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ABSTRACT

Incorporation of apolymer material into aninorganicion exchanger provides
a class of hybrid ion exchangers with a good ion exchange capacity, high
stability and high selectivity for heavy metals,We can see this probertiesin
the present study. The kinetic of Fe (111), Pb (11), Cd (1), Cu (I1), and Zn (1)
ions on polyacrylamide ferric antimonate has been studied by applying the
Nernest-plank equation. Therate of exchangeiscontrolled by particlediffu-
sion mechanism. The physical thermodynamic parameters such as activa-
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tion energy and entropy of activation have been evaluated and compared
with other inorganic and organic exchangers. The Langmuir and Freundlich
models have been applied to the adsorption isotherm and different con-

stants were generated.

INTRODUCTION

The presence of heavy metal ionsfromthetrans-
tion series, viz, Cu, Fe, Ni, Pb, etc. inthe environment
isof maor concern dueto their toxicity to many life
forms. Unlikeorganic pollutants, themgj ority of which
aresusceptibleto biologica degradation, meta ionsdo
not degradeinto harmless end products®. Heavy met-
alscontamination existsin agqueous waste stream from
many industriessuch asmetd plating, mining, tanneries,
painting, car radiator manufacturing, aswell asagricul-
tural sourceswherefertilizersand fungicidal spray in-
tensively used. Theremova of heavy metd in an effec-
tive manner from water and wastewater is, thus, eco-
logicaly very important. Therearemany reported and
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established technol ogiesfor therecovery of metalsfrom
wasteweter, whichindudechemical precipitaion?, flo-
tation®®, e ectrolytic recovery, membrane separation'
and activated carbon adsorption®®.. In recent years,
the search for Anew classof high performanceand high
functiond organic-inorganic compositeion-exchangers
were devel oped by theincorporation of organic con-
ducting polymersintoinorganic precipitated”9. These
materia swerefound selectivefor heavy toxic metal
ionsand utilized for analysis of water pollution such
materidshaveagreat ded of attention because of their
special mechanical and chemical stabilitied®?, The
newly devel oped composite offered ahigh capacity and
faster sorption kineticsfor the metal ionssuch asFe
(1n, Po (1, Cd (1), Cu (11), and Zn (11) ions.
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MATERIALSAND METHODS

Materials

All chemicalsused in thiswork were of analytical
grade and used without further purification. Distilled
water wasemployed for al glasswareand in preparing
agueous solution.

Apparatus

Inductive Coupled plasma spectrometer (ICPS-
7500) shimadzu corporation, Kyoto, jgpan and atomic
absorption flame emission spectrophotometer (AA-
6701F) shimadzu corporation, Kyoto, japan. the pH
measurements were performed by pH meter and the
tota experimenta error was about 3%.

Procedures
Water washing of ion exchinger

The polyacrylamideferric antimonate composite
werewashed with doubledistlled water to removeadl
finparticles. thedried material at 50°C wassieved to
obtain different meshszesof 0.12-1.00mm. Thesieved
matera wasused for further experimenta work.

PREPARATION OF POLYACRYLAMIDE
FERRICANTIMONATE

Preparation of polyacrylamide

Polyacrylamide was prepared by mixing equa vol-
umeof 20% acrylamideprepared indistilled water with
0.1 M potassium persulfate (KS,0,) preparedin 1M
HCI, aviscous sol ution was obtai ned by heating the
mixturegently at 70+5°Cwith continuousstirring.

Preparation of ferricantimonate

Ferric antimonate prepared from 0.5 M of ferric
chloridedissolvedindistilled water and addingthesame
volumeof 0.5M antimony metal dissolvedinaguare-
giadowlywith constant stirring usngamagnetic stirrer
at atemperature of 70+5°C. Theresulting solutionwas
preci pitate by using ammoniasol ution drop by drop
until thepH about 0.13. Red brown preci pitate hasbeen
formed.

