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ABSTRACT

KEYWORDS

The present study deals with the adsorption of Cu (1), Fe (11) and Zn (11)
onto Deodar leaves under different process conditions. The adsorption
study was carried out by batch operation taking contact time, pH, adsor-
bent dose, initial concentration of metal ions in synthetic waste water and
temperature. The percentage removal recorded for Cu (11) Fe (1) and Zn (1)
are75.42,64.76 and 41.77 respectively after 25 minutesat pH 5and 170 rpm.
All these cations exhibit maximum removal efficiency at optimized condi-
tions such as high pH, high dose of adsorbent and low initial concentration
of metal ions. The equilibrium adsorption capacity of adsorbent used for
these metal ions is measured and extrapolated using linear Freundlich,
Langmuir and Temkinisotherms. The experimental dataarefound to follow
the order Langmuir>Freundlich>Temkin, indicating monolayer adsorption
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on a homogenous surface.

INTRODUCTION

Theintroduction of metallic pollutantsinto water
bodieswesgther itisnaturd or artificial canoccurindis-
solved or particulate form™. The plantsabsorb toxic
meta sboth from the soil and atmaospheredthough spe-
cific differencesare enormous?. Food chain accumu-
lation of heavy metasin soil-plant-herbivorein agricul -
tureisdocumented with increasein waste water reuse
for agriculturepurpose, especidly in drought pronetropi-
cd countrieslikelndid®. Heavy metalspresentin efflu-
ent produced at the e ectropl ating, | eather tanning, ce-

ment, mining, dyeing, photography, paper pulp and fer-
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tilizer industries*9. Various methodsreported for the
removal of heavy metalsfrom water and waste water
arechemicd precipitation, membranefiltration, ionex-
change, carbon adsorption and biosorption. Among
thesebiosorptionisrelatively new andisvery promis-
ing intheremoval of heavy metalsin an eco-friendly
manner. Copper isfoundinsizeableamountsinliquid
effluent streamsof printed circuit board plantsand other
effluentsof tanning, insecticidesand fungicides. Hyper
accumulation of copper in human body causeslever
damage, chronic poisoning and gastrointestinal ca-
tarrhi®. Iron existsintwo formsferrous (soluble) and
ferric (insoluble) form. The presenceof ironin natural
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water may beattributed to the dissol ution of rocksand
minerds, acidminedrainage, landfill leachate, sawage
or engineering industries. Iron over load may causeto
debilitating and lifethreatening problemssuch asdia-
betes, heart failureand poor growth!”. Zincisthe most
common pollutant which arisesfromindustriessuch as
electroplating, mineral processing, gal vanizing plants,
paint formulation, porcelain enameling, and vegetable
fat producingindustries. Abdomind pain, dizziness, lack
of muscular coordination and acuterend fallurearesome
of thecomplicationsof zinc®.

Theplant Cedrusdeodaraiscommon gymnosperm
of Himadayanregion. Itisevergreen and thetallest plant
having needlelikeleaves. Thewasteleavesof Cedrus
deodara were collected from near the SSJ Campus,
Almoraand Uttarakhand (India).

EXPERIMENTAL

Prepar ation of adsor bent

The collected waste | eaves were washed several
timeswith distilled water to removethesurface adhered
particlesand water solubleimpurities. Theseleaveswere
dried for 5-6 daysin laboratory and then heated at 70
°C for 3hoursinalaboratory oven. After grinding, these
aresieved in particle size 63 microns. The powder of
leaveswas preservedinair tight bottlesuntil theall ex-
perimenta works.

Preparation of synthetic wastewater

The synthetic wastewater containing Cu (11), Fe
(1) and Zn (1) were prepared from the salts
CuS0O,.5H.0, FeSO,.7H,O and ZnSO,.7H,O in
doubledistilled water. For making 1000 mg/L of Cu
(1), Fe(Iy 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 (Modd: MAC 12831). Theseall stock solutions
were preserved in air tight bottles and were used to
preparedilute solution of different working solutions.

Adsor ption study

Adsorption study was carried out by batch opera-
tionindifferent processconditionssuch ascontact time,
dosageeffect of adsorbent, pH, initial concentration of
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meta ionsand temperature.

A 100 ml solution containing desired quantity of Cu
(1), Fe(I1) and Zn (1) wastreated with 1gm of adsor-
bent inaconical flask at aconstant 170 rpm. The con-
centration of these metal ions beforeand after adsorp-
tion was determined by Atomic Absorption spectro-
photometer (Model: AAS vario 6, anaytik Jena,
Germany).TheRemoval efficiency of metal ionswas
cd culated by usingfollowing equation:

Removal efficiency = C -C /C x 100 @
WhereC_and C_aremetal ion concentrationsin mg/L
initialy and at agiventimet respectively.

RESULTSAND DISCUSSION

Effect of pH

Figure 1 show theincrease of remova for Cu (I1),
Fe (1) and Zn (1) when pH of synthetic waste water
increasesfrom 1to 5. At lower pH water ismorepro-
tonated and high percentage of H,O*ion causesrepul -
son between adsorbent (saturated in solution) and meta
iong® thereforethiscausethelessremoval efficiency.
The percentageremoval recorded for Cu (11), Fe (1)
andZn (1) are 75.42, 64.76 and 41.77 respectively at
pH 5 after 25 minutes.
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Figurel: Effect of pH onremoval of copper,ironand zincon
deodar leaves.

Effect of contact time

For all these metal ionsthereisaprogressionin
the percentageremoval of metal ionswithtime. Fig-
ure 2, showsthe percentage removal of various metal
ions by adsorbent at pH 3 and 10 mg/L of metal ion
concentration. From theresult of competitive adsorp-
tion experiment, Cu (I1) hasthe percentage removal
21.54 after 75 min. Fe(I1) and Zn (11) have the per-
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centage removal of 29.07 and 35.05 respectively at
the sametime. After 45 minutesthe adsorption be-
comeslessefficient. Itisduetothelessavailability of
active siteson adsorbent!*12,
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Figure2: Effect of contact timeon removal of copper, iron and
zincon deodar leaves.

Effect of temperature

Asshowninfigure3, theremovd efficiencyincreases
with temperature. In case of Cu (1) the percentagere-
moval increases 14.96 to 21.02 at temperatures 15°C
to 75°C but at 60°C the sorption rate decreases, it may
beattributed to solubility of meta ionsfrom adsorbent
insolutioni®34, Similarly in caseof Fe(ll) and Zn (II)
removad efficiency increasesfrom 15°Cto 75°Cwhereas
after 60°C it decreases.
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Figure 3: Effect of temperatureon removal of copper, iron
and zincon deodar leaves.

Dosage effect of adsorbent

Thenumber of avail ablebinding sitesand exchang-
ing ionsfor adsorption depends upon the amount of
adsorbent™. Figure 4 shows that for the adsorbent
dose of 1 gm thereisan increase in the percentage
removal. The larger the surface area, the more the
amount of metal ion adsorbed. Thisisduetothein-
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creasein availablebinding sitesin the adsorbent for
complexation of heavy metals. The adsorbentisable
to achieve the percentage removal of 33.73, 59.92
and 18.34 for Cu(ll), Fe(ll) and Zn (I1) at pH 3and
at concentration 10 mg/L.
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Figure4: Effect of adsor bent dose on removal of copper, iron
and zincon deodar leaves.

Effect of initial concentration of metal ions

Figure5, showsthat the percentageremoval of Cu
(1) Fe (I1) and Zn (I1) decreases with increasing the
concentration of solution. Themaximum biosorption ef-
ficiency isobtained at 10 mg/L concentration of metal
ionsin synthetic wastewater but the amount of metal
adsorbed per unit mass of adsorbent (mg/g) increases
with concentration(®l.
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Figure5: Effect of initial concentration of metal ions on

removal of copper, iron and zincon deodar leaves.

Langmuir isotherm

Theexperimental dataof adsorptioninthepresent
work hasbeen tested with Langmuir isotherm. Langmuir
isotherm*” assumes monol ayer adsorption ontoasur-
face containing afinite number of adsorption sites of
uniform strategiesof adsorptionwith no transmigration
of adsorbatein the planeof surface. Thelinear form of
Langmuir isotherm equetionisgivenas.
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Celgq,=1K b+1K, Ce @)
Where_ istheamount of adsorbate adsorbed per unit
mass of adsorbent (mg/g). K| andbareLangmuir con-
stants related to adsorption capacity and rate of ad-
sorption. When Ce/g, wasplotted againgt Ce, astraight
linewithslopeof /K wasobtained (Figure 6)

+« Cu
B Fe
A Zn
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Ce
Figure6: Langmuir isotherm model for copper, iron and
zincon deodar leaves.

Theessntid characteristicof the Langmuir isotherm
can beexpressedintermsof dimens onlessequilibrium
parameter (R ) whichisdefined asR =1/1+bC where
bistheLangmuir constant and C , istheinitial meta ion
concentration (mg/L). Thevalueof R indicatestypeof
isothermto beeither favorable (O<R <1), unfavorable
(R >1),linear (R =1) orirreversible(R =0). Thevaue
of R wasfoundto belessthan oneinal casesreported
hereand thisconfirmsthat theLangmuir isotherm model
isfavorablefor adsorption of Cu(ll), Fe(Il) andZn(11)
onto Deodaraleaf powder. Theregression valueindi-
cates that the copper, Iron and Zinc favors the mono
layer adsorption. Iron shows more adsorption capacity
(K ) than copper and zinc whereastherate of adsorp-
tion of copperismorethanironandzinc (TABLE 1).

Freundlichisotherm

Freundlich isotherm*® isan empirical expression
based on biosorption on aheterogenous surface. The
linear form of freundlich equationisgiven by thefol-
lowingexpresson:
logg,=logK +1/nlogC, 3)
Whereg, 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 nare Freundlich constantsrepresenting the
adsorption capacity and intensity of adsorption respec-
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tively. Thevaueof K_and 1/n were obtained from the
slopandintercept of theplot, log g, versuslog C_ (Fig-
ure7). Thevalueof 1/nislessthan 1 for copper, iron
and zinc which showsfavorable adsorption by Deodar
leaf powder™,
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Figure7: Freundlich isotherm model for copper, iron and
zincon deodar leaves.

Temkin isotherm

Temkinisotherm model considered the effects of
indirect adsorbate- adsorbateinteractionwhichexplains
that the heat of adsorption of al themoleculeson the
adsorbent surfacewould decreaselinearly with cover-
age dueto adsorbate-adsorbateinteraction?”. There-
forethe adsorption potentials of the adsorbent for the
adsorbate can be evaluated using Temkin adsorption
model, which assumesthat thefall in heat of sorptionis
linear rather thanlogarithmicasimpliedinthe Freundlich
equation. TheTemkinisotherm model isgiven by the
followingequation:
g.=a+tbInC, 4
Where Ceistheequilibrium concentration of metd ions
inmg/L, g, istheamount of adsorbateinmg/g, aand b
constantsrel ated to adsorption capacity and intensity
of adsorption. Thevalue of aand b can be determined
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Figure8: Temkin isotherm mode for copper, iron and zinc

on deodar leaves.
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by plot (Figure8) of g, versusin C.. Inthispattern zinc
shows more adsorption capacity 2.429 than copper
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and iron whereasiron shows moreadsorption intensity
1.058 than copper and zinc (TABLE 1).

TABLE 1: Adsor ption constantsfor deodar leaf powder at pH 3and with contact time 25 minutes.

Langmuir Isotherm M odel

Freundlich Isotherm M odel

Temkin I sotherm Model

M etal

K. b R® Kr 1/n R® a b R?
Cu 3.869 0.0668 0.963 0.819 0.347 0.936 0.0713 0.817 0.914
Fe 5.0994 0.0901 0.926 0.890 0.335 0.832 0.0171 1.058 0.825
Zn 3.849 5.181 0.998 2.566 0.103 0.963 2.429 0.362 0.970
[5] M.Kazemipour, M.Ansari, S.Tajrobekhar,
CONCLUSION M.Mgjdzadeh, H.R.Kermani; J.Hazard.Mater.,

The present study revealsthat aloca waste biom-
ass can be used as an adsorbent for the efficient re-
moval of copper, iron and zinc from industria waste
water. Themaximum biosorption efficiency achieved a
higher pH of solution, lower initial meta ion concentra:
tion and higher adsorbent dose. Theexperimenta data
areeva uated by isotherm model sand shows different
adsorption capacitiesfor thesemetd ions. The adsorp-
tion capacity of Deodar |eaf powder for copper, iron
and zincisfound by Langmuir Isotherm Model inthe
order of Fe>Cu>Zn.
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