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ABSTRACT

The adsorption/biosorption onto granular activateatbon, waste of fungi (white Agaricusbisporus)andflower
shells for Cu (ll) and Co (Il) removal from aqueaadutions was evaluated. The effects of experamhparameters
pH, contact time, adsorbent dose and initial comigion on heavy metal sorption were investigat®dximum
sorption capacity was reached at optimum pH 5.0e Tésults showed that waste of fungi performedebett
efficiency removed heavy metal compared with ganattivated carbon and sunflower shells. Sevesatherm
models were used to fit the experimental data. Rdéoh isotherm model matched very well the adsonpt
equilibrium data in the studied conditions. Sevddaletic models were applied to fit the adsorptiesults. The
experimental data processes were well describethidgecond-order reaction kinetic. Adsorption of(@uand Co
(I onto different adsorbents was influenced bgrofsorption and intraparticle diffusion.

Key words: GAC, Agaricusbisporug\dsorption, Biosorption, Isotherm, Kinetics, Heawgtals.

INTRODUCTION

Heavy metals cannot be discharged directly to therenment due to its harmful effects to human. Sehenetals
can cause accumulative poising, cancer, nervousessk® ingestion system damage and ultimately
death(Corapeioglu andHuang , 1987;Bailey et al91®%sabayeva G. Aroua and Sulaiman,2007).The nsajorce
of heavy metal pollution are mining operationspwlimanufacturing, tanneries, electronics, fuel, divej and
petrochemical industries(Gupta and Ali, 2000;Bacal., 2004).The most traditional methods usedrdéonoving
heavy metals from wastewaters are chemical pregipit, ion exchange, reverse osmosis, coagulagicaporation,
electrochemical treatment, electro dialysis, membrdiltration and adsorption(Brtosh et al.,2000; oge
Steinhauser, 2008).But these traditional physical éhemical methods have significant disadvantagesause of
incomplete metal removal, expensive equipment aotérgial risk of the generation of hazards by-paislu
(Volesky, 1990; Tsezos, 2001).Also, most of thesegsses suffer from one drawback especially whenrtetals
in solution are in the range of 1-100 mg/L.The higist of adsorbents such as activated carbon umethd
treatment of water and wastewater has conductedwomore effective and cheaperadsorbents (Bailay. 4999).
The biosorption of heavy metal ions by non-livingcrabial biomass offers an alternative to the éxgstphysic-
chemical technologies for detoxification and reagvef toxic and valuable metals from wastewatersBigtion is
the process in which phscio-chemical interactiotwben the charged surface groups of micro-organemasions
in solution takes place by the process of compieration exchange, microprecipitation, physical agson
etc.(Mise and Rajamanya, 2003).Many biomateriath sas seaweed, micro-algae, plant materials, ydamtteria
and fungi have been studied for their ion bindibditees. Fungi hashigh metals tolerance, wall ligdcapacity and
intracellular metal uptake capabilities may be drettompared with other microbial groups, as wellfasgal
biomass is cheap and easily produced in rathertauti'|d quantities as by product from establishedustrial
fermentation processes. Fungi can accumulate rhgtphysico-chemical and biological mechanisms.Mamgal
species such aéspergillusniger, Peniciliumspinulum and Rhizopushiushave been extensively studied for
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removing heavy metals The aim of this study isval@ate the ability of waste of fungitypelfiteAgaricusbisprus)
and sunflower shell for removal of copper and cbfyain simulated wastewaterin batch system and eoenwith
commercial activated carbon by studying the efééqiH, contact time, heavy metal concentration.@failibrium
and kinetic studies are carried out for removaCaf and C3? ions onto different adsorbents.

EXPERIMENTAL SECTION

2.1 Chemicals

All chemicals used in this study were of analytigedde supplied by LobalChemie Company, India. €hesed for
the preparing of synthetic wastewater of conceioinat000 mg/L. Stock solutions of €and C3* were prepared
by weighted accurately amount of cupper nitrate(R{s),.3H,0), cobalt nitrate(Co(Ng)..6H,O) and dissolved in
distilled water to make up 1L solution. Experiméngalutions of the desired concentration were pregpay

diluting the stock solution with distilled water.