Preparation of polyacrylamideferricantimonate
Polyacrylamideferric antimonateformed by adding
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aprecipitateof ferric antimonateto polyacrylamidewith
dtirrer by using magnetic stirrer to obtain homogenous
precipitate. Theprecipitateswerel eft to agein themother
liquor overnight, the preci pitatewashed by ditilled wa:
ter severd times. The supernatant liquid was decanted
and the gel wasfiltered using a centrifuge (about 10
rpm) and dried at 50+1°C. The product was crashed
and sieved to obtain different mesh sizesof 0.12-1.00
mm. Theweight lossof polyacrylamideferricantimonate
inthedifferent formssuch asH(l), Pb (I1), Fe(lll), Cd
(1), Cu (I1) and Zn (I1) ionswere determined by using
thermd anadysistechnique (TG and DTA). Theweight
lossof polyacrylamideferricantimonatein H(l), Pb (11),
Fe(l11), Cd (1), Cu (1) and Zn (I1) ions at 1000°C are
34.9%, 17.33%, 19.81%, 21.55%, 21.22% and
21.33% wiw, respectively.

CHEMICAL STABILITY

Chemical stability of polyacrylamide ferric
antimonateion exchangerswerestudiedinwater, nitric
and hydrochloricacid[1,2,3,4,5and 6M], aswell asin
potassium and sodium hydroxide (0.1, 1M) by mixing
50mg of ion exchanger samplesand 50 ml of thede-
sred solutionwithintermittent shaking for™ three weeks
at 25 +1°C.

CAPACITIESOFPOLYACRYLAMIDE
FERRICANTIMONATE FOR pb#, Fe*,
Cd*,Zn? AND Cu? IONS

Capacities were determined by repeated batch
equilibration of 0.1M meta chloride solution solutions
(pb*, Fe**, Cd?*, Zn?* and Cu?*) with the solid mate-
rid inV/mratio 50ml/gwascarried out for the capacity
evaluation. The mixturewas shaked in ashaker ther-
mostat at 25+1°C. After over night standing the solid
was separated and the concentration of the metal ions
was measured by usng Inductive Coupled plasmaspec-
trometer (ICPS-7500) and atomic absorption flame
emi ssion spectrophotometer (AA- 6701F). The pro-
cedurewasrepested until no further absorption of cat-
ionsoccurred. The capacitieswere cal culated fromthe
following equetion:

0,
Capacityinmeg/g= % ulr(J)thkexCox%xz 1)
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whereC_istheinitia concentration of theionin solu-
tion, V isthe solution volume, mistheweight of the
exchanger, Z isthevaenceof theexchangedions.

KINETIC STUDIES

Thekinetic anaysisof the adsorption processfor
Pb (1), Fe (111), Cd (1), Cu (I1) and Zn (I1) ions on
polyacrylamideferric antimonate was carried out by
mixing of the exchanger with metal ions solution (pH
equal to4.55, 4.06, 4.32,4.11 and 4.3for Pb (1), Fe
(1), Cd (1), Cu (1) and Zn (1) ions, respectively)
withaV/mratio of 100 ml/gin ashaker thermostat at
25+1°C. the solution was separated at different time
intervals and analyzed to determine the metal ion
concenteration in solution by using ICPS-7500for Pb
(I, Fe (1), Cd (1), Cu (I11) and Zn (11) ions. the ex-
tent of sorption was determined. All the experiments
werecarried out at 25, 45 and 65+1°C and theresults
agreed to+£3% for all reaction times.

Sorption % =[(A-A)/A] x100 2
WhereA andA aretheinitid andfinal concenteration
of themetd ionsin solution.

