at pH 5.
It rapidly increasesfrom 17.48 to 43.72 with increase
pH from 1to 2 whereasafter pH 2 it increases gradu-
aly. Themaximum removd efficiency achievedfor zinc
(1) 60.81 at pH 5 of thesolution. Itincreasesgradualy
from 20.90to 23.46 with pH from 1 to 3, but after pH
3itrapidly increases.
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Figure 3: Effect of pH on removal efficienciesof copper, iron
and zinconto Banjh leaves

Effect of initial metal ion concentrations

Theremova efficiency of copper, ironand zincon
Banjh leaves decreaseswith concentration (Figure 4)
of metal ionsin sol ution whereasthe mass of adsorbate
increases on adsorbent262%, Removal efficiency of
copper (11) onto Banjh leavesisdeclined from 18.50
t06.77, with concentration of metd ioninsyntheticwaste
water. Theremovd efficiency of iron (1) on Banjhleaves
decreasesfrom 36.90 to 14.00, with increasing con-
centration of metal ioninsolution. For zinc (11) there-
moval efficiency achieved 22.14 at 10 mg/ L concen-
tration of syntheticwastewater and it decreasesto 7.00
at 50mg/ L of metal ion concentration.
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Figured4: Effect of initial metal ion concentration on removal
efficienciesof copper, iron and zinc onto Banjh leaves

Effect of temperature

The experimental results of copper, ironand zinc
adsorption on Banjh leavesindicate that theremoval
efficiency of meta ionsincreaseswithtemperature (Fig-
ure5). But incase of iron (11) theremoval decreases
after 45°C, it may be dueto the solubility of metal ion
from adsorbent in sol ution?>3*%, Theremoval of cop-
per (I1) achieved 22.71 at 75 °C. It increases gradual ly
from 15°Cto 75°C. Theremovdl efficiency of iron (1)
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increases efficiently with 15°C to 45°C. But after 45°C
it decreases. Theremovd efficiency of zinc (Il) increases
gradually from 22.89t0 24.61 with increasetempera-
turefrom 15to 75°C. But after 60°C it decreases.
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Figure5: Effect of temperature of solutionson removal effi-
cienciesof copper, iron and zinconto Banjh leaves

Adsorption isotherms

Theequilibrium datahave been tested by Langmuir,
Freundlichand Temkinisothermmodels. Langmuir iso-
therm!®¥ assumes monolayer adsorption on to asur-
face containing afinite number of adsorption sites of
uniform strategiesof adsorption with no transmigration
of adsorbateintheplaneof surface. Thelinear form of
Langmuir isotherm equationisgiven as.-

C,/q,= UK b+ 1K C, @)

Whereq_ istheamount of adsorbate adsorbed per unit
mass of adsorbent (mg/g). K_and b, are Langmuir con-
stants related to adsorption capacity and rate of ad-
sorption. When C,/ g, wasplotted againgt C,, astraight
linewithdopeof 1/K_wasobtained (Figure6). In case
of Banjhleavestheregression vaue (R?) indicatesthat
copper, iron and zinc favor monol ayer adsorption. Iron
shows moreadsorption capacity (K ) than copper and
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Figure6: Langmuir isothermmodel for copper, iron and zinc
on Banjh leaves
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zincwhereastherate of adsorption (b)) of zincismore
thaniron and copper (TABLE 1).

Theessential characteristic of the Langmuir iso-
therm can beexpressed in termsof dimensionlessequi-
librium parameter (R ) which is defined asR =1/
1+b C, whereb, isthe Langmuir constant and C. is
theinitial metal ion concentration (mg/L). Thevaueof
R_indicatestype of isothermto be either favorable
(O<R <1), unfavorable(R >1), linear (R =1) orirre-
versible(R =0). Thevalueof R wasfoundto beless
than oneinall casesreported hereand thisconfirms
that the Langmuir isotherm modd isfavorablefor ad-
sorption of copper (I1), iron (1) and zinc (1) on to
Banjhleaf powder.

Freundlichisotherm®*ljsan empirica expression
based on biosorption on aheterogenous surface. The
linear form of Freundlich equationisgiven by thefol-
lowing expression:-
logg,=logK, +1/nlogC, (3)
Whereq, istheamount of metal ionsadsorbed at equi-
librium per gram of adsorbent (mg/g) and C, repre-
sentsthe equilibrium concentration of adsorbate (mg/
L). K, and n are Freundlich constants representing
the adsorption capacity and intensity of adsorption
respectively. Thevalueof K, and 1/n were obtained
from the slop and intercept of the plot, log g, versus
log C, (Figure 7). The regression value (R?) shows
that copper favors multilayer adsorption on aheter-
ogenous surface of Banjh leaf powder morethan zinc
andiron (TABLE 1). Inthispatterniron showsmore
adsorption capacity (K,) than copper and zinc. The
valueof 1/nislessthan oneinall cases, which also
favorsFreundlichisotherm model (TABLE 1).
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Figure7: Freundlich isotherm model for copper, iron and
zincon Banjh leaves
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TABLE 1: Adsor ption congtant for copper, iron and zinconto Banjh leaf powder

Langmuir Isotherm Model

Freundlich | sotherm Model

Temkin | sotherm Mode

Metal > > >
Ka b, R Kp 1/n R S b, R
Cu 4.083 0.0840 0.982 0.905 0.335 0.993 -0.464 1.0257 0.863
Fe 8.726 0.0856 0915 1671 0.350 0.918 -0.373 1.761 0.864
Zn 3.885 0.141 0.986 1.295 0.251 0.983 0.7012 0.696 0.964

Temkinisotherm model considered the effects of
indirect adsorbate- adsorbateinteractionwhichexplains
that the heat of adsorption of al themoleculeson the
adsorbent surface would decreaselinearly with cover-
age dueto adsorbate-adsorbate interaction®”. There-
forethe adsorption potential s of the adsorbent for the
adsorbate can be evaluated using Temkin adsorption
modd , which assumesthat thefdl in heet of sorptionis
linear rather thanlogarithmicasimpliedinthe Freundlich
equation. TheTemkin isotherm model isgiven by the
followingequation:
g.=a +b,InC, 4
Where C, istheequilibrium concentration of metd ions
inmg/L, g istheamount of adsorbatein mg/g, 3 andb,
constantsrelated to adsorption capacity and intensity
of adsorption. Theva ueof g and b, can be determined
by plot (Figure8) of g, versusIn C.. Inthispatternzinc
shows more adsorption capacity than copper andiron
whereasiron showsmoreadsorptionintensty than cop-
per and zinc (TABLE 1).
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Figure8: Temkinisotherm model for copper, iron and zinc
on Banjh leaves

CONCLUSION

Theresultsshow that Banjh leaf powder could be
used for theremoval of copper, iron and zinc over a

wide range of biosorption parameters. The process
of adsorptionfollowsLangmuir, Freundlichand Temkin
isotherms, which comprises statistical and empirical
data estimated from their equations. Non— conven-
tional adsorbentsarelocally avail able and hencein-
volveno expenditure on transportation and haveavery
low cost for pretreatment. Thereisno need to regen-
erate the exhausted treated adsorbents, asthey are
availableabundantly.
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