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ABSTRACT

The effective removal of heavy metals from aqusolgions is the most important issues for manyntes.
Removal of lead(ll), zinc(ll) and cadmium(ll) fromgueous solutions were studied using Tobacco leRatEh
sorption experiments were performed as a functiopHy contact time, solute concentration, tempeamtparticle
size and sorbent dose. The maximum contact timé@déoequilibrium condition was 120min at the sotbédose rate
of 0.5g. The results were well fitted by both Langrand Freundlich isotherm models.
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INTRODUCTION
Removal of heavy metals from wastewater is of primamportance because they are not only causing
contamination of water bodies and are also toxiangny life forms. Heavy metals in human bodies témd
bioaccumulate, which may result in damaged or redunental and central nervous function, and dan@mgéood
composition, lungs, kidneys and liver. The

regulatory levels of health metals in drinking wadee presented in Table (1) [1-3].

Table (1): Drinking water limits of heavy metals [13].

Org.| Lead (mg/l)] Copper (mg/l) Nickel (mg/l)| Zinc (mg/l)| Cadmium (mg/l
EPA 0.015 1.3 n.a. 5.0 0.005
WHO 0.01 2.0 0.07 n.a. 0.003

EU 0.01 2.0 0.02 n.a. 0.005

n.a.: No regulatory level data available.

Several techniques such as chemical precipitatioxidation, reduction, coagulation, solvent extracti
electrochemical treatment, and membrane separatime been used. Coagulation — flocculation and asm
precipitation are the most widely used techniquétowever, they both have the drawbacks of difficllidge
disposal and the diminished effectiveness wheritrgavater with low heavy metal levels [4]. Membeatiltration
and reverse osmosis were also reported [5]. Howeliese methods usually involve materials and lbigération
costs. Other methods such as electrodialysis, memebelectrolysis and electrochemical precipitatiave also
been investigated but their applications have Beeited due to the high energy consumption [6]. (8ion is an
effective way of separating solute particles. Gmather hand, it is a cost— effective method dugeanvolving of
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low — cost materials and convenient operations.yThave been proved to be a very effective technifque
removing contaminants from water such as ammordahaavy metals [6-8]. Moreover, ion exchange isipaar
effective for treating water with low concentratiofi heavy metals which is very common in practié¢ [n
sorption, positive and negative charge ions fromagoeous solution replace dissimilar ions of theesacharge
initially in the solid [9]. However, these commarcthniques are too expensive to treat low levelseairy metals in
wastewater. Sorption techniques (adsorption ancei@mange) have been commonly employed for the vahaf
heavy metal ions [10]. The advantages of this peaee the use of relatively low cost materialghhiemoval
efficiency and having no secondary pollution [12].1

MATERIALS AND METHODS

Wastewater used in this experiment consists of yneastals. The heavy metals used consist of leatdt, znd
cadmium. The desired concentration of heavy metalgater was 40mg/l in preliminary experiments, ahestalts
were dissolved in wastewater.

To achieve a concentration in water of 40 mg/l, snasheavy metal salts added to water by assuningptete
dissolution was calculated as follows equation:

W=VxGxaWt (1)

At.wt

Where: W: Weight of heavy metal salt (mg), V: Volerof solution (I), € Initial concentration of metal ions in
solution (mg/l), M.wt: Molecular weight of metallség/mole), At.wt: Atomic weight of metal ion (g/ie)

1.1. Lead

The metal salt used to produce a water of solutde was lead chloride Ph®ls a molecular weight (M.wt) of
278.10 g/mole. The molecular weight of Pb is 2QyrBole. To achieve a concentration in water of 4| rof lead
cations (PB") the following equations were used:

PbCh (s)— Pl (aq) + 2C4 (aq) ... .(2)

278.10 (g/mole)
ol 7
207.2 (g/mole)

W = 1(I) x 40 (mg/l)
= 53.687mg Pbgl

1.2. Zinc

Zinc was added in the form of zinc (Il) chloridengdrate with a formula of Znghas a molecular weight of 136.29
g/mole. Zinc has a molecular weight of 65.37g/mdle.achieve a concentration of 40 mg/l of zinc aagi (Zri")
the following equations were used:

ZnCh, (s}—» Zfi (aqg) + 2Cl(aq)...... (3)
W = 1(I) x 40 (mg/l)

136.29 (g/mole)
X—_ ol 7
65.37 (g/mole)

=83.434 mg Zngl

1.3. Cadmium

Cadmium was added in the form of cadmium chloride & molecular weight of 228.34g/mol. Cadmium¥THas

a molecular weight of 112.4 g/mole. To determine &mount of CdGl2¥2H,0 necessary for a concentration of
40mg/l of Cd? the following equations were used:

CdCh.2%4H0(s) — » €d(aq) + 2CF (aq) + 22HO (I) ... (4)
228.34 (E1)
“" \mole

=81.26 mg Cd£2%2H,0
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RESULTS AND DISCUSSION

1.4. Effect of Contact Time:

The sorption capacity of biomass increased withinenease in contact time before equilibrium waschea as
shown in Figure (1). Sorption got slowdown in lasérges because initially a large number of vasarface sites
may be available for sorption and after sometithe,remaining vacant surface sites may be difficattupy due to

forces between the solute molecules of the solititak phase. The diminishing removal with incregsime may
also be due to intraparticle diffusion process dwating over sorption [13].
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Figure (1): Effect of contact time on removal effiency of heavy metal ions by Tobacco leaves.
(pH=6; m=0.5 g; T=20+1 °C; G=40 mg/L; speed=200 rpm).

The fast uptake capacity obtained at the initiagjstmay be explained by an increased availabilityhé¢ number of
active binding sites on the sorbent surface. Toe sind insignificant sorption observed as time peeges are due
to the fact that every sorbent has a limited nunafb@ictive sites which becomes occupied with tid [

1.5. Effect of solution pH:

Most plant materials are made up of complex orgessalues such as lignin and cellulose that corsaireral types
of polar functional groups. These groups can belired in chemical bonding and may be responsili¢hie typical
cation-exchange characteristics of most biomaterihe pH of the aqueous medium affects the suidhaege of
the sorbent, the degree of ionization, and theiepexf the sorbate [15]. The overall trend obserivethe pH-
dependent sorption behavior suggests that metakepiccurs through ion-exchange. The binding falam ion-
exchange mechanism that involves electrostaticdntmn between the negatively charged groups énwhlls of
the biomass and the metallic cations. At low pHe Hurface of the sorbent would closely be assatiati¢h
hydroxonium ions (K0") that hinder the access of the metal ions to tifase functional groups, consequently, the
percentage of metal ion removal may decreasenaptd [16]. Figure (2) Show effect of PH.
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Figure (2): Effect of pH on removal efficiency of leavy metal ions by Tobacco leaves.
(t=90min; m=0.5 g; T=20+1°C; G=40 mg/L; speed=200 rpm).
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1.6. Effect of biosorbent dose:

The sorption of heavy metal ions increases as dhieeat dosage increases due to the limited avhilaloif the
number of sorbing species for a relatively largember of surface sites on the sorbent at higheagiosf sorbent.
It is plausible that with higher dosage of sorb#i@re would be greater availability of exchangeadiles from
metals ions. The significant increase in uptake aEserved when the dose was increased to readedimalue of
dosages, in this value the maximum removal effjewas keeping same. Any further addition of thebent
beyond this did not cause any significant changheénsorption show Figure (3). This may be duevierlapping of
sorption sites as a result of overcrowding of sotlmarticles [17].This suggests that after a certlise of sorbent,
the maximum sorption sets in and hence the amoligns bound to the sorbent and the amount of foes
remains constant even with further addition ofdlse of sorbent. The results can be explainedcassequence of

a partial aggregation, which occurs at high bion@sgentration giving rise an increase of activessand hence
biosorption [18,19].
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Figure (3): Effect of sorbent amounton removal effliency of heavy metal ions by Tobacco leaves.
(t=90min; pH=6; T=20+1°C; C;=40 mg/L; speed=200 rpm).

3.4. Effect of initial metal concentration:

The amount of initial ions sorbed increased wittréase in initial concentration. This is expectedduse at higher
initial concentration more efficient utilization aftive sites is envisaged due to a greater drifonce by a higher
concentration gradient. The increase in concentrdtads to increase in collision between the md the active
sites, which is a major factor in kinetics for iease in the rate of chemical reactions. Also thisease is due to
higher availability of ions for sorption. These giion characteristics indicate that surface satumds dependent on
the initial metal ion concentration, as this detewas the amount of metal ions sorbed by the bionme®e presence
of available active sites. At low concentrationgpsion sites took up the available metal ions maqreckly.
However, at higher concentration, metal ions neediffuse to biomass surface by intraparticle diféun [20].

Some time when the heavy metal ions concentraticreased the rate of sorption decreased. In this metal

concentration showed an inverse relation with sonpt.e. maximum sorption occurs at minimum coticion of

metal ions; it may be so because greater numbiemsfin the solution causes more number of coltisiand thus
leading to desorption of metal ions from the bimgdgites of sorbent particles whereas with limitedhber of ions
there are limited number of collision between thetahions that is why low concentration showed bigtates of
sorption [21]. Figure (4) show the effect of init@ncentration.
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Figure (4): Effect of initial concentration on removal efficiency of heavy metal ions by Tobacco lease

(pH=6; m=0.5 g; T=20+1°C;t=90min; speed=200 rpm).
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3.5. Effect of solution temperature:

The sorption of heavy metal ions onto natural sotbevaste biomass increased with increase in teahper
suggested that the sorption process is endothermi@ature. The increase in equilibrium biosorpticapacity
indicates that higher temperature favor the sonptibheavy metal ions from aqueous solution shogufé (5). The
magnitude of the increase in amount as temperdsuircreased continues to decline as temperatuiecisased
[22]. This is because with increasing temperattive,attractive forces between biomass surface atdlnons are
weakened and the sorption increases. Also, atteigiperature, the thickness, of the boundary lagerahses, due

to the increased tendency of the metal ion to es@apn the biomass surface to the solution phaké&haresults in
a increase in sorption as temperature increasés [23

3.6. Effect of biosorbent size:

The removal of heavy metal ions at different péatiizes illustrated that removal rate increasebhagparticle size

decreases. The relatively higher sorption ratehasphrticle size decreases is due to the increasarface area.
Show Figure (6).
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Figure (5): Effect of Temperature on removal of heay metals by Tobacco leaves.
(pH=6; m=0.5 g; t=90min; G=40mg/l; speed=200rpm).

There is a tendency as fine particles exhibit lesee to equilibriate in shorter time.This was mpsobably due to
increase in the total surface area which providedensorption sites for metal [24].
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Figure (6): Effect of particles size on removal eftiency of heavy metal ions by Tobacco leaves.
(t=90min; pH=6; T=20£1°C; Ci=40 mg/l; speed=200 rpm).

3.7. Equilibrium Isotherms:

There are several models that express a relatiatweka the amounts of sorption and the residualtsolu
concentration. The most frequent models are theirasir, Freundlich, Temkin, and D-R sorption isothenodels.
An isotherm describes the relationship of the cotre¢ions of a solute between two separate phassgudibrium
at a constant temperature. A sorption isotherrm thieuld express the relation between the amoursiobfte or
vapor sorbed as a function of the equilibrium coticgion of the solute or vapor in the solution.sérption
isotherm describes the process without referentigetonechanism [25]. The equilibrium sorption issth points to
how the sorbate molecule or ions are distributetivéen the solid phase and the liquid phase. To dindthe
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suitable isotherm models, analysis of isotherm dgtadapting to different isotherm models is anantgnt step
that can be used for design purpose. In the pressearch, the sorption equilibrium data of PEr**, and Cd" by
Tobacco leaves was analyzed in terms of Langmteurkdlich, Temkin, and D-R isotherm models [26].

3.7.1. Langmuir isotherm:

The Langmuir isotherm model is based on ideal aptiom of a total monolayer sorption on sorbent acef[27].
Langmuir equation relates the coverage of molecales solid surface to concentration of a mediumvabthe
solid surface at a fixed temperature. The isotherrhased on three assumptions, namely, sorptidimited to
monolayer coverage, all surface sites are alike adonly accommodate one sorbed atom, and thityatila
molecule to be sorbed on a given site is indeperafdats neighboring site’s occupancy [27,28].

The Langmuir equation was developed in the 1990getzribe the sorption of gas molecules on plandaces.
This model was later extended to liquid systemserehspecies in solution are involved. The Langnmoddel
suggests that sorption occurs on homogenous ssrfacenonolayer sorption (sorption onto a surfacen i finite
number of identical sites), without interactionweén sorbed molecules. The equation (5) descriteesbdel:

__ qmbCe
e= I e (5)

Where: b= is constant related to the affinity of thinding site (L mg), q.= the sorbed metal ions on the biomass
(mg g%, C. = metal ions concentration in the solution at Bogiim (mg L™Y), and @ - maximum sorption capacity
for a monolayer coverage (md)g

The maximum sorption amount of the metal ion pérweright of biomass needed to form a complete neyer on
the surface. grepresents a practical limiting sorption capauwitben the surfaces fully covered with metal ions and
assists in the comparison of sorption performantés. sorption parameters.{gb) can be determined from the
linearized plotting 1/gvs. 1/G as shown in figure (7) according to equation (&) &able (2) show this parameter.

Ce 1 Ce

S (®)

de amb dm

Probably the Langmuir isotherm model is the mostelyi applied model because it allows obtainingrtteximum
sorption capacity (g for given sorbent/sorbate system, at constanpéeature [29].
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Figure (7): Langmuir isotherm for sorbent of lead,zinc, and cadmium on Tobacco leaves.
(pH,=7;T=20°C; m=0.5g; t=90min; speed=200 rpm)

3.7.2. The Freundlich isotherm:
The Freundlich isotherm model is based on hetermmensurface assumption, expressed by equati@Dhs [

Ge = Kp CM™iiviiiinin. 7

Where: K-and n = the Freundlich constants; félated to the sorption capacity, (md)g
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Table (2): Parameters of Langmuir isotherm for sorgion of metal ions on Tobacco leaves.

Matrix Metal | 1/g,b [ b*107 | R

@y | W
Pb Pb [ 3.052| 462 0.933
Zn Zn [ 1.264| 3.188] 0.782
Cd Cd [ 2124 1.935] 0.97]
Pb+Zn Pb [ 3.104| 6.798] 0.83j
Zn | 1564 | 3.052] 0.88
Pb+Cd Pb [ 3.598| 6.309] 0.894

Cd 2.202 | 1.435| 0.994
Zn+Cd Zn 2.06¢ | 3.51¢ | 0.67¢

Cd 3.178 | 1.516| 0.997
Pb+Zn+Cd Pb | 8.604 | 6.567| 0.897
Zn 3.775| 3.091| 0.849
Cd 2.275 1.2 0.994

The Freundlich isotherm describes equilibrium otef@geneous surfaces and hence doesn’'t assume ayenol
capacity. The larger its value, the higher capacitis the sorption intensity or the heterogeneftthe sorbent; the
more heterogeneous the surface, the larger itev#il/n approaches 1, the equation becomes litiedm value
within 0.1 and 1 there is a favorable sorptionl# sorbate on the given sorbent. The Freundlildtioa is an
exponential equation that assumes that the coratmtrof sorbate on the sorbent surface increagesdbeasing
the sorbate concentration in the liquid phase. Eoog8) can be linearized in logarithmic form atheé Freundlich
constants can be determined.

1
logqe = (5)log Ce + 10g K ovvvooven ®)

The values K and n can be estimated respectively from thedefdrand slope of a linear plot of experimentahdat
of logqg. versus logg€ as shown in Figure (8) and Table (3). Freundlgttiierm provides no information on the
monolayer sorption capacity in comparison with tla@gmuir model. This isotherm is widely recommendeé to
its accuracy. If gives more accurate results thenLangmuir isotherm for a heterogeneous sorptystems [25,29
and 31].
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Figure (8): Freundlich isotherm for sorbent of lead zinc, and cadmium on Tobacco leaves.
(pH=6;T=20°+C; m=0.5g; t=90min; speed=200 rpm)

3.7.3. The Temkin isotherm:

Another empirical equation is the Temkin equatiooppsed originally by Temkin 1935. Temkin and Pyzhere
considered the effects of indirect sorbate/sorligractions on sorption isotherms. The heat optsom of all
molecules in the layer would decrease linearly witliverage due to sorbate/sorbent interactions [B2¢. linear
form of the Temkin isotherm equations are give[3&$:

qe = BT anT+ BT ln Ce ......... (9)
And

RT
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Where: K is Temkin sorption potential (L/mg),s&b+ are Temkin constants.

When @ was plotted against InCa straight line with the slope of;Bnust be obtained. The height value of
correlation coefficient Rwas indicated that the sorption data was webditio the Temkin isotherm. The values K
and Br can be estimated respectively from the intercagtdope of a linear plot of experimental datajofersus
LnGC; as shown in Figure (9) and parameters listed ier@l).

Table (3): Parameters of Freundlich isotherm for sgption of metal ions on Tobacco leaves.

Matrix Metal | K-*102 | 1/n R
(mg/g)

Pb Pb 8.912 1.857| 0.913
Zn Zn 6.229 2.662| 0.879
Cd Cd 3.177 2.948| 0.961
Pb+Zn Pb 5.584 2.249| 0.781
Zn 5.623 1.9 0.875
Pb+Cd Pb 4.325 2.251| 0.827
Cd 8.37 1.831| 0.964
Zn+Cd Zn 5.754 1.54 0.558
Cd 4,218 2.533| 0.924
Pb+Zn+Cd Pb 5.333 3.806| 0.789
Zn 7.120 2.28 0.901
Cd 5.184 3.397| 0.964

c @ single pb
single zn
single cd

1.5 T T T g 1
2 4 6 8 10

Figure (9): Temkin isotherm for sorbent of lead, znc, and cadmium on Tobacco leaves.
(pH=6;T=20%°C; m=0.5g; t=90 min; speed= 200 rpm

3.7.4. The Dubinin-Radushkevich (D-R) isotherm:

Dubinin, Polanyi, and Radushkevich suggested ab®4¥ a simple but very useful empirical theorylltg one to
calculate the amount of gas sorbed in microporousent. The theory was based on a pore filling rh{gig. The
Dubinin equation (Dubinin, 1966, 1967, 1972, an@3)%as its history in the development of theonydorption in
activated carbon.

Table (4): Parameters of Temkin isotherm for sorpton of metal ions on Tobacco leaves.

metal | metal]| B*107 K;*107[ by *10?| R
(J/mol)] (L/mg)

Pb Pb 7.9 3.63 3.08 0.835
Zn Zn 4.2 2.57 5.80 0.944
Cd Cd 6.6 2.28 3.69 0.93§
Pb+Zn| Pb 5.1 1.06 4.77 0.83

Zn 4.2 6.55 5.80 0.68
Pb+Cd| Pb 55 1.86 4.43 0.717
Cd 3.0 5.48 8.12 0.912
Zn+Cd| Zn 11 3.0 2.21 0.438
Cd 2.2 4.87 1.10 0.873
Pb+Zn| Pb 3.3 1.37 7.38 0.654
+Cd Zn 25 4.26 9.74 0.931
Cd 3.0 1.39 8.12 0.913
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The best utility of the Dubinin-Radushkevich eqoatiies in the fact that the temperature dependeficgich

equation is manifested in the sorption potenti&l.[3 oday it is used for both characterization ofqus solids and
also for engineering purposes. It has been theas®ib considered as a fluid phase in the sendeohodynamics,
which is exerted to the external forces of the @a@md molecules located on the surface of a sorhaterial [34].

The linear form of the (D-R) isotherm equatiomgigen as [33]:

ln qe = lnqm,DR - KDRSZ ......... (11)

Thee parameter is calculated from
e=RT In (1 + Ci) .............. (12)

Where: Ky is D-R constant (nfgF), ¢ is Polanyi potential (J/mg), R is universal gasstant (8.314 J/mol.K) and
T is temperature (°K).

When Ing was plotted against’, a straight line with the slope of 5K must be obtained. The height value of
correlation B was indicated that the sorption data was weéditio the D-R isotherm. The valugsgg and Kgr can

be estimated respectively from the intercept angesbf a linear plot of experimental data of loggesus logg as
shown in Figure (10) and parameters listed in T&@ble

2.5 -
°
[ J
2 4
& 1.5 1 ¢ @ single pb
: .
= 14 @ single zn
0.5 - single cd
O T T 1
0 5 10 15
82 * 104

Figure (10): Dubinin-Radushkevich isotherm for sorkent of lead, zinc, and cadmium ions on Tobacco lees.
(pH=6;T=20%°C; m=0.5¢g;t= 90min).

Table (5):Parameters of Dubinin-Radushkevich isothen for sorption of metal ions on Tobacco leaves.

matrix metal| qor | Kor*107 | R
(mglg) | (m@/F)
Pb Pb 1.322 0.1 0.842
n zZn 3.240 0.2 0.883
Cd Cd 2.042 0.5 0.937
Pb+Zn Pb 9.884 0.08 0.856

Zn 2.809 0.1 0.87
Pb+Cd Pb 1.756 0.2 0.819
Cd 1.31¢ 0.z 0.94¢
Zn+Cd Zn 2.924 0.1 0.588
Cd 3.279 0.2 0.914
Pb+Zn+Cd Pb | 3.242 0.4 0.767
Zn 2.744 0.1 0.884
Cd 1.635 0.1 0.951

3.8. Sorption kinetics:

Kinetics of sorption describing the solute upta&ey which is turn governs the residence time gftgan reaction,
is one of the important characteristics defining #fficiency of sorption. Several researchers hased different
kinetic models to predict the mechanism involvedhia sorption process. These include pseudo-fidgromodel,
pseudo-second-order model, Webber and Morris sorpkinetic model, first-order reversible reactiorodsal,
external mass transfer model, first-order equatioBhattacharya and Venkobachar, Elovich’s model Ritichies’s
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equation. Pseudo first-order and pseudo second-&idetic models are widely used [28, 36]. To inigste the
reaction-based model, pseudo-first-order and pseadond-order models were employed. This model lwan
expressed by egs. (11) and (14), respectively [37].

3.8.1. Pseudo first-order kinetic model:

Lagergren (1898)s presented a first-order ratetequto describe the kinetic process of liquid-dghase sorption
of oxalic acid and malonic acid onto charcoal, Wwhig believed to be the earliest model pertainmghe sorption
rate based on the sorption capacity. It can beepted as follows [38]:

d
% — kl (qe —_ Qt) ............. (13)

Where: g and q (mg/g) are the sorption capacities at equilibriand time t (min), respectively, Kmin™)is the

pseudo-first-order rate constant for the kineticdelolIntegrating eq. (13) with the boundary comdfif of g=0 at
t=0 and ¢=q, at t=t, yields.

Which: can be re-arranged to:
k
log(qe — q;) = logqe—$xt ........ (15)

To distinguish kinetic equations based on sorptiapacity from solution concentration, Lagergreir'stforder rate
equation has been called pseudo-first-order [3Ptetent years, it has been widely used to destnidsorption of
pollutants from wastewater in different fields, Bugs the sorption of methylene blue from aqueolistisa by
broad bean peels and the removal of malachite greenaqueous solutions using oil palm trunk fip#8-42].
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Figure (11): Test of pseudo first order equation fosorption of lead, zinc, and cadmium ions on Tobam leaves
(pH=6; m= 0.5g; speed= 200 rpm; T= 20£C, Ci= 40 mg/l).

Table (6): sorption rate constants, estimatedgand coefficients of correlation associated to thieagergren first order model for Tobacco
leaves.

metal| metd Geep| Kix10] g | R
(mg g") (min?)| (mgd")

Pb Pb| 6.4 4.606 6.729| 0.98

n Zn 3.6 1.842 3.784| 0.99

Cd Cd| 5.8 2.993 4.092| 0.95
Pb+Zn Pb 6.4 6.678 11.994 0.98
Zn 2.8 2.303 3.388| 0.99
Pb+Cd Pb 6 2.763 5.649| 0.96
Cd 5.2 3.454 5.470| 0.99
Zn+Cd Zn 2.8 4.606 3.198 1
Cd 5 4.37¢ 4.39% | 0.99
Pb+Zmy{ Pb 6 4.375 5.997| 0.99

Cd Zn 3 3.915 4.666 0.95
Cd 4.7 3.684 4.139| 0.99
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3.8.2. Pseudo-second order kinetic model:

In 1995, Ho described a kinetic process of the temmpof divalent metal ions onto natural sorbedt3]] in which

the chemical bonding among divalent metal ions @oldr functional groups such as aldehydes, ketamds, and
phenolics are responsible for the cation-exchamgadty. The rate of sorption described by eq.{¢4ependent
upon the amount of divalent metal ions on the serfaf sorbents at time t and that sorbed at edquilib The

driving force, (g—@), is proportional to the available fraction ofigetsites [44]. Then, it yields

a
ﬁ: ky(qe = G0)% v, (16)
Eg. (16) can be re-arranged as follows:
d9c  _
eR— kapdt i (A7)

Integrating eq.(13) with the boundary conditiongjef at t=0 and gqt at t=t, yields

1 1
et ST (18)

Which can be re-arranged as follows:

And

Where: h (mg/(g.min)) means the initial sorption rate, ahé constants can be determined experimentally by
plotting of t/q; againstt. Similarly, Ho’s second-order rate equation hasrbealled pseudo-second-order rate
equation to distinguish kinetic equations basedsorption capacity from concentration of solutio][4This
equation has been successfully applied to the isorpf metal ions, dyes, herbicides, oils, and oigaubstances
from aqueous solutions [45-50].

Plotting t/q; againstt at different sorbate concentrations provided séocmmler sorption rate constar)(and ge
values from the slopes and intercepts as showilkdgiare (12).

The values of correlation coefficient indicate addit of Lagergren second order model with theezkpental data.
In addition, there is only little difference betwethe gc,and qc.(Table 7), reinforcing the applicability of
pseudo-second-order. In many cases the first okdwestic process was used for reversible reactioth vain
equilibrium being established between liquid antidsphases. Whereas, the second order kinetic masimes
that the rate limiting step may be chemical sorpfmi].

30 +
25 - [)
20 - /
g 15 -
10 -
i i Oangle pb @ single zn A single cd
0 t(r%?n.) 100

Figure (12): Test of pseudo second order equatiooif sorption of lead, zinc, and cadmium ions on Tobeco leaves
(pH=6; m= 0.5g; speed= 200 rpm; T= 20£C, C;= 40 mg/l).
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Table (7): sorption rate constants, estimated«gpnd coefficients of correlation associated to theagergren second order model for
Tobacco leaves.

metal| metd Qe exp(Mgd)] Kz *107 Ge R?
(g/mgmin) (mgg*
Pb Pb 6.4 1.957 6.84D 0.984
Zn Zn 3.6 0.806 4.324 0.84
Cd Cd 5.8 3.834 6.060 0.9P5
Pb+zZn Pb 6.4 1.205 6.89¢ 0.98
zn 2.8 0.839 3.311 0.971
Pb+Cd Pb 6 2.192 6.06Q 0.997
Cd 5.2 3.930 5.464 0.997
Zn+Cd Zn 2.8 2.917 3.021 0.992
Cd 5 3.356 5.025 0.999
Pb+Zny Pb 6 4.494 5.952 0.999
Cd zn 3 2.972 2.840 0.995
Cd 4.7 2.336 5.05( 1

3.9. Sorption thermodynamics:
The important thermodynamic parameter, Gibbs fregy change for the sorption process is relatedjtdlibrium

constant by the classic van Hoff equation as:

Where:AG® is the standard free changel njol), T the absolute temperaturéKj andR gas constantJmol'K™),
Kcthe equilibrium constant for sorption process gesented as follow equation [52]:

Where: Cs is the concentration of heavy metals on the sdrla¢nthe equilibrium andC, is the equilibrium

concentration of same metals in the liquid phase.
The Gibbs free energy change is also related tté¢la¢ of sorption and entropy change at constampéeature by

the Well-known thermodynamic equation:

AG" = AH®° —TAS® ................ (23)

Where:AH® is enthalpy changel (mol*), AS°is entropy changeJ(mol* K). The value ofAH®° andAS® can be
calculated from the plot &G° vs. T [26].

Or: Can be calculated from the slope and interoéfite linear plot ofnK;vs. 1/T from the equation [53]:

AS AH
In KC = ? - E .................. (24)

@ single pb
® single zn
single cd

0.003 0.0032 0.0034
1/T (min.%)

Figure (13): Variation of equilibrium constant (K¢) as a function of temperature by Tobacco leaves.
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CONCLUSION

According to the experimental results, the Tobaleaves sorbent an effective, low cost, and alter@atorbent
precursor for the removal of lead, zinc, and cadmions from wastewater. The equilibrium conditiomsre

attained equilibrium within 90 min. The sorptionpeaity first increased with increases in contacietidue to the
availability of the uncovered surface area of thidoents, then remains almost constant, which reflige maximum
sorption capacity of the sorbent under operatingditmns. It has been found that the sorption iasesl with
increasing in pH until the optimum pH is reachedcduse the surface of sorbent becomes negativigharipH

values. The amount of heavy metal ions removal weseased with increasing temperature, While thraonal

percentage of heavy metal ions does not have sahavior with the increasing concentration. The Sonp
capacity increased with increasing sorbent dosagetal grate surface area. The sorption efficierfdyeavy metal
ions increased with decreasing particle size dued@asing in surface area which provides greatenber of sites
for sorption.

The linear Langmuir, Freundlich, Temkin and D-Rti@yms were used to represent the experimental aaththe
data could by relatively well interpreted by Langmaotherm model, and it was found that the somp®f heavy
metal ions followed pseudo-second-order kinetidse $orption thermodynamic study showed that thptigor of
heavy metal ions becomes more feasibility and ramass with increasing in temperature due to negatilue of
AG and positive oAS, respectively. The sorption process is endothedué to positive value afH.
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