2.2 Adsorbents

Commercial granular activated carbon (GAC) was iobthfrom LobalChemie Company, India. Each of attd
carbon,waste of fungi and sunflower shells weraigdoand screened to give a desired particle siz@-80Qum) ,
activated carbon washed with distilled water aridddover night at 105 °C

Sunflower shells (S.F.) were obtained from raw Ewnér, the shells were sequester, washed withllditivater,
and dried at 70 °C for 72 h.

Waste of fungi White Agaricusbisporyswas obtained at the end of harvested of mushrimothe north west of
Irag. The waste of fungi (W.F.) was ground, scréeneashed several times with distilledwater, dfied72 h in
oven at 70 °C then kept in desiccator.

2.3Batch experiments

The experiments were conducted at 25+1°C. For eaphrimental run, 100 ml of €u(ll) and C&* (1) solutions

of known initial concentration and pH were placed 250 ml Erlenmeyer conical flasks. A suitable
adsorbent/biosorebentdose (0.2 g) was added tedlution and the mixture was shaken at a constgitéten
speed (200 rpm) for 3 h for all sets of experimaftadsorption equilibrium isotherms, while for &tic conditions,
samples were withdrawn at appropriate time intesr¢at180 min).Samples (10 ml) were centrifuged3800 rpm)
for 10 min and the supernatant liquid was analyisetdhe remaining Ctiand C3* concentrations.

The adsorption/biosorption of heavy metal ions dB&C, waste of fungi and sunflower shells were stigated as
a function of initial pH, dose of adsorbent, cotttime and initial concentrations. Optimum condisoneeded to
attained equilibrium were established for low dostsorbents (waste of fungi and sunflower sheltg) aeompared
with the GAC. All experiments were carried out lidpte.

In order to find the optimum conditions, we useck tfollowing variables were used: pH (2-8),dose of
adsorbent/biosorbent (0.5-30 g/L), contact timel80- min),initial concentration (0-100 mg/L), palticsize of
adsorbent/biosorbent (150-30f) at room temperature (251 °C).

The percentage removal of heavy metal ions fromtevester by adsorbent /biosorbent was calculatedsing the
following equation:

Co—Ce
%Removal=—— x 100 (1)

The adsorption capacity (mg/g) was obtained by using a mass equilibriunaégno as follows:

_ (Co_ce)V

Qe = — 2

WhereC, andC, are the concentrations (mg/L) of heavy metal ianmitial and equilibrium respectively, is the
experimental volume of heavy metal solution in fijs the adsorbent mass in (g)
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RESULTS AND DISCUSSION

3.1 Effect of pH

The pH is one of the most important parametersiedeption/biosorption of heavy metals. It playsmportant role
in adsorption/biosorptionprocess (Gueu et al., 20@dhamad et al., 2008; Vijayakumaran et al., 2008

adsorption of copper (Il) and cobalt (Il) onto difént adsorbent/biosorbent(granular activated carbaste of
fungi and sunflower shells) at different pH randged 8 was studied to establish the optimum pH fisoaption of
each metallic ion. The effect of pH on the percgat@u(ll) and Co(ll) were removal are shown in Riga and b).In
the present investigation, the rate of removal Baghd Co(ll) ions in synthetic wastewater is mgiobntrolled by
pH of the solution. From Fig. 1(a and b) and Talilg it can be confirmed that the optimum pH fomoal of

copper from wastewater using granular activatebagrwaste of fungi and sunflower shells were 59,and 5.5
respectively, while for removal of cobalt were 545) and 5.5 respectively. At pH higher than 6 ho#tals were
precipitated due to formation of hydroxides. At [#ds than 4, little sorption was occurred especitipH 2. This
was due to the concentration of protons was highraetal binding sites became positively chargeéltiegg the Cu
(I and Co (Il) cations. With an increase in pHetnegative charge density on the biocarbon ineedsie to
deprotonation of the metal binding sites, thus éasing metal sorption. Generally, the optimum raofeH

solution for removing heavy metals was found 4-Bug different metals have different pH optima, doehe
different solution chemistry of the metals. (Madaskd Dean, 1989). The low sorption capacity avpies below
4.0 was attributed to hydrogen ions that competé wietal ions on the sorption sites (Tsezos ane&kyl, 1981,
Hunag et al., 1991). In other words, at lower pde do protonation of the binding sites resultingnira high
concentration of protons, negative charge interwmityhe sites was reduced, resulting in the rednatr inhibition
of the binding of metal ions (Kapoor et al., 198Xamining the results obtained from the adsorphbimsorption
experiments, it can be seen that the highest rfadéelsorption by GAC, W.F. and S.F. were 74.34%.62% and
76.84% respectively for removal of Cu(ll) ions vehB3.66%, 73.46% and 57.7% respectively for remof/&o(ll)

ions from the synthetic wastewater at optimum pH.
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Fig. 1: Effect of pH on the percentage removal, (ajopper and (b) cobalt

3.2 Effect of Adsorbent Dose

The effect of different doses of GAC, W.F and Sv&s investigated using 50 mg/L of initial concetitrna for each

of copper and cobalt at optimum pH. Fig. 2 (a apdHows an increase in percentage removal of cogpetcobalt
respectively with the increase in dose adsorbentoup certain limit and then it remains almost ¢ans The

increase in the adsorption with increasing the ddsedsorbent is expected due to the increasesarbdnt surface
area and the availability of more adsorption sifeshle (1) shows the optimum values of mass adststie7, 0.7
and 1.0 g of GAC, W.F. and S.F. respectively toaeenCu(ll) ions from synthetic wastewater , whilevas found

thatl.7, 1.0 and 1.7g to remove Co(ll) ions. Figa 2nd b) shows that an increasing the dose of GAEL.7 g, the
percentage removal will increase from 23-76.5% teva§ fungi 0.1-0.7 g, and 25-96.5% for sunfloweelts, it was

found that for dose 0.1-1 g, 24-80% for removingIguons, while for removing Co(ll).Increasing trdose of

GAC from 0.1-1.4g gave 11-47%, for using W.F 0.@glgave 25-90% and finally for using S.F. 0.1-1.gage 7-

63% respectively. A further increase above optindaose values will not have any significant effecttoa removal
of copper and cobalt ions from the solution. This e due to the fact that by increasing the maaslsorbent in
the solution can lead to adhere of adsorbentshegeind decrease the contact surfaces which comstygcause a
decrease in the percentage removal.
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Fig. 2: Effect of adsorbent mass on removal, (a) @per and (b) Cobalt at initial concentration= 50 mdL

3.3 Effect of contact time
The effect of contact time on the removal of métals was studied, Fig. 3 (a and b).The two metatsved a

steady rate increase of sorption during the sorbatieent contact process and the rate of remowvarbe almost
insignificant due to a quick exhaustion of the agton sites. The rate of metal removal is highmethie beginning
due to a larger surface area of the adsorbent lzsiaifpble for the adsorption of the metals (Saeteal., 2005; El-

Sayed, 2012).

The effect of contact time on the removal of hematals until the equilibrium condition was180 mimtm different
adsorbents using the optimum values of pH and dbselsorbent for each of lead and cadmium. Fig.a3( b)

shows the effect of contact time for the removifigapper and cobalt ions onto different adsorbdimsse figures
and Table (1) showed that the activated carbons188dmin to remove maximum amount of copper, 70 fmin
cobaltand 60 min for copper, 70 min for cobalt whesing waste of fungiwhile sunflower shell needsn3i@ for

copper and 70 min for cobalt. These figures shavrttaximum removal of heavy metal ions as followast& of
fungi> sunflower shells > granular activated carbon
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Fig.3: Effect of contact time on the uptake removabdf (a) copper and (b) cobalt at initial concentrabn= 50 mg/L

Fig. 4(a, b and c) shows the comparison uptake vahmf copper and cobalt ions at optimum conditioising

different adsorbents (GAC, W.F. and S.F.).
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Figure 4:Comparison uptake removal of copper and dualt for (a) activated carbon (b) waste of fungi (Esunflower shells

Table 1 summarize the maximum removal of the heavyetals from wastewater using various kinds of adsdent/biosorbent(GAC, W.F.
and W.F.).

Table 1: Optimum conditions for different adsorbent at 50 mg/L solutions

Copper

Adsorbent type Activated carbon Waste of fupgi  Swér shells
pH 55 4 55
Contact time ,min 130 60 130
Adsorbent mass , 1.7 0.7 1.0
Cobalt
Adsorbent type Activated carbon Waste of fupgi  Swér shells
pH 5.5 5.5 5.5
Contact time ,min 70 70 70
Adsorbent mass , 1.7 1 1.7

3.4 Effect of initial concentration of solutions ahmass of different adsorbents

The metal uptake mechanism is particularly depeinderthe heavy metal concentration. Initial concatians of
25, 50, 75 and 100 mg/L of metal ions were sele@bedhe comparative study of Cu (Il) and Co (lbns using
different adsorbents (GAC, W.F. and S.F.). Figabh and ¢) and Figure 6(a, b and c¢) showed tleetedf metal
concentration on the removal of copper and cobak from simulated wastewater. . Basically, it wisr that the
percentage removal of eachions increase with dsicigdhe initial ion concentration, and the peragetremoval
onto waste of fungi is greater than sunflower shatid GAC. The percentage removal of copper wastgréhan
cobalt .Also, the percentage removal of each iospdxbd increases sharply with dose of adsorbe@t5)@ for
copper and (0-1.0)g for cobalt, and then gradualtyeases to reach equilibrium value approximag&i)g, while
a further increase in dose had a negligible eféecthe percentage removal. The equilibrium dose faaisd to be
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independent of the initial concentration. Accordinghese results, the optimum doses found easée used for
the rest of batch experiments to make sure thaegpdibrium was reached. As a result, the rem@eatent had
shown small decreasing changes when used dosesdrefid-2) g, this can be due to the fact that byeasing the
mass of adsorbent in the solution willincreased@scentration which can lead to adhere of absoshiegether and
decrease the contact surfaces which consequentiyesaa decrease in the percent of removal, thisavih
emphasized the above mentioned analysis. Therdfaseclearly indicates that the removal of matals mainly
depends on the amounts of adsorbents and contat ti
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Fig.6: Effect of initial concentrations on uptake emoval of cobalt using (a) activated carbon, (b) vee of fungi and (c) sunflower shells

The heavy metals are adsorbed by specific sitegiged by the acidic functional groups on the adsaots, while
with increasing metal concentrations ,the spegifies are saturated and the exchange sites duedesive surface
area of the adsorbent are filled(El-Ashioukhy et 2008). It is clear that with increasing init@ncentrations, the
metal removal decreases.

3.5 Adsorption Isotherms

Adsorption isotherms is also termed as equilibridea, which describes the information of the nabfreolute-
surface interaction and specific information abourtcentration of the adsorbate and the degreesadichumulation
onto the surface of the adsorbent at specific teatpee(Tashauoei et al., 2010;Thirumal and Kaliap@011).
Isotherms are very helpful in designing adsorpsgstem (Zawani et al., 2009). Equilibrium isotherame usually
measured to determine the capacity of the adsorfmnimetal ions. An adsorption isotherm describbe t
relationship between the amount of adsorbate dr@@tlsorbent and the concentration of dissolvedradee in the
liquid at equilibrium. In order to optimize the dg@s of a sorption system and explain adsorptionilidgium,
various adsorption models have been used. Froneghemdels ,it can be studied the adsorption capacit
equilibrium coefficients for adsorption of copperdacobalt ions from wastewater onto three typeadsforbents
(GAC, waste of fungi andsunflower shells).The mostmmonly used models for solid-liquid adsorptiore ar
Langmuir , Freundlich , Temkin and Dubinin-Raduskkh ( D — R ) isotherms. Figure 7(a, b and c)cfapper and
Figure 8(a, b and c) for cobalt show the experimleand fitted isotherm data by above models atnoyoti
conditions.
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3.5.1. Langmuir model

Langmuir adsorption isotherm model is the most i@ model of monolayer adsorption, base on tseraption
that all sites posses an equal affinity for theodolste and are energetically identical. Each site frold only one
adsorbate molecule. It describes the adsorptioaviehof solutes on the specific adsorbents. Larigisotherm
can be defined through the following equation

4:.PG

Q= 3
This equation can be expresses in the linear farfollbows:

C 1 C

—~=—b+—=% @
de dm dm

Whereq, is the amount of metal ion uptake per unit wemfrddsorbent (mg/ghm, is the maximum amount of metal
ion (mg/g), C is the solution ion concentration at equilibriumg(L) andb is the Langmuir adsorption constant
related to the free energy of adsorption. The mpdelides the maximum values where they could eotdached
in the experiments (Ali Hosseini et al., 2010; Tasbei et al., 2010). Langmuir isotherm model will\ery helpful
in predicting the favorability of adsorption systewhich based on the following dimensionless faéfmhan and
Bittman, 2006).
R 1

