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Abstract

Polyacrylamide (PAA)-bentonite (B) and zeolite (Z) composites were prepared by direct polymerization of PAA in suspensions of B
and Z. Phytate (Phy) immobilized onto the composites to obtain their Phy modifications. FT-IR and XRD were employed to characterize
their structures. The sorption of Pidrom various adsorption media onto the composites was then investigated. The reusability and storage
characteristics of the adsorbents with and without Phy were also consideredfacBbrption.

All isotherms were L and H type of the Giles classification. The Phy adsorption capagjigef(PAA-B and Z lower than those of bare
B and Z due to their surface coverage by PAA. The Phy modification decreased’tradBbrption capacities of B and PAA-B but ascended
those of Z and PAA-Z. However, Phy significantly increased the Langmuir equilibrium constahfs( all adsorbents. lonic strength of the
adsorption media was favorable for the adsorption capacity of PAA-B while not for that of PAA-Z. The chemical structure of the composites
was not changed after five reuses and the storage foregoing.

It is foreseen that the use of PAA-B and PAA-Z and their Phy modifications will provide practicality and effectivenes¥ feegivation
and removal procedures. Th& (molkg™) andk, (L mol~?) values for PB" adsorption from a model solution were 0.16 and 3625 for
PAA-B, 0.18 and 5.k 1(° for PAA-B-Phy, 0.28 and 13210 for PAA-Z and 1.65 and 2.0C° for PAA-Z-Phy.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction by modifications of the surface of various substrates, such
as polymers and clays with metal complexing gro[4p<5].

Lead is potentially very toxic to mammals and aquatic Whilst synthetic ion-exchange resins are expensive to use on
lives by its presence in the environment as a result of extensivea large scale, natural materials such as clay and zeolite are
and wide applications of mining, chemical, electroplating, classified amongst the low-cost adsorbdiits9]. The min-
petroleum refining, paper and pulp industries. For this reason,eralogical and physicochemical features of clay and zeolite
the remediation treatment and removal of lead in waste andare considered to be the basis for their immense importance
contaminated water have been a major concern of processn separation, ion exchange and catalysis.
industrieq1-3]. Zeolite minerals are infinitely extending tetrahedral net-

The adsorption processes are generally known to be one ofwork of aluminium oxide and silicon silicates (aluminosili-
the most effective techniques for removal of environmentally cates) linked together by corner-sharing oxygens. The tedra-
hazardous metals. Adsorbents with strong affinity and high hedra are arranged in interconnecting channels and apertures
loading capacity for targeted metal ions have been developedpermeate the crystalline structure. Montmorillonite (ben-

tonite), as the interest of this investigation is a member of
mpondmg author. Tel.: +90 3462191010x1623: the smecti_te type clay, which is 2:1 type _of aluminosilicate.
fax: +90 3462191186. Its crystalline structure presents an alumina octahedral layer

E-mail address: ulusoy@cumbhuriyet.edu.tr (U. Ulusoy). between two tetrahedral layers of silica. The substitution of
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the AR* for the Sf* in the tetrahedral structures of zeolite and ity of adsorption isotherms to the Langmuir and Freundlich
montmorillonite, and that of divalent cation for #lin the models.
octahedral sheet of montmorillonite causes residual negative
charges. These are neutralized by the electrostatic adsorption
of alkali and alkali earth cations. These are free to exchange2. Experimental
with other cationic ions, as a measure of cation exchange
capacity (CEC) of a given clay or zeolite minefa0,11] 2.1. Reagents
The aggregation and coagulation of zeolite and clay parti-
cles under varying conditions of temperature and electrolytes  Na-montmorillonite (bentonite) in 98% purity (with a uni-
lead variations in flow properties of these minerals. This is valent CEC of 0.8 mol kg'), N,N'-methylenebisacrylamide,
an undesired feature for their practical use as adsorbentsv, N N N'-tetramethylethylenediamine and Na-Phytate
[10-12] Having a composite of a mineral and a polymer, (Inositol hexaphosphoric acid, as dodecasodium salt;
in which the mineral dispersed in the polymer network may CgHgO24PsNay2) and 4-(2-pyridylazo) resorcinol (PAR)
enable the use of mineral itself as an adsorbent confined in anwere purchased from Sigma. Amersham and Fluka were the
isolated and practically usable medium in aquatic solutions. suppliers of AA monomer and Y&BH,O0. All chemicals
Beside this, the particles embedded in a network strengthenused were of analytical reagent grade.
the gel and preventits collapse in bad solvents. The enhance- Zeolite was obtained from Central North Anatolian occur-
mentin adsorptive features of the mineral can also be possiblerences associated with Eocene submarine volcafidh
with additional surface modifications. The certified chemical composition of zeolite is provided
Phytic acid, a hexaphosphate-substituted inositol ring in Table 1 The mineral is composed 6000% zeolite, as
compound is a renewable resource. It is a water soluble, clinoptilolite {(Na,K)s-[Al 6Si30072]-24H,0} and mordenite
ubiquitous plant product readily available in large quan- {NagKCap:[Al gSis0Og6]-28H,0}, 5% kuartz, 5% feldspar
tities. Phytic acid has 12 replaceable protons, of these 6and smectite in trace level. The ratio of SiBl,03 is 4.7,
are strongly dissociable. Therefore, it exists as a negatively which suggests that the zeolite is clinoptilolite with reference
charged molecule over a wide pH range. With this feature, it to the classification of International Mineralogical Associa-
has a high affinity to form phytate complexes with positively tion [11]. The univalent CEC of zeolite was 1.64 molKg
charged multivalent metal catiofis3—15] For this reason, [22]. The total univalent charge exchange capacity and
phytic acid should be used as an adsorbent with its immobi- (Na + K)/Ca of Z were calculated to be 3.68 mofkgand
lized form on a solid support. The immobilized phytic acid 0.4[23].
should be stable and have a good adsorption capacity within  The zeolite rocks were crashed, ground and sieved to 100
a reasonable pH rand#6,17] mesh size. No pre-treatment was applied to the chemicals,
By considering the features mentioned above, preparationclay and zeolite. All experiments were always performed in
of a composite of bentonite (B) or zeolite (Z) with a polymer duplicates.
should provide a useful material for adsorption studies. Addi-
tionally, phytic acid (Phy) modifications should enhance the
adsorptive features of the composites. However, the practical
applicability of this approach was shown for the composite
of B with polyacrylamide (PAA), PAA-B, for adsorption of
Fe**, Zn?* and UQ?2* [18]. The application was also con-
firmed for adsorption of naturally occurring radionuclides at
pmol L~ levels, including'?Pb[19,20] The results of both

2.2. Preparation of composites

PAA-B or PAA-Z was prepared by direct polymerization
of AA monomer in the clay and zeolite suspensi¢h8].
The final composition of the composites had 2:1 mass ratio
of PAAto the clay and zeolite. The gels were dried at ambient
‘ ) temperature, ground and sieved to a particle size 1 mm, and
study suggested that the composites of B and Z with PAA gi5req in a container. One batch for each of PAA-B or PAA-Z
should be effectively used in studies of*ladsorption. was prepared at once to conduct the overall investigation.

The concerns of this investigation are divided into three 1| (Mattson 1000, UK) was employed to estimate
parts: first, to introduce preparation and characterization of o mical structure of B Z and their composites while XRD

PAA-B/Z composites. Second, to investigate the adsorption (Philips, Type PW 1140/00, using Cuckradiation, a pro-
of Phy onto the B, Z, PAA-B and PAA-Z prior to obtain the ’ ' '

Phy modified composites. Third, due to the specific inter-
est of phytic acid and its relevance to divalent cations, and
also environmental importance of £bto inspect the practi-

Table 1
Chemical composition of the studied zeolite, % (certified by IMO GmbH)

cal usability of these composites and their Phy modifications i:?és E:fg .ﬁg O'?).Yse
in adsorption of P®" in various aquatic media. Additional  cao 6.51 BaO 0.13
considerations were also given to the reusability and storageFe,03 1.80 ROs 0.08
capability of the composites in Pbadsorption. The adsorp-  MgO 1.80 MnO 0.05
tive features of the studied adsorbents were evaluated on thé'%° 1.06

0.59 Total 100.00

base of adsorption parameters derived from the compatibil- r
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portional counter, @min scan rate) was used for powder of 4-5, which was well below the precipitation pH level of
diffraction. PE*, pH > 6.5[4].

The swelling features of B, Z, PAA, PAA-B and PAA-Z The metal-dye detection procedure provided by Lauss-
were compared. Dry samples (0.1 g) were letto swell in water mann et al.[24] was modified for PB" determination in
and the swelling ratio was calculated with reference to the dry supernatants from the model and Ca&blutions. PB* was

weights. utilized as the complexing metal instead ot*Yused in the
Laussmann’s procedure. A solution of %30 3molL~1
2.3. Phytate adsorption of PAR in 0.7 mol =1 of Tris—HCI at pH 8-9 was prepared.

A 50 L fraction of supernatant was added onto 3 mL of the

In studies of Phy adsorption, 0.1g of B, Z, PAA-B reagentand the absorbance of the formed metal complex was
and PAA-Z were added on 10mL of phytate solutions measured at 550 nm.
at concentrations within the range from k@02 to A gamma spectrometer [NAI(TI) detector combined with
2.0x 103 mol L~1. The pH values of solutionswereat9—-11. a EG&G ORTEC multi-channel analyzer and software,
The adsorbent—solution systems were equilibrated for 24 h atMAESTRO 32, MCA Emulator, USA] was employed for
298 K in a thermostatic water bath, the suspensions were therdetermination P¥ in supernatants obtained from the study
centrifuged at 3000 rpm for 10 min. The metal-dye detec- with leachate. The adsorbed amounts were calculated by
tion method described by Laussmann ef24] was used for comparing the specific activity at 238.6 keV3fPb (tracer)
Phy determination in the supernatants. The required amountin supernatants with that in the leachate not interacted with
for 0.7 mol L1 of Tris was dissolved in water and the pH the adsorbents.
was adjusted to 8-9 with addition of HCI. The complexing
reagent was prepared to provide 3.50-3mol L~! of PAR 2.5. Reusability and storage capability
and 6x 10~°>mol L1 of Y3* in the Tris—HCI solution. A
50l fraction of supernatant was added on to 3 mL of the The reusability and storage capability of PAA-Z and PAA-
PAR reagent. Absorbance of the formed complex was mea-Z-Phy were tested for adsorption of$*tirom the model and
sured at 510 nm by means of a UV-vis spectrophotometerleachate added solutions. The B composites were not studied,
(Shimadzu-160A, Japan). since their features were previously considered for adsorption

In preparation of Phy immobilized B, Z, PAA-B and PAA-  of Fe’* [18].
Z composites prior to P9 adsorption studies, the adsorption To test of reusability, five duplicates of 0.1 g samples in
procedure was repeated for replicates of 0.1 g of each sam-polypropylene columnsH=10cm,® =1cm) were equili-
ple with 10 mL of Phy solution at a constant concentration brated with 10 mL of 5< 10~2 mol L~ Pk?* for 24 h and the
(4.5x 103 mol L~1). The Phy immobilized samples were supernatants were discharged. The contents of columns were
then washed by distilled water until the water conductivity eluted with 5mL fractions of 20 mL of 1 molt! HCI and
was attained and kept for further use irfPhdsorption stud-  the columns were then washed with distilled water until the
ies. The washing treatment did not cause de-sorption of Phy.effluents had a neutral pH. The®lrontents of the effluents
The chemical structure of B, Z, PAA-B, PAA-Z and their Phy  (HCI) were determined. Each column was subjected to the

modifications was characterized by means of the FT-IR. same procedure for five sequential times.
For the storage ability, duplicates of the samples were sub-
2.4. Pb** adsorption jected to the PH adsorption procedure for one use for 1

month with a week interval.

Adsorptive features of the adsorbents was investigated for
PE?* in three different solution environments: a model solu- 2.6. Data evaluation
tion (water containing P as single cation), a 0.01 mott
CaCb and a solution containing leachate with 10 mgmhL The amount of adsorption of Phy and®§Q, mol kg1)
of dissolved solid (equivalence amount to the solid con- were calculated fromQ =[(C; — C¢)VIw], where C; and
tent of 0.01 M CaCl). The leaching solution was obtained Ce are the initial and equilibrium concentrations of the
from aregional fluorite sample containing naturally occurring studied ions (molEl), w is the mass of adsorbent
radioactive??Pb at secular equilibrium with32Th, which (kg) and V is the solution volume (L). The Langmuir
was used as the tracer for measurement &f Rsorption. [Q=(KLXL Ce)/(1+K Ce)] and Freundlich@ = aC¢?) mod-
The adsorption onto bare B and Z and their Phy modifications els were fit to the isotherms experimentally obtained, where
was only considered for the leachate added solution. X, is the monolayer sorption capacity (moHd), K, is

Adsorbents (0.1g) in the studied solutions were equi- the adsorption equilibrium constant (L md) related to the
librated with 10mL of PB* at concentrations within  Gibbs free energy chang&,G=—RTInK_ (R is ideal gas
the range from 0.k 103 to 10x 10 3molL~1. The constant, 8.314 Jmot K—1 and7 is the absolute tempera-
adsorbent—solution systems were subjected to the procedureture, 298 K). &’ and ‘8’ are empirical Freundlich constants.
described for the Phy adsorption study. The initial and final A z-testwas applied to obtain the significance of regression
pH values of PB* solutions were always within the range coefficients £) calculated from the compatibility of experi-
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Fig. 1. FT-IR spectra of Z (a), PAA-Z (b), Phy (c) and PAA-Z-Phy (d).

mental data to the Langmuir and Freundlich modetsf.01
was considered as the threshold for the significdabg

3. Results and discussion

3.1. Structural evaluation

The IR spectra of Z, PAA-Z and PAA-Z-Phy with same
amount Z contents and of Phy are provide&ig. la—d. The
broad appearance at 3500chin all spectra was of ©H
stretches. The counters within the range 1000-1700cm
and 400-700 cm! were of silicates in Z. The peaks at 3200
and 1700cm?! of C=0 of amide and 2900 cmt of C—H
were of PAA and PAA of PAA-Z Fig. 1a and b). From the
comparison ofig. 1b and c with d, it can be postulated that
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Fig. 2. XRD spectra of Z (lower spectrum) and PAA-Z [Clinoptilolite (C),
Mordenite (M), Clay (CL), Kuartz (Q) and Feldspar (F) are the main com-
position of Z].

the inclusion of Phy to the composite is as hydrogen bond
formations between P—OH of Phy and Si-OH and Al-OH
of Z for which the declines at 2500 cth for Si—-OH and
800 cn1 ! of AI-OH and the absence of the broad band around
2350-2400 cm? of P-OH were evidencd86-29]

Fig. 2shows the XRD pattern of Z and PAA-Z. There was
no shift in any of diffraction peaks. The intense increase in
background of PAA-Z was due to the amorphous nature of
PAA. In consequent, the IR spectra and XRD patterns of Z
and PAA-Z defined that the zeolite particles were uniformly
dispersed in polymer. The interfacial interaction between
PAA and Z was the binding formation between PAA and the
siloxane oxygen atoms or hydroxylated edge sites of zeolite.
Polymer sorption into channels and holes of zeolite should
also be possiblf,30,31] The structural evaluation of B and
its composite were provided in the early communicafi8]
in which where the similar features were reported also for B
and PAA-B with the difference of intercalation of clay layers
by PAA.

The magnitude of swelling was 1400% for PAA and PAA-
Z, 200% for Z, 1700% for PAA-B and 1150% for B. The
swelling of PAA-B was higher than that of PAA-Z despite
the fact that B or Z contents of the composites were the same
(1/3 of dry weights). The tendency to adsorb water of PAA-B
increased due to de-lamination and surface modification of
its clay componeritL2]. There was no such effect for PAA-Z,
since the swelling of Z is associated with its Si/Al, the higher

Table 2
Langmuir and Freundlich parameters obtained for Phy adsorption onto B, PAA-B, Z and PAA-Z
Composite Langmuir Freundlich

X, (molkg™1) K. (Lmol™1) AG (kdmol 1) R2a a B R?a
BP 0.04 29800 —25.5 0.966 0.08 0.12 0.941
PAA-BP 0.03 1440 —18.0 0.978 1.02 0.60 0.939
4 0.12 1818 —18.6 0.994 2.95 0.54 0.964
PAA-Z 0.05 3282 -20.1 0.912 0.62 0.42 0.998

a All coefficients of variations calculated for the Langmuir and Freundlich fits are significart @01.

b Data obtained from previous stufi}g].
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ratio provides a higher degree of hydrophobidy]. The
ratio for Z was 4/1 so that its swelling was low.

3.2. Phytate adsorption

The results for Phy adsorption onto Z and PAA-Z and
their compatibility to the Langmuir and Freundlich models
are compared with the previous results of B and PAJL8]
in Fig. 3 Table 2provides the parameters derived from the

model fits. The shape of isotherms corresponds to the high

affinity class (L and H type) of the Giles classification, i.e. the
adsorption has a chemical character. The adsorption hyper
bolically increases with increasing concentration. The steep

rise at the beginning lowers gradually and reaches a plateau

defining the completion of filling the monolayer adsorption
capacity &) ).

The values ok of B, Z and PAA-B/Z were in the order of
Z>B>PAA-Z>PAA-B. The adsorbed amounts declined for

the composites. Despite the fact that both composites had the
same mass fraction of B or Z, the degree of decline was more

effective on Z's. This asserts that the Phy adsorption occurred

only on active sites of Z surface because of the molecule size

of Phy is large to insert in the channels of zeolite with size
up to ca. 1nm32]. Number of active adsorption sites in

Z surface decreased by the surface coverage of PAA, whilst

suchresidential hindrance was compensated by the expansio
of plane layers with strong hydration of interlayer’Nans
in B of PAA-B.
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Fig. 3. Isothermswith Langmuir and Freundlich fits for adsorption of phytate
onto B, PAA-B (obtained from ref18]), Z and PAA-Z.
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Fig. 4. Isotherms with Langmuir and Freundlich fits for adsorption éfPb
Hom Pb(CHCOOQY), in the model solution onto PAA-B, PAA-Z and their
Phy modifications.

The AG values as the measure of spontaneity of Phy
adsorption declined in the order of B>PAA-B and PAA-
Z>Z asthe same sequence with, as expected. As inversely
related to the water affinity of Z, the adsorption preference of
Phy onto Z was higher than that onto B. Water molecules at
contact with the solid surface declined the kinetics of molec-
ular Phy transfer to Z surface, this transfer was catalyzed by
PAA in PAA-Z, in contrast to the case in B, since both B
and PAA had highly hydrophilic characters so that Phy suf-
fered competition with water molecules. There was not any
systematic relation between the Langmuir and Freundlich
parameters.

From the preparation of Phy modified adsorbents,
the immobilized amounts of Phy were found to be
40x 103 mol kg™ for B, 15x 103 mol kg~ for PAA-B,
80x 10 3molkg™! for Z and 30x 10~ 3molkg™! for
PAA-Z.

3.3. Pb** adsorption

The isotherms for adsorption of Pfrom the model and
CacCb solutions onto the composites and their Phy modifica-
tions are depicted iRigs. 4 and 5The adsorptions from the
leachate added solution onto bare B, Z and the composites
with and without Phy are compared kiig. 6. All isotherms
were in L and H types of Giles classification signifying that
the adsorbents were high affinity class of materials f&Pb
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Fig. 5. Isotherms with Langmuir and Freundlich fits for adsorption 3fPb
from Pb(CHCOO) in 0.01 mol L1 of CaCh onto PAA-B, PAA-Z and
their Phy modifications. v z
v Z-Phy
adsorption. The parameters derived from the compatibility of - O  paAZ
the Langmuir and Freundlich models to the data are provided o B pPAA-Z-Phy
in Table 3 _ = — — LANGMUIR
Pt?* adsorption was dependent to CEC of B and Z, and
the adsorption environments. Tie values of the compos- - FREUNDLICH
ites was in the sequence of PAA-Z>PAA-B in the model
solution as accordant with the univalent CEC values of Z and
B. The sequence turned in favor of PAA-B in both CaCl
and leachate added solutions, and that was also of bare B
compared to Z in the leachate. The change was attributable BT —g]
to the increase in the ionic strength of adsorption media; in R
fact, PAA-B in the CaCl solution had the highesf, value. | A | . ‘
2 3 4 5

PAA-B in the leachate had a lower capacity compared to
that in the CaGl solution, but the value was still about the
same with that in the model solution, despite the fact that
the leachate contained many competing ions withPBim-

ilar trend was also observed for PAA-B-Phy along with the
adsorptive media. The increase of the counterions had invers
effect on adsorption onto Z and its composite with and with-
out Phy; the sequence &f values for the composites with
and without Phy was Model > Cag* leachate. This shows
that the affinity of Z to the competing ions such ag0aas The Phy modification lowered or not much changed the
higher than that to P, i.e. the trend of PH selectivity of adsorption capacities of B and PAA-B, but significantly
B and its composite without Phy is higher than that of Z and enhanced those of Z and PAA-Z. Samba-Fouala €Al

its composite. In the absence of Phy, Kjevalues obtained  postulated that the insertion of phytic acid into clay layers
for Z and PAA-Z for each adsorption media were higher than caused cross-linking at the silicon atoms and condensation
those of B and its composite. As discussed in the Phy adsorp-reactions between silicon and phosphorus atoms of clay and

Cox10%mol L

Fig. 6. Isotherms with Langmuir and Freundlich fits for adsorption éfPb
from Pb(CHCOOY), in the leachate added solution onto B (1) and Z (1) and
etheir PAA composites with and without Phy modifications.

tion section, this should also be explained by the fact that the
affinity difference between B and Z to water molecules.
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Table 3

Langmuir and Freundlich parameters obtained for adsorption®fiRbarious solutions onto B, B-Phy, Z, Z-Phy PAA-B, PAA-B-Phy, PAA-Z and PAA-Z-Phy

Composite Langmuir Freundlich

X (molkg™1) KL (Lmol™1) AG (kJmol?) R%2 a B R%2

PE?* adsorption onto bentonite composites
Bleach 1.64 129 —-12.0 0.964 76.4 0.88 0.914
B-Phyleachate 1.48 181 -12.9 0.998 60.3 0.81 0.998
PAA-Bmodel 0.16 3625 —-20.3 0.850 1.52 0.38 0.709
PAA-B-Phyodel 0.18 5.1x 10° —-32.6 0.728 0.43 0.14 0.741
PAA — Bcacy, 0.43 790 —-16.5 0.865 3.92 0.44 0.870
PAA — B — Phyc,gy, 0.32 1141 —17.4 0.814 1.83 0.35 0.826
PAA-Bieachate 0.15 348 —14.5 0.974 3.84 0.67 0.947
PAA-B-Phyeachate 0.09 767 -16.5 0.976 1.08 0.49 0.966

PB?* adsorption onto zeolite composites
Zjeachate 0.33 2646 -19.5 0.986 4.10 0.42 0.924
Z-Phyleachate 0.57 4626 —20.9 0.939 6.12 0.38 0.899
PAA-Znodel 0.28 13210 —-23.5 0.916 1.14 0.23 0.937
PAA-Z-Phyiodel 1.65 2.0x 1P —-30.2 0.812 1.14 0.10 0.935
PAA-Zcaciz 0.21 673 -16.1 0.929 2.30 0.49 0.912
PAA-Z-Phycaci2 0.37 6343 —-21.7 0.988 2.57 0.33 0.899
PAA-Zjeachate 0.08 1440 —18.0 0.966 0.52 0.36 0.918
PAA-Z Phyleachate 0.31 7397 —-22.1 0.941 2.44 0.33 0.951

a All coefficients of variations calculated for the Langmuir and Freundlich fits are significart @01.

phytic acid. The lowering effect of Phy df valuesin B and This relation might be interpreted as the is a measure of

PAA-B can also be explained by the same approach. Such hinthe adsorption intensity ang” is of the heterogeneity of

drance should not be possible for Z since the immobilized Phy adsorbents for the ion of interest.

was at the surface in fact the high&stvalue (1.65 mol kg?)

was obtained for PAA-Z-Phy in the model solution. Thisfact 3.4, Reusability and storage ability

and the high affinity of P% to Phy eventually made PAA-Z-

Phy more selective for Bbthan PAA-B-Phy. After five sequential reuses, the mean of Padsorption
The Phy modification resulted in a significant increase from the model solution was constantly about 50% for PAA-Z

in the K| values for all studied adsorbents i.e. that increased and 95% for PAA-Z-Phy, whilst that from the leachate added

the spontaneity of forming complea ) between phosphate  solutionwas 16.7 1.0% (range 18.7—14.4%) for PAA-Z and

terminals of Phy and P. This effect was much apparentfor  31.64+ 2.6% (range 37.5-24.7%) for PAA-Z-Phyable 4.

Z and PAA-Z in all studied solutions. The enormous increase The amounts adsorbed declined with the number of reuse

in K| values obtained for the adsorption from the model solu- because of the matrix effect of ions in the leachate; the used

tion by both composites with Phy was worth nothing. stripping reagent could not remove the adsorbed competing
There was a systematic relation between the Freundlichions onto the active sites. The storage ability tests for one

and Langmuir parameters obtained for each composite cou-use of PAA-Z-Phy performed in the leachate solution for 4

ples (PAA-B and PAA-B-Phy, PAA-Z and PAA-Z-Phy) in  weeks with 1-week interval indicated that the fractionadPb

the same adsorption media; the one with the highehad adsorption remained unchangd@le 4. The mean of the

the higher &’ and that with the highek| had the lower j'. four trials was 38.2 1.0% (range 37.8-42.2%). The storage

Table 4

Reusability of PAA-Z and PAA-Z-Phy, and storagability of PAA-Z-Phy for adsorption &f 6 x 10~2 mol L~1) from the leachate solution

Reusabilty Storagability of PAA-Z-Phy

Reusage N8. Adsorption (%) Time elapsed (week) Adsorption (%)
PAA-Z PAA-Z-Phy

1 18.7 375 Initial 39.0

2 18.5 36.1 1 35.8

3 17.2 33.3 2 37.8

4 14.5 26.5 3 42.2

5 14.4 24.7 4 36.1

Mean+ S.E.M. 16.41.0 31.6£2.6 38.2+1.0

@ Number of sequential usage of the adsorbents.
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