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Abstract: This paper reports the results of the adsorptiafopmance of Cu(ll) removal from agueous solutidaysan

impregnated resin, polysulfone microcapsules (R®jaining di-2-ethylhexyl phosphoric acid (D2EHPAhe adsorbent
was obtained by solvent impregnated resin (SIR)hodtt The adsorption performance of the studied mahtevas

evaluated studying the effects of two physico-clwaiparameters: contact time and Cu(ll) initial cemration. The
adsorption experiments were carried out followirggch equilibrium techniques. The kinetic parametefrdifferent

models were calculated and discussed. The equitib@dsorption data were modeled using Freundlich llangmuir

isotherm equations and the corresponding isothearanpeters were calculated and discussed in defdie material
showed good adsorption performance in the remawalgss of Cu(ll) ions from aqueous solution.
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1. Introduction In this paper the adsorption performance of the
D2EHPA impregnated polysulfone microcapsules (R&) h

lon exchange now is a well-established technologp€en investigated. In this purpose, the influentewm
particularly in water purification and the concertion and Physicochemical parameters (contact time and Initia
removal of hazardous substances at very logoncentration of Ct) upon the Ct adsorption onto PS
concentrations in chemical process industries.ekample, Was studied.
it has been applied for the recovery of copper frayon
spinning wastewater and the recovery of gold frganade 2. Experimental
solution in metallurgical industries [1].
lon exchange resins have low selectivity in the The polysulfone microcapsules (PS) (Typical
extraction of metal ions and high saturation witns M;=26,000, T=190°C) by Sigma Aldrich was impregnated
different from those of interest, decreasing thgild. with di(2-ethylhexyl)phosphoric acid (D2EHPA) trdug
Highly selective chelating ion exchange resins hbgen dry method. The DEHPA ~ 98.5% used as extractaas, w
developed, but these are only available for a é&dhit supplied by BHD Chemicals Ltd Poole England andduse
number of metal ions and they are expensive irtiogldo as received. One gram of polysulfone microcaps(fh)
the generation of polymers with selective ion gmupn has been placed for 24 h in absolute ethanol (Gbémo
interesting alternative to these processes is the of Romania) containing 0.1 g/mL extractant (D2EHPAheT
solvent-impregnated resins (SIR) [2]. microcapsules have been separated through a pblteus
The concept of SIR is now well developed and haswsing a vacuum pump, washed with water and dried at
strong place in extraction chromatography at amyt 50°C for 24 h [18].
application scale and is of potential applicatibmdustrial In order to establish the adsorption performancthef
scale [3, 4]. D2EHPA impregnated polysulfone (PS), the influende
There are four methods available for thecontact time and initial concentration of coppen the
immobilization of the desired extractant into th@ymeric  adsorption capacity was investigated.
supporting structure: the dry method, wet methoalifred The adsorption capacity ¢mg/g) of the PS-D2EHPA
addition method and the dynamic column method [5-7] towards Cu(ll) ions was calculated with the follogi
The use of macro porous organic polymemstls, equation:
with a high surface area and good mechanical #tghig €0 -C))
found more suitable for the removal of toxic eletsenom _(Cy-CHV
dilute solution, due to their faster kinetics, ease 9~ [mg Cu(ll)/g PS-D2EHPA] (1)
regeneration and high adsorption capacity. The
development and application of these systems inaimetvhere G and G are the concentrations of Cu(ll) ions
extraction processes has been intensively invastiglor (mg/L) in the solution initially (t=0) and after a time t
the purpose of applications on metal separation afghin), respectively, V is the volume of the solutik) and
recovery processes [8-17]. m is the mass of adsorbent employed (Q).
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The pH value for copper solutions was pH=5. The pH In this study, Lagergren-first-order equation and
of the solutions was adjusted to the desired vaisiag pseudo-second-order equation were used to test the
0.05M/2 M NaOH solutions and was determined using experimental data.