ADSORPTIONISOTHERM

Theequilibriumadsorptionisothermsare oneof the
promis ng datato understand the mechanism of thead-
sorption. Variousisotherm equationsarewell known
and two different isotherms are sel ected in this study,
which arethe Langmuir and Freundlichisotherms. The
sorptionisothermisdoneby thegradua increase of the
concentration of the sorbatein solution and measuring
theamount sorbed at each equilibrium concentration.
Thedegree of sorption should beafunction of the con-
centration of the sorbate only. The sorptionisotherms
for Pb (I1), Fe (111), Cd (1), Cu (I1) and Zn (1) ions
were determined at the concentration range (5x103 -
0.1M) atpH=4andataV/mratio of 100 ml/g.The
experimentswere carried out at 25, 45 and 65+1°Cin
ashaker thermostat.

Analysis
Pb (1), Fe (111), Cd (1I), Cu (1) and Zn (I1) ions

weremeasured using | CPS-7500 and atomic absorp-
tion flame emission spectrophotometer (AA- 6701F).

RESULTSAND DISCUSSION

Inthiswork weattempt to synthesizeahigh chemi-
ca stablecomposite material with high selectivity for
someheavy metals.

Theion exchange capacity of polyacrylamideferric
antimonatefor Pb (1), Fe(111), Cd (1), Cu(Il) and Zn
(I1) ionswereinvestigated and thedataare represented
INTABLE 1. TABLE 1indicated that the affinity se-
quencefor dl cationsispb? >Fe* > Cu?* >Cd?* >Zn?*
Thistrend may be dueto the stronger electrostaticin-
teraction reducingitsmobility intheexchanger. Thedec-
tronegativity of pb?* >Fe*, Cu?", Cd?* and Zn?* and
may beduetotheionicradii of Fe** < Cu?* < Cd?* <
Zn?* Also, may be owing to the hydrated radius ac-
cordingto thefact that onincreasing atomic number
decreasing thehydrated ionic radii*,

TABLE 1: Capacitiesof polyacrylamideferricantimonitefor
pb?*, Cd?, Fe*, Cu? and Zn*ionson

Metals Pb* Fe* cCu*

Capacity of meg/g 533 431 312

Zn*
2.35

Cd*
251

Therat of ion exchangereactionisgoverned by the
dowest step which may bediffusionintheliquid sur-
rounding the particle of the exchanger (filmdiffusion
control) or diffusioningdetheexchanger particles (par-
ticlediffus on mechanism) and or theion exchangepro-
cesswhen theexchanging ionsform strong complexes
with thefunctional groups of theexchanger (chemical
control)*. Theexperimenta conditions of the present
work were set to study the particle diffusion mecha-
nismonly asalimited batchtechnique. Beside, stirring
and mechanica shaking did not enhancetherate of ex-
change. The equation used for evaluating thekinetic
parametersisdevel oped by Boyed™ asfollows:

6 & 1 22012
pep Il )
WhereF: isthefractiond attainment of equilibrium, n: is
aninteger number, D.: isthe effectivediffusion coeffi-
cient of theexchanginginsdetheparticles, r: isthepar-
ticleradius.

Thisequationwasimproved by Reichenberg™® and
canbeusadif theratedetermining sepisdiffusonthrough
theexchanger particles. Thus, equation (3) may bewrit-
teninthefollowingform:

F=1-
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6
F=1——2

L
b 2

n

e @
B = n? Di/r?

Where Bt isamathematical function of F. Reichenberg
hastabul ated the values of Bt. Correspondingto each
valueof fractiond attain of equilibriumfrom equation
(4). For aparticlediffusion mechanism, therelation
between Bt vs. t should begiving astraight line. When
F (t) islessthan 0.4, equation (4) isapproximated to
thesimpleform(®,

F(t) =6/r (D/m)*2 (5)
Which holdto agood approximation. Therefore, aplot
of F (t) against the squareroot of the contact timemust
giveadraight linepassing throughtheoriginintherange
inwhichF(t) islessthan 0.4.

Theeffect of concentration ontherate of exchange
of themeta ion on polyacrylamideferric antimonate at
25+1°C demonstratesthat theinitia rate of exchange
isindependent of concentration. From therelation be-
tween thefractional attainment of equilibrium (F) and
timefor Pb (11), Fe (111), