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ABSTRACT

This paper studied the ability of using green teeste (GTW) as an environment-friendly biosorbentte removal
of Cu(ll) from aqueous solutions by batch operativiarious operating parameters such as equilibricomtact
time, initial metal ion concentration, pH, and adsent dosage have been studied. The results iretictitat the
biosorption process was occurred within 120 miruilgrium contact time for Cu(ll) concentration rga from 10
to 120 mg/l.It was found that, different concentration of coppelution reached equilibrium at different times.
About 0.3 g of GTW was found to be enough to rerad¥%e of 10 mg/l initial copper ion concentratiomdn 100 ml
metal solution.The optimum biosorption capacity was at pH 6. €qailibrium adsorption data for Cu(ll) were
better fitted to the Freundlich adsorption isothemmodel. The kinetic process of Cu(ll) biosorptiotiaGTW was
found to fit the pseudo-second-order modBherefore, it is proven that the GTW can be usedefiicient,
economical means and environment-friendly to ren@@wgl) presence in the water/wastewater.
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INTRODUCTION

Industrial waste constitutes the major source oious kinds of metal pollution in natural water.€Fa are at least
20 metals which cannot be degraded or destroyeé.important toxic metals a®d, Zn, Pb, Cr, CuandNi [1].
Heavy metals are highly toxic pollutants of inciegsconcern in developed countries for their siigaifit impact on
the environment and human health [2-5].

Copper is one of the major contaminants releasad fnetal-finishing, electroplating and electricadlustries [6].
In humans, copper toxicity causes itching and désa@on and keratinisation of the hands and sofefeet [7].
Severe gastro-intestinal irritation and possiblandes in the liver and kidneys occur due to in@afdarge doses of
copper [8]. Inhalation of copper spray increasesribk of lung cancer among exposed workers [9Lokding to
the World Health Organization (WHO) and United 8tBhvironmental Protection Agency (USEPA), the mmaxin
permissible limit of copper in drinking water is3img/l[10]. Hence the removal of copper from wastewagfore
its discharge into aquatic systems is extremelyomgmt and deserves immediate attention.

Several treatment techniques have been investidatettie removal of metals from wastewater sucimasbrane
filtration, reduction, adsorption/biosorption, iexehange, coagulation-flocculation, chemical pré&ijon, flotation
and electrochemical method. Most of them are sianitly costly and incapable of removing trace Iswa heavy
metal ions. Comparatively, biosorption/adsorptisnaa exception is the most effective and widelydusehnique
due to higher output and lower cost of sorbentq.[Therefore, widely available sorbents with highrption
capacity should be developed to treat wastewaben toxic heavy metals. So, biosorption/adsorpt®one of the
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most effective and cost-efficient approaches fanaeal of heavy metal. Biosorption is a fast ancersible reaction

of the heavy metals with biomass. A wide variety amtive and inactive organisms have been employed a
biosorbent to sequester heavy metal ions from Vwedstewater. It has been found that biosorbentsriahein
organic ligands or the functional groups, whichypk dominant role in the removal of various heavgtah
contaminants [12, 13]. These biosorbents typiciaityude algae, fungi, rice and wheat straw, hydwipine bark,
tea waste, starch, agricultural by-products andabies [13]. For example some researchers studee@ffect of
sawdust [14], rice husk [15] and pomegranate g for removal of copper(ll) and lead(ll) from aspus solution
[17].

An economical adsorbent is defined as one whiabismdant in nature, or is a by-product or a wastam findustry
and requires little processing [18]. After watera fis the most widely consumed beverage in thedwad attested
by the over 3,000,000 tons of tea leaves producedally [19]. Although available in different vaties, such as
greenblack or Oolong tea, all tea beverages are obtdhoaad the same basic te@gmellia sinensis ).leaves [19].
Once the beverage has been brewed, spent leaveméex waste that must be disposed of like othemass
residues, tea wastes represent an unused resowtgeoae increasing disposal problems [20]. Somdieguhave
demonstrated the ability of tea wastes to remowvehgyic dyes [21], turbidity [22] and even somedaymf heavy
metal ions [22-25] from water and wastewater. Hosvevhere appears to be a large variability in ridte and
degree of sorption, depending on the nature ottmaminant, the presence of other competitiveispeand the
process conditions. Such variations require cai@falysis of the properties of the sorbent at geeigic conditions
under which it will be used.

In a continuous attempt to search for potentiat-effective sorbents for removal of toxins from teagater. The
Green Tea Waste5(TW) leaves used as a novel sorbent for effective e@opgmoval. Due to the insoluble part of
the spent tea leaves consists of mainly cellul83&4), hemicellulose and lignin (14%), and polypHer{@5%) [6].
According to chemical analyses [26], these chendoatposition of the GTW acquired after heated waktraction
of green tea, is polar in nature and have a speifiding sites accessible for adsorption of otitemic or ionic
species. Case in point, polyphenols may tie v@ti(ll) ions. What's more, electron-rich oxygen atom-@fH
gatherings of cellulose can likewise act as achirging sites for uptake ofu(ll) ions. Thus, there are great
prospects for sorption of different sorts of inarg#natural mixes compounds on@®TW So, this investigation
experiment perform to evaluate the effectivenessmploying a Green Tea Waste for the adsorptiveovamof
Cu(ll) from synthetic wastewater, using batch experimast isotherm and kinetics studies were done tieraéne
the adsorption capacities and mechanism of biosorpespectively.

MATERIALS AND METHODS

2.1 Biosorbent Material (Adsorbent)

Green Tea waste5TW was taken from the waste tea leaves after tednggkocess. Tea waste collected were
washed and boiled with hot distilled water {8b up to color removal. After color removal it isiett in hot oven at
60°C for 24 hrs. The dried leaves were ground and sieved to pestit20um which were stored in polyethylene
bags until use.

2.2 Preparation of Stock Solution (Adsorbate)

Analytical grade reagents were used (Merck Co.)stédck solution of 1000mg/l of Cu(ll) was prepared by
dissolving 3.926&) of (CuSQ.5H,0) was added in 106l of double distillate water in 10081 volumetric flask. It
was dissolved by shaking and the volume was made the mark.

2.3 Biosorption Experiments

Biosorption experiments were studied by batch tegler The experiments were performed in a rotaakshat 200
rpm using 250ml Erlenmeyer flask containing Og3of waste tea powder and 160 of 10, 30, 50, 70, 100, and 120
mg/l of Cu(ll) solution. The experimental set was repeated fapwa time intervals of 10, 20, 30, 40, 50, 60, 90,
120, and 1506nin. At the end of each contact time, the contentachelask was filtered using Whatman filter paper
No 41. The metal ion concentration in the supemateas determined using a UV-Visible spectrophoteme
(Unicam 8700). The amount @fu(ll) adsorbed by the biomass was calculated from tifereinces between metal
guantity added to the biomass and metal contetiteo§upernatant. The effect of several parametmis &s contact
time, initial Cu(ll) concentration, pH, and adsorbent dosage on thar@tas process were studied. The pH of the
adsorptive solutions was adjusted by using &f HCl andNaOH solutions and measured by digital pH meter (HI
8417, HANNA Instrument, accuracy0.01). The temperature of the experiments was miaied at 3CC+1. All
experiments were carried out in triplicate and skwifferences less than 1%.

The sorption efficiency oEu(ll) ions onto-GTWwere computed using Eqn. (1) [27]:
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R (%) = (CC;C) £ 100

whereC; andC, are the initial and equilibrium concentration@i(ll) ions (mg/l) in solution. Also, the adsorption
capacity was computed by using the mass balancgiegdor the sorbent [27];

0 :(M)*V ......................... 2)

w

whereQ is the adsorption capacityng/g, C, and C. are the initial and equilibrium concentrationsGxi(ll) in
solution g/l) respectivelyy is the volume oCu(ll) ion solution ) andW is the weight of the biosorberg)(

Adsorption isotherms were studied by using the Ibamig and Freundlich isotherms, and the pseudo-girder, and
pseudo-second order kinetic models are used régplgct

RESULTS AND DISCUSSION

3.1 Biosorption Parameters

3.1.1. Effect of Contact Time

In order to establish the equilibration time forximaum uptake of the biosorption process, coppepigd®n on
GTWwas investigated as a function of contact timgufé 1 shows that by increasing the initial conegitn of
copper, the percentage removal is also increadeel.cbntact time was maintained for an 1BiD. to ensure that
equilibrium was really achieved. It is noticed fréfigure 1 that the time to reach equilibrium is @stn120min,,
and the percentage removal reach's 90, 88, 85,82and 76% for initiaCu(ll) concentrations 10, 30, 50, 70, 100,
and 120ppm respectively, that is reveals to the percentagmowval is an initial concentration independent.
Generally, in the initial stages for 40in., the removal efficiency of th€u(ll) ion by theGTW increased rapidly
due to the abundant availability of active bindgiiggs on the sorbent, and with gradual occupanclesfe sites, the
sorption became less efficient in the later stegfésy 50min. Similar results were found by [25, 28-30]. So, the
optimal contact time to attain equilibrium wi@TrWis 120min.

100
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Percentage Removal of Cu(ll)
w
o

40 - ==—30 ppm
=50 ppm
30 =>é=70 ppm
20 ==3ie=100 ppm
=0=120 ppm
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O 1 1 1 I I
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Contact Time, (min)

Figure 1. Effect of contact time on percentage renwal of Cu(ll) ions by GTW adsorbent
(Adsorbent dosage=0.3 g/100 ml, solution pH 6,atgih rate=200 rpm and temperature =30+1)

3.1.2. Effect of Initial Cu(ll) Concentration

The effect of initial Cu(ll) ion concentrations on the biosorption efficiendy @TW is shown in Figure 2.
Biosorption experiments were carried out at différmitial Cu(ll) concentrations ranging from 10 to 18/l
respectively for 120nin. as an equilibrium contact time with 0gBL0O0 ml of solution were used. The data shows
that theCu(ll) uptake increases and the percentage remov@u@f) decreases from 90% to 76% with increase in

102
Pelagia Research Library



Ahmed Ali Maraie and Hesham G. Ibrahim Der Chemica Sinica, 2015, 6(7): 100-111

Cu(ll) ion concentration from 1ppmto 120ppm This increase is a result of increase in theinlgivforce (i.e.
gradient of concentration). However, the decreaspercentage removal may be attributed to lackudficient
surface area accommodate much more metal avaitatiie solution.

At lower initial Cu(ll) concentrations, almost &lu(ll) ions present in solution could interact with thieding sites
and thus the percentage removal was higher these thbhigher initiaCu(ll) ionic concentrations. The results may
be explained on the basis that the increase imtimeber of ions competing for the available bindsgitgs in the
biomass, and also because of the lack of acties sih the sorbent at higher concentrations. Thexefoore metal

ions were left unadsorbed in solution at highercemtration levels. This behavior approved in manogiss [25, 31,
32].
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0 20 40 60 80 100 120 140
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Figure 2. Effect of initial concentration of Cu(ll) ion on percentage removal o€u(ll) ions ontoGTW
(Adsorbent dosage=0.3 g/100 ml, solution pH 6,a&t@ih rate=200 rpm, contact time =120 min., and pemature =30°C+1)

3.1.3. Effect of solution pH

pH variation is one of the most important paransetontrolling uptake of heavy metals from wastewated
agueous solutions [25]. Figure 3 shows the efféqitb on percentage removal Gu(ll) ions ontoGTW. These
studies were conducted at an init@l(ll) ions concentration of 10, 30, 50, 70, 100, and g and constant

adsorbent dosage 0g8L00 ml solution, and agitation rate 200m for 120min. as an equilibrium contact time for
varying the solution pH ranged from 2 to 7.

The percentage removal increases with pH to attaimaximum at pH ranged between 5-6. The maximum
adsorption at 6 pH may be attributed to the patiirolysis ofM*, resulting in the formation ofMOH" and
M(OH),.M(OH), would be adsorbed to a greater extend on the ntar-pdsorbent surface compareM®H". With
increase of pH from 2 to 6, the metal existsM{©H), in the medium and surface protonation of adsorl@nt
minimum, leading to the enhancement of metal adsorp33]. In Figure 3 higher pH, that is, abovdioum pH of

6, increase iOH" ions cause a decrease in adsorption of metakibadsorbent—adsorbate interface.

Lower solubility's of hydrolyzed metal ions specieay be another reason for the maximum adsorptidh zH.
Since, in lower pH range, metal is present predantiy as metal ions in the adsorptive solutionrehis a
competition betweeh™ andM" ions for adsorption at the ion exchangeable ditesling to a low removal of metal.
The extensive repulsion of metal ions du@totonation of the adsorbent surface at lower ply beanother reason
for decrease in adsorption of metal in lower pHy&[83].
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Figure 3. Effect pH of solution on percentage remai of Cu(ll) ions ontoGTW
(Adsorbent dosage=0.3 g/100 ml, agitation rate=20f, contact time =120 min., and temperature £381)

The increase in metal removal as the pH increaaasbe explained on the basis of a decrease in ddiope
between proton and metal cations for the same ifumadt groups and by the decrease in positive sertdmarge,
which results in a lower electrostatic repulsiotween the surface and the metal ions. Decreasdsarption at
higher pH (above 6 pH) is due to the formationalfible hydroxyl complexes (this is due to precipita of Cu(ll)
ions as a result of hydroxide anions forming Copmgiroxide precipitate. This result is similar teetreport of
studies [34-36].
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Figure 4. Effect adsorbent dosage on percentage rewel of Cu(ll) ions ontoGTW
(pH of solution 6, agitation rate=200 rpm, contdiche =120 min., and temperature =30+1)
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3.1.4. Effect of GTW dosage

Figure 4 shows that the adsorptive removal perace@u(ll) over the range 0.2 to 0ggl00ml, at pH 6, 120nin. as
a contact time, and 2aPm. The percentage removal Gl(ll) ions increases rapidly with increase in the dosdge
the GTWdue to the greater availability of the exchangealiks or surface area [1, 27, 37].

Figure 4 show that there is a sharp increase icepésge removal faCu(ll) ions withGTW, The maximum removal
of Cu(ll) ions are 90, 88, 85, 82, 79, and 75% for initiaheentrations 10, 30, 50, 70, 100, and 1¥n
respectively at 0.8 of adsorbent dosage. Then the percentage remév@li@) ions decrease with increase the
adsorbent dosage more than @.3his is due to the fact that at higher adsorlese the solution ion concentration
drops to a lower value and the system reachesiledquiih at lower values of adsorption capacity iradicg the
adsorption sites remain unsaturated [24].

3.2. Equilibrium Isotherms
The analysis and study the equilibrium data is viemportant in view to develop a model equation Wwh@an
accurately represent the results and could befosdke design purposes [1].

3.2.1. Langmuir Isotherm

Langmuir proposed a theory to describe the adsorptif gas molecules onto metal surfaces. The Lairgmu
adsorption isotherm has found successful applioatim many other real adsorption processes of nageol
adsorption. Langmuir's model of adsorption depesrdshe assumption that intermolecular forces deereapidly
with distance and consequently predicts the exist@fi monolayer coverage of the adsorbate at ther surface of
the adsorbent. The isotherm model further assuhasatisorption takes place at specific homogensites within
the adsorbent [32]. It is assumed that on€uél) molecule occupies a site, no further adsorptianteke place at
that site. Moreover, the Langmuir model is basedhenassumption of a structurally homogeneous aésbrwhere
all adsorption sites are identical and energeticadjuivalent. Theoretically, the sorbent has adicgapacity for the
sorbate. Therefore, a saturation value is reacheybridl which no further adsorption can take placke T
experimental data were fitted to the Langmuir mdetgh. (3), [27]:

Le_Ley 1 (3)
Qe Qm bQm

whereC, (mg/)) is the equilibrium concentration of metal idQ, (Mmg/g is the adsorption capacity in equilibrium
state,Q, is the maximum adsorption capacity, anés the Langmuir constant (equilibrium constdfiig) which
reflects quantitatively the affinity betweeBTW and Cu(ll) ions (Figure 5). The plotted data shows that the
experimental data fitted reasonably with the limest equation of Langmuir isotherm. The correlatoefficient
(R?) value of 0.9858 further confirm the fithess ofigauir model in describing the adsorption@f(Il) by GTW.
The parameters of Langmuir isotherm are shown liel'a, Q,,, andb were found to be 46.08g/gand 0.0633mg
respectively.

1.2

1 C./Q, = 0.0217C, + 0.3429
R?=0.9858

Figure 5. Langmuir isotherm plot for the biosorption of Cu(ll) ions ontoGTW at 30+1°C
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The affinity betweenCu(ll) and GTW adsorbent can be predicted using the Langmuirnpetexr b from the
dimensionless separation faci®r[35]:

L (4)

L= Tine,
where C, is the initial Cu(ll) concentration, and is Langmuir isotherm constant. The adsorption @sscas a
function ofR_ may be described as follows [35]:

R. > 1 unfavorableR =1 linear, 0 <R < 1 favorable, an& = 0 irreversible.
The calculated?, values for the adsorption @fu(ll) onto GTW are shown in Table 1. TH& values were 0.612,

0.345, 0.24, 0.184, 0.136, and 0.116 for ini@al(ll) concentrations 10, 30, 50, 70, 100, and pathrespectively,
which indicates a highly favorable adsorptiorCaf(ll) ontoGTW.

Table 1. Equilibrium model parameters ofCu(ll) biosorption onto GTW

Isotherm Parameters Value|
Qm (Mg/g) 46.083

Langmuir b (I/mg) 0.0633
R? 0.9858

Kr (mg/g.(.mg¥™ | 3.3016

Freundlich 1/n 0.6861
R? 0.9911

3.2.2. Freundlich Isotherm
The Freundlich adsorption equation has the follgngeneral form [27]:

Q. =K +—InC, )5

whereKg andn are the isotherm parameters to be determined.Fféendlich adsorption isotherm represents the
relationship between the corresponding adsorptepacity Q. (mg/g and the concentration of the metal in the
solution at equilibriunC, (mg/).

The result shown in Figure 6 revealed that the gudiem of Cu(ll) on GTW obeys the Freundlich adsorption
isotherm with a correlation coefficient of deteration R* value of 0.99 which is close to unity. The highueaof
Freundlich constankKg (3.3), showed easy uptake Gfi(ll) ions from aqueous solution. Tmevalue calculated
(1.458) (as shown in Table 1) reflects the intgneit sorption and signifies that, the surface &f thosorbent is
heterogeneous in nature i.e. fractional vallre(0 <1/n< 1) [35].

LnQ, = 0.6861LnC, + 1.1944
R?=0.9911

Ln(Q,)

O T T T T T T T
0 0.5 1 1.5 2 2.5 3 3.5 4

Ln(Ce)

Figure 6. Freundlich isotherm plot for the biosorption of Cu(ll) ions ontoGTW at 30+1°C
From Table 1, it is shown that both models of Langrisotherm and Freundlich isotherm have a varige ofR?
from 0.9858 for Langmuir to 0.9911 for Freundlichhus, it is concluded that the Freundlich modelais
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appropriate model to represent the biosorptionlibgiuim data. Similar results were found by Caya&f37] for
Cu(ll) and tea industry waste system.

A comparison of the maximum sorption capa€yky obtained in the present study, with those obthimgng other
sorbents (Table 2). A close look at the valuesldisgl reveals that the present sorb&iI\\) has a fair maximum
Cu(ll) uptake value as compared to the other sorbentsindgke recent past.

Table 2. Comparison for adsorption capacity ofcu(ll) ions by other natural biosorbents obtained by preious studies

Adsorbent Q (mg/g) Ref.
Newspaper pulp 10.94 [38]
Tea fungal biomass 2.2 [39]
Orange peel 50.25 [40]
Potato peels 0.38 [41]
Chitosanalginatebeads 67.66 [42]
Green tea waste 46.083 Present work|

It is well known that the Langmuir isotherm corresds to a dominant ion exchange mechanism while the
Freundlich isotherm shows adsorption-complexatiactions taking place in the biosorption proces3.[So, the
ability of a GTW to bind copper or, more generally, heavy metaki@the result of a variety of mechanisms,
including chemisorption, complexation, adsorptiamplexation on surface and pores, ion exchangeromic
precipitation, heavy metal hydroxide condensatioa surface adsorption [43]. In order to understaom copper is
removed by theGTW, it is essential to identify the functional groupssponsible for metal binding. Although
specific studies on this type of waste are lackuottgrged and polar functional groups on the proseirface and
phenolic compounds are believed to be primarilyined in metal removal [44, 45]. These groups hieeability

to bind heavy metals by the replacement of hydrages for metal ions or by donation of an electpair to form
metal complexes [43, 46].

3.3. Biosorption Kinetics

Kinetics of biosorption is one of the most impottarharacteristics that is responsible for the adfficy of
biosorption [47]. In order to investigate the meuben of process and potential rate controlling stefhe
experimental kinetic data for the uptake of coppedifferent initial concentrations, which is moeidlby the
pseudo-first order biyagergrerf48] and the pseudo-second order by Ho and McK&ay ¢4 following;

3.3.1. Pseudo-First Order Model
Lagergrerrate equation (Pseudo-first order model) is onthefmost widely used sorption rate equation tegme
the adsorption process. The pseudo-first-orderteaques [48]:

da
22— Jy(Qe — Q) ettt (B)
whereQ is the amount of adsorbate adsorbed at ti(nag/g), Q. is the adsorption capacity in equilibriumd/g, k;
is the rate constant of pseudo-first-order modéin{n), andt is the time. After definite integration by applgin
initial conditions at=0,Q = 0 and at =t, Q = Q,, the equation becomes [48]:

log(Q. — Q) = logQe ——2—t e, @)

2.303

The straight line plot dbg(Q.-Q;) against gives the value of adsorption rate constiytds shown in Figure 7.

The values of adsorption rate constan) for removal ofCu(ll) onto GTW are given in Table 3. These values
indicated that the adsorption rate was very fasthat beginning of adsorption of copper orf@@W But the
correlation coefficient®?) of the pseudo-first order model were not higtsswn in Table 3, in whicR® ranged
from 0.478-0.983 for 10-12ppmof C(I1) solutions. SoR? values show that this model cannot be appliededipt
the adsorption kinetic model. In most cases inlitheature, the pseudo-first order equatiorLafiergrerdoes not fit
well for systems [1, 27, 47, 50].
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Figure 7. Fitting of pseudo-first-order model forCu(ll) biosorption onto GTW
(30£1 °C, 0.3 g dosage/100 ml, 200 rpm, and § pH
Table 3. Pseudo-first order model kinetic parametes for Cu(ll) biosorption onto GTW
itial Concn.
( 10 30 50 70 100 120
Paramete
ki (1/min.) 0.0311| 0.0428 0.043% 0.038 0.0343 0.0373
Q. (Mg/g) 13.621| 7.941| 13.674 17.467 23.2B5 33.441
R 0478 | 0.988| 0.978] 0.983 0.974  0.943
2.3.2. Pseudo-Second Order Model
The pseudo-second-order model can be representid fallowing form [49];
aQe _ 2
s ko (Q. — Qo) e 8)(

where k, is rate constant of pseudo-second-order mogéhd.min. After integrating equation for boundary
conditions at=0, Q=0 and at=t, Q=Q,, the following form of equation can be obtainef][4

t 1 1
—_= +—C i ieeem e 9
0 k202 ' Qe 9

The initial sorption rate img/g.min ast— 0 can be defined as;

a9 — 2
( p” )mmal k,Q2 (10)

The initial sorption rate, the equilibrium adsogpticapacity Qe), and the pseudo-second order rate congtaren
be determined from plot &fQ; versus t as shown in Figure 8.

Table 4 shows the parameters of pseudo-second mrgeand the correlation coefficient. The higRéwalues of
the data confirm that the pseudo-second order nuudeided better correlation than pseudo-first onthedel, this
behavior also approved by Amarasinghe & William4][2Z'he initial adsorption rate decreases withiahisolution
concentration increase and the rate constant dexgerith the solution concentrations increaseshawn in Table
4,
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35
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Figure 8. Fitting of pseudo-second-order model fo€u(ll) biosorption onto GTW
(30£1 °C, 0.3 g dosage/100 ml, 200 rpm, and pH 6

Table 4. Pseudo-second order model kinetic parametefor Cu(ll) biosorption onto GTW

itial Concn.
10 30 50 70 100 120
Parameters
Q. (Mmg/g 3.589 | 10.549 17.606 23.697 32.67P 44.843
ko (g/mg.min) 0.377| 0.01549 0.00396 0.00172 0.000698 0.00048
(dQ/dt)niia (9/mg.min.)| 4.863 1.724 1.226 0.964 0.745 0.6683
R 0.989 0.988 0.984 0.984 0.979 0.96b

The pseudo-second order model is based on the pSsarthat the sorption of a metal by an adsoriesy involve
a chemical sorption (Chemisorption) which can keertite controlling step [35]. So, the At high camtcation the
difference between the metal ion concentratiorhédolution and that on the solid-liquid interfaajch is not the
driving force for the adsorption. In addition, thpplicability of pseudo-second order rate also fptmirthe fact that

biosorption is the rate-limiting step, and thatpion of the metal ions involves two species, iis ttase, the metal
ion and the biomass [51].

By comparing the coefficient determinati®fin Tables 3 and 4, it is observed that the pseseond order model
fits the experimental data with highBf values (0.966 to 0.989) than the pseudo-first oRfevalues (0.478 to
0.988). The higheR? values confirm that adsorption is well represettgthe pseudo-second-order model.

CONCLUSION

The present study shows that waste greepdaealer GTW) was an effective biosorbent for the adsorptioQofil)
ions from aqueous solutions. The effect of progesameters like contact time, metal ion concemmatpH, and
adsorbent dosage were studied. The uptake of cappsrby the biomass was increased by increasirtgl o
initial concentration but decreased in percent gatsm of the total initial metal concentration. &'imetal uptake
was also increased by increasing pH up to 6. Highktthan 6 led to decrease in metal uptake. Thieesigpercent
adsorption of 90% was attained by metal initial gamtration of 1Qppm of Cu(ll) solution. This suggest that, for
industrial application of waste tea powder to beaive optimally for wastewater treatment, coppentaminated
industrial effluent should be diluted to pm The biosorption isotherms Gu(ll) onto GTWpowder could be well
fitted by the Langmuir and Freundlich equationse Tosorption could be best described by Pseudorsecrder
kinetic model. These results clearly support thespmlity of usingGTWfor the removal of copper and, possibly, of
other heavy metals from contaminated waters. Thbesh does not require any pretreatment or actimatand
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hence used as an adsorbent for heavy metal iontheagfore be expected to be economically, techipiésasible
and an environment-friendly.
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