L7 @+ be,

WhereC,is the highest initial metal ion concentration (fjg/The value ofR.indicates the type of isotherm to be
irreversible R_=0), favorable (0R «<1), linear R =1), or unfavorableR >1). All the R_ values when applied the
values of b from Table 3 (@&qual 50 mg/L) in above expression were foundededss than 1 and greater than 0
indicating the favorable sorption isotherms of eagper and cobalt ions..
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Fig. 9: Langmuir isotherm plots for sorption of (a) copper and (b) cobalt onto different adsorbents

A plot of C./g. versusC.gavestraight lines for both Cu(ll) and Co(ll) ioadsorbed onto adsorbent/biosorbent
(GAC, W.F. and S.F.). Fig. 9(a, b), the slope amércept of each line arfd/qg,) and(1/g,*b) respectively. The
numerical value of constantg, andbwere shown inTable 2. Data fitted the Langmuir mamgell for Cu and Co.
The value of saturation capacity, corresponds to the monolayer coverage and defireesotal capacity of the
adsorbent for a specific metal ion. As can be sadrigher value of},, can be obtained for removal of Cu (Il) and
Co (Il), when using a waste of fungi (34.12 mg/gmpared with sunflower shells (25.64 mg/g) and glan
activated carbon (10.08 mg/g) for removal coppasiand when using a waste of fungi (19.30 mg/g)p=ared with
sunflower shells (17.30 mg/g) and granular actidat@rbon (4.74 mg/g) for removal cobalt ions repely. Also,

it can be seen, from,, results, at higher metal concentrations, Cu (#3aption was higher than Co (ll) for the
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three adsorbents studied. At lower concentratithes differences in isotherm slope (37h) showed that, also Cu
(11 was higher than Co (1) adsorption therefdne sequence was waste of fungi > sunflower sheBA\E.

3.5.2. Freundlichmodel

Freundlich isotherm model is considered the mospontant multi-layer adsorption isotherm model for
heterogeneous surfaces. This isotherm is derivenh fthe assumption that the adsorption sites areildised
exponentially with respect to the heat of adsorptibhe general form of the empirical Freundlichtiigom model
is:

1

Qe = K;C? (5)

WhereK; is Freundlich constant (L/g) as sorption capaaitgn is the Freundlich exponent as sorption intenlity,
logarithmic linear form of Freundlich isotherm etjaa may be written as

logq. = logK; + %log Ce (6)

From Fig. 10 (a and b);A plot dbg ¢ versuslog C.gave a straight line of slope 1/n and the interéeptk; .The
values ofn andK; can be estimated from the reverse of slope amdciept respectively. The estimated values of
constant parameters of Freundlich isotherm modelddous adsorbents to uptake Cu (1) and Cosygtems were
tabulated in Table (2). TH& values showed that Cu(ll)was the more efficienéijnoved from wastewater by waste
of fungi and less by sunflower shells comparechwiite lowerK:obtained by GAC, each of waste of fungi and
sunflower shells showed better performance than GR@ value ofl/nranged O - 1 is a measured of adsorption
intensity or surface heterogeneity and becomes meterogeneous as its value gets closer to zedicating that
Cu (II) and Co (II) were favorably adsorbed by veast fungi and sunflower shells better than GAGlagwn from

all parameters were found. Table (2) shows thaftieeindlich intensity constantwas greater than unity for each
studied ions. This has physicochemical significanité reference to the qualitative characteristi€she isotherm,

as well as to the interactions between metal igesies and adsorbent. In the present stagyl for each ion
species, the adsorbents show an increase tendensgrption with increasing solid phase concergratihis may
be attributed to the fact that with progressiveaste coverage of adsorbent, the attractive foredwden the metal
ion species such van der Waals, increases mordlyagian the repulsive forces, exemplified by skrarige
electronic or long-range Coulombic dipole repulsiand consequently, the metal ions manifest a géotendency

to bind to the adsorbent site (Sulaymon et al.,920£lit et al., 1980). It is also observed tha¢ threundlich
isotherm model is well fitted for each the metaildo

40 - 1.5 - b
35 -
1 .
30 -
i (0.5 -
gZO ) % 0 )
= 4
gL ®.AC B ¥ 3
10 - ®.W.F ¢.AC
o W.F
] S.F 1- | o
T T 1 1.5_ i
0 50 100 150 Ce, mg/L
Ce, mg/L

Fig.10:Freundlicg isotherm plots for sorption of (§ copper and (b) cobalt onto different adsorbents

3.5.3. Temkinmodel

Temkin isotherm model is the early model descritimg adsorption of hydrogen onto platinum electsodithin
the acidic solutions. This modebntainsa factor that explicitly taking into the accourit axlsorbent—adsorbate
interactions. Temkin equation is excellent for pegdg the gas phase equilibrium (when organizatiom tightly
packed structure with identical orientation is netessary), conversely complex adsorption systaoigding the
liquid-phase adsorption isotherms are usually ppt@priate to be represent@¢im et al., 2004).
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Temkin isotherm considers the effects of the héatdsorption of all molecules in the layer woulccdmse linearly
with the coverage due to the adsorbent-adsorbtgattions [Kumar and Oommen, 2012; Miretzky et2006]. It
was given by:

RT
qe:TIn(KTCe) (7)
Equation (7) can be linearized as:

qe = R%T Ink; + RbilnCe 8)

Q=BInK,+BInG, ®

WherekT (L/g) is Temkin equilibrium isotherm binding coast,b (J/mol) is a constant related to heat of sorption,
R is the universal gas constant (8.314kJ/mol.K) Buglthe absolute temperature (K).

A plot of g. versudn C.gives a straight line of slofgand intercedB In A)to give kT andb. The data obtained by
usingTemkin isothermmodel are listed in Table 2.

3.2.4. Dubinin-Radushkviechmodel (D — R)
This type of model proposed by Dubinin, it depengsn the assumption that the characteristics ofstrption
curves are related to the porosity of the adsorl3ém general equation of this model is:

2

Qe = qmexp [—BD (RT In {1 + Cl}) ] (10)
e

The linear form of the isotherm model can be exgEess follows:

Ing, =Ilngq,, — Bp &2 (11)

Whereq,, is the theoretical maximum capacity (mol/g) of tbat can be sorbet onto unit weight of adsorb@sis
the D-R model constant (mol?/kJ?) related to thton energyg is the Polanyi potential and is equal to:

£ =RTIn (1 + Ci) (12)

e

The mean energy sorptioB,(kJ/mol) is calculated by the following equation:
E = (-28) ™ (13)

The magnitude oE can be related to the reaction mechanisr.iff in the ranged 8-16 kJ/mol, sorption is governed
by ion exchange. In the case of E< 8 kJ/mol, playsforces may affect the sorption mechanism. Thame
adsorption energy was found to be in the rangedt&k%mol, which is in the energy range of physdsorption
reactions. The calculated D-R constants and mesneinergy for adsorption are shown in Table 2

Langmuir, Freundlich, Temkin and D-R constants presented in Table 2. It can be seen that the ssigme
correlation coefficienR¥orFreundlich equation for each heavy metal ionthaifferent adsorbents is more linear
when compared with that of the other model equationplying that the adsorption isotherm data aeé fitted by

the Freundlich isotherm model. The monolayer adsmrpcapacity, according to the Freundlich isothenodel,
was found for Cu(ll):0.7596, 1.7909 and0.7599 mgflgen used waste of fungi, sunflower shells and GAC
respectively, while for Co (Il): 0.6635, 0.0641 &r@b97 mg/g when used waste of fungi, sunflowelishead GAC
respectively at 25 °C.
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Table 2 Numericalvalues of isotherm models coeffients for Cu(ll) and Co(ll) using different adsorbents

Isotherm Parameter. Copper Cobalt
Model | GAC W.F. S.F. GAC W.F. S.F.
gm(mMg/g) 10.08 34.12 25.64 4.748 19.3 17.
Langmuir [ b(L/mg) 0.0451 0.03 0.0369| 0.0048  0.018r 0.0041
R?2 0.919 0.749 0.896 0.511 0.914 0.422
Ki(mg/g) 0.7599 0.7596 1.1909 0.0097 0.6635 0.0641
Freundlich n 1.7129 0.763 1.3758| 0.7204 1.494b 0.92119
R? 0.933 0.988 0.925 0.882 0.985 0.971
B(L/mg) 1124.65 177.81 477.45 733.43  667.%46 573|17
Temkin A(mg/g) 2.071 2.902 2.211 19.746 4.11] 14.041
R?2 0.944 0.898 0.981 0.61 0.931] 0.806
Oo(Mg/g) 6.086 18.84 11.001 3.6 7.893 5.6714
D-R B(L/mg) 0.000006] 0.000004 0.0000¢d4 0.00p1 0.000p@RO0005
R? 0.924 0.822 0.834 0.63 0.784 0.663

3.6 Kinetic Models

The study of sorption kinetics describes the uptake of copper and cobalt ions, and evidently this controls the
residence time of these ions at the solid liquitkrilace. Consequently it is important to establish time
dependency of such systems for various pollutamoxel processes. Therefore, the required contawt for the
sorption to be completed is important to give ihsimto a sorption process. This also providesrimition on the
minimum time required for considerable adsorptiaket place and the possible diffusion control mergmn
between the adsorbed ion as it moves from the balltion towards the adsorbent surface (Al Dwaird aAl
Rawaifeh, 2012). At the beginning stage of the guisan process, the removal rate of the ions ihdigthis faster
removal is due to the availability of the uncovesetiface area. The adsorption kinetics depend¢ldtine surface
area of the adsorbent, (2) the nature and condemtiraf the surface groups (active sites), whiah @sponsible for
interaction with targeted ions (Al-Anber, 2010).

In order to design the sorption systems, chenkicegtics is very important as it explains how slamd fast the rate
of chemical reaction occurs and the factors whiffech the reaction rate. Kinetic models have besaduto

investigate the mechanism of sorption and potengitd controlling steps, which is helpful for se¢leg optimum

operating conditions for the full-scale batch psscdSampranpiboon and Charnkeietkong, 2010; Gueal. et
2007).In order to gain some insight into the samiprocess of Cu(ll) and Co (ll) ions onto the aoef of granular
activated carbon, waste of fungi and sunflowerlshgére used. Fig. 11(a, b) shows the effect otamirtime onto
amount of copper and cobalt onto different adsarb@sobentmaterials. In order to evaluate the tkiseof the

sorption process, data from the kinetic studiesewfdted with the pseudo-first order and pseudaedcorder

models.

351 g ®AC e.WF .S.F 50- b ¢ AC O.WF S.F

0 ¢ T 1

| | 0 100 | 200
0 50 Timjeo,q“in 150 200 Time, min

Fig. 11: Effect of contact time into amount of (afopper and (b) cobalt onto different adsorbents

3.6.1Pseudo First-Order Model
The pseudo first-order equation based on equilibrwalsorption is generally expressed as follows:

d
1= ki(qe — qr) 14)
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Where,q. is the amount of Cu(ll) and Co(ll) ions adsorbééguilibrium (mg/g) , gis the amount adsorbed at time
t (mg/g),K; is the rate constant of first order adsorptionfmiin

By integration and applying boundary conditionsEay. (14)

At t=0g=0 ;
At t=t &Je

Equation (14) can be obtained

de _
log (m) = k,t/2.303 (15)

The plot oflog (g-q;) versust gave the slop&; and intercept ofog (g) as shown in Fig.12 (a, b). The calculated
values ofK; andqe with the values of the linear correlation coe#itis (R?) of each plot are presented in Table 3.
Straight lines obtained from the pseudo first —oikdeetic plots suggest the applicability of theepdo first —order
kinetic model to fit the experimental data over thiéial stage of the sorption process. But it isoarequired that
theoretically calculated equilibrium sorption caiias, ge should be in accordance with the experimentaltsorp
capacity values. As can be seen from Table 3, adthdhe linear correlation coefficients of the plare so good,
but from theg, (calculated) values are not in agreement wittexperimental) for all studied sorption process, i
can be suggested that the sorption of each metsldoto adsorbents is not first-order reaction

2 -
¢ .AC
¢ .AC
a b e W.F
.S.F
1
% 05
(]
o3
)
3 0 1 1
100 30
0.5- -
1_ .
1- 4 1.5- -
2_ J
15- - Time, min
Time, min

Fig.12: Pseudo first-order kinetic plots for the seption of (a) Cu (1) and (b) Co (ll) ions onto different adsorbents
3.6.2 Pseudo Second-Order Model
The pseudo second-order model is also based osotiption capacity of the solid phase. It predibis behavior

over the whole range of data. It is in agreemett wihemisorption being the rate controlling stéfis.expressed as:
(Aksu and Isoglu, 2005).

dq _ 2
— = k2(qe — qv) (16)
WhereK: is the rate constant of pseudo second-order equéiimg min)

By applying same boundary conditions above andymateng; Equation (16) becomes:

t 1 t
P + _) 17
qr (kzqé de 80
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The kinetic plots of/gyversust for both Cu(ll) and Co(ll) ions sorption using fdifent adsorbents are presented in
Figure 13 (a and b). The relation is linear, arel¢brrelation coefficient (R2) suggests a strongetation between
the parameters and also explain the sorption psoafesach ion follows pseudo second-order kinetics.

The initial sorption rateh (mg/g. min) at=0 is defined as:

h=k,qZ (18)

Where; andh values were determined from the slope and intérakthe plots oft/g; against t. From Table 3, it
can be seen that the values of the initial sorptée (h) and rate constaft were varied according to the adsorbent
used. High values df andK, were found when used waste of fungi then surdtoshells compared with GAC.As
can be seen from Table3, thg(calculated) determined from the plot of the psefict order model for each metal,
differs from that obtain experimentallyg,, (experimental). This implies that the model ist mery good in
explaining the kinetics of the adsorption of thetal® On the other hand, the pseudo-second orddelnas shown

in Table 3 fits the kinetics better. The corralaticoefficientR2 had very high value (> 0.98), and its calculated
equilibrium sorption capacity. is consistent with the experimental data. Theselte explain that the pseudo
second-order sorption mechanism is predominanttzatcthe over all rate constant of each sorptiatgss appears
to be controlled by the chemisorption process.tidlse point to the fact that second order kinetist lexplain the

observed rate, suggesting that the process isathdimiting step, and that sorption of the metalsi involves two
species, in this case, the metal ion and the adstrb

a b
16 - 12 -
14 -
12 -
10 -
- -
T g - #.Cu-AC 5 4 .Co-AC
) )
6 - ® .Cu-W.F e .Co-W.F
4 - .Cu-S.F .Co-S.F
2 4
O ™ T 1 1
0 100 200 0 100 200
Time , min Time , min

Fig. 13: Pseudo second-order kinetic plots for theorption of (a) Cu(ll) and (b) Co(ll) ions onto different adsorbents

Table 3 Calculated parameters of the pseudo firstrder and pseudo second-order kinetic models for PHj and Cd(ll) ions onto
different adsorbent/biosorbent

Pseudo-first-order parameters Pseudo-second-patiemeters
Metal ion | K;(min-1) ge,cal. R2 | Kz(g/mg.min) ge.cal h(mg/g.min) R?
! (mg/g) i ' (mglg)
Cu-A.C. 0.228458| 157.072 0.919 2.85924 1.712915 8RR 36 0.841
Cu-W.F. | 0.067478 9.246 0.749 14.38587 1.129601 75239 | 0.988
Cu-S.F. 0.089817 11.35 0.89 5.983719 1.38§77 148507 0.914
Co-A.C. | 0.485012 1.177 0.5111 0.957617 0.720409 96243 0.882
Co-W.F. | 0.119295| 575.439 0.916 2.513727% 1.494545 614823 0.985)
Co-S.F. 0.078532] 1.6E+1B 0.395 0.986314 0.921914 838293 0.971]

CONCLUSION

In this study, granular activated carbon, waste ffigi and sunflower shells data were used for the
adsorption/biosorptioncopper or cobalt from aquesalstions. Batch experimental data showed thatstiation
pH strongly influenced the adsorptive/biosorptiepacity. As the solution pH increased, the remetfitiency of
Cu (II) and Co (Il) increased. The greatest mefasthke was observed at optimum pH value. The higbelsalt
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uptake was observed at GAC (18.85 mg/g), W.F. @8d@dg) and S.F. (19.87mg/g), while the highest eopp
uptake were obtained for GAC (16.69 mg/g), W.F.488ng/g) and S.F. (30.60 mg/g).

Maximum sorption occurred within the first 30 mior fthe cobalt, 80 min for the copper. Moreover,sayso-
second order model has been successfully usettteefcopper and cobalt. Initial metal concentratidso affected
the overall metal uptake capacity of adsorbentdaMeptake increased as the initial concentratibthe metal ions
was increased. Adsorption equilibrium data for eapgnd cobalt were fitting well with Freundlich nebd
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