CRISON MultiMeter MM41. The pseudo-first-order kinetic model can be used to

The experiments were performed with samples 0f0.1determine the rate constant for the adsorptionge®a@nd
impregnated PS-D2EHPA in 25 mL 10 mg/L “Cu the integrated form is expressed by the followingation
solutions, respectively. The samples have beeneshak [9-11, 18, 19]:
different contact times (5, 15, 30, 45, 60, 90,,1240, 300 - = -
2nd 380 . In(0, —q,) =Ing, —kt (2)

The equilibrium studies were performed to study th
influence of the initial Cu(ll) ion concentratio(ss, 10, 20,
30 and 40 mg Ci/L) on the adsorption process, using th
same adsorbent dosage and a 300 min contact tiore.
batch experiments a mechanical shaker bath MTA deute
Type 609/A, Hungary was used.

After contact time elapsed, the suspensions haga b
filtered and the residual concentration of*Cion in the L :1+L 3)
filtrates has been determined through atomic abisworp q, h de

spectrometry using a Varian SpectrAA 280FS atom'\?vhere: h = quez; k, is the pseudo-second-order constant,

l{nin'l(mg/g)'l. Other terms have their usual meanings.

Figure 2 displays the plot of Inéqy,) versus t for Cu(ll)
adsorption onto PS-D2EHPA. The slopes and interoépt
the plot are used to estimate the pseudo-firstrordee
constant (Y and the equilibrium adsorption capacity)(q
respectively. A plot of tigversus t should yield a straight
line. From the intercept and slope (figure 3) akewated
the second-order rate constant)(land the equilibrium
adsorption capacity g for Cu(ll) adsorption onto PS-
D2EHPA.

g/here: g and @ represent the amounts of the Cu(ll)
adsorbed on the PS-D2EHPA at time t and at eqiuififor
éime, respectively, mg/g;.kis the specific adsorption rate
gonstant, mi.

The linear form of the pseudo-second-order rate
expression, based on the solid phase sorptionyén dy
ethe following equation [9-11, 18, 19]:

absorption spectrometer.

Stock solution of Cu(ll) was prepared using Merc
Standard Solutions of Cu(NO3)2 , in HNO3 0.5 molAll.
other chemicals used for experiments were of aicalyt
reagent grade, and were used without further atithn.
Distilled water was used in all experiments.

3. Results and Discussion

3.1. Influence of contact time and kinetic studies

0

To attain the adsorption equilibrium time the résoff
the effect of stirring time on the adsorption capacf PS-
D2EHPA in the removal process of Cu(ll) ions from
aqueous solutions are presented in figure 1. Itbeaseen
that the equilibrium is achieved after 300 minutafs
shaking. For subsequent experiment, an equilibtioma of
300 minutes was chosen for the sake of convenience.

1.10
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é: 0.701 Figure 2. Pseudo-first-order kinetic plot
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Figure 1. Effect of time on PS-D2EHPA adsorptiopazity
m=0.1g, v=25mL, g=10mg/L Cu(ll), pH=5 1007
50
Kinetics of adsorption describing the solute uptedte, ol ‘ ‘ ‘ ‘ ‘ ‘ ‘
which in turn governs the residence time of adsompt 0 50 100 150 200 250 300 350 400
reaction, is one of the important characteristieinihg the t, min
efficiency of adsorption. Figure 3. Pseudo-second-order kinetic plot
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TABLE 1. Kinetic parameters for Cu(ll) sorption onto PS-D2EHPA

Pseudo-first-order model Pseudo-second-order
Oe, €XP, model
mg/g O calc, ky R O calc, ko R
mg/g min* mg/g | min*(mg/g)*
1.1 0.78 0.00077 0.9783 1.15 0.0213 0.994

The values of the constants, together with the The adsorption capacity increased with increasing
regression coefficients (R obtained in all cases are equilibrium concentration of copper. Then, it agaioed a
summarized in Table 1. constant value at the high equilibrium concentratithe

Data presented in Table 1 shows that the correlatignaximum adsorption capacity of copper determined
coefficient for the pseudo-first-order kinetic mbdeas experimental is 2.25 mg/g.

lower than that obtained for the pseudo-secondrorde
model, where the correlation coefficient is vergsd to 1.
Furthermore, the value of the calculated equilioriu
sorption capacity (g9 using the first-order model, is not 23]
close to the experimental value. (gy. In the case of the 2.101
pseudo-second-order model the theoretically predict 1901
equilibrium  sorption capacity is close to the value g 17|
experimentally determined. This shows that the tkiseof 2 10l
Cu(ll) removal by adsorption onto PS-D2EHPA resisis &
described by a pseudo-second-order expression. This
suggests that the rate-determining step may be ichem
adsorption or chemisorptions involving valence &src
through sharing or exchange of electrons between

2.50

1.301

1.101

0.90

0.70+

adsorbent and adsorbate. 0.50 ‘ ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30 35
Ce, mg/L
3.2. Influence of initial Cu(ll) ion concentration and Figure 4. The adsorption isotherm of Cu(ll)

equilibrium studies

The constants Kand n of the Freundlich model,
Adsorption isotherms are very powerful tools foe th respectively, are obtained from the intercept arelslope
analysis of adsorption process. _ of the linear plot of In gversus In ¢(figure 5). From the
Langmuir and Freundlich isotherm studies [7, 9-13ntercept and slope of the/@. versus G (figure 6) can be
17-19] were conducted in order to investigate thgptained the K and the maximum adsorption capacity of
maximum adsorption capacity of the studied PS-D2&HPthe pPS-D2EHPA for Cu(ll) adsorption. The Langmuida

resin towards Cu(ll) ions. Freundlich constants evaluated from the plots arelr t
The linear form of the Freundlich isotherm equatiororrelation coefficients are presented in Table 2.
can be written as: The constant K can be defined as an adsorption
_ 1 coefficient, which represents the quantity of aledrmetal
In Qe = In Ke +E|n Ce (4) ions for a unit equilibrium concentration. The ®dbn is a

measure of the adsorption intensity or surface

heterogeneity. For 1/n = 1, the partition betwels two

e _ 1 +& ) phases .is independent on the concentration. Thatisin

d  K.,q, 4., ’ 1/n < 1 is the most common and correspond to a aolm
type Langmuir isotherm, while 1/n > 1 is indicatioé a

where: g s the amount of Cu(ll) ions per gram of Sorber.]tCOoperative adsorption that involves strong intéoas

mg/g; G is the the residual concentration of Cu(ll) ions i between the molecules of adsorbate. Values of 1/h <

Charactenstc consiants hat can be relred traive. SO favorable adsorption of Mu(l) fons onto Ps-
D2EHPA. The correlation coefficient is low suggegtia

adsorption capacity of the adsorbent and the iitieind L S
. . . restriction on the use of Freundlich isotherm.
adsorption, respectively;,gis a measure of monolayer C lati ffici fthe L i blot is sl
adsorption capacity [mg/g]; Kis a constant related to the orrelation coefficient of the Langmuir plot Is
'k to 1. The essential feature of the Langmuir equatiEn be

free energy of adsorption. . ; ) .
Adsorption isotherms establish the relationshirg)éﬁ;isdszg_ln terms of a dimensionless separatidarfay

between the equilibrium pressure or concentratiuh the 1
amount of adsorbed by the unit mass of adsorberat at LS
constant temperature. The adsorption isotherm ¢fi)Cis 1"’K|_ [Co
presented in figure 4.

and of the Langmuir isotherm as the following eadprat

C. _

(6)
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Figure 5. Freundlich plot of Cu(ll) adsorption oft6-D2EHPA
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Figure 6. Langmuir plot of Cu(ll) adsorption ont8B2EHPA

TABLE 2. Parameters of different isotherm for the Cu(ll)
adsorption onto PS-D2EHPA

Freundlich isotherm
Kr, mgl/g 1/n
0.555 0.4348

Langmuir isotherm

O, Mg/g
2.8

Ky, L/mg
0.152

0.9539 0.9794

By applying the kinetic model to the experimentatad
it was found that the adsorption of Cu(ll) onto PS-
D2EHPA follows the pseudo-second-order rate kigetic

The linear Langmuir and Freundlich isotherm models
were used to represent the experimental data aeseth
could be relatively well interpreted by the Langmui
isotherm. R values between 0 and 1.0 further indicate a
favourable adsorption of Cu(ll) onto PS-D2EHPA. The
monolayer adsorption capacity of Cu(ll) calculafieom
Langmuir model was 2.8 mg/g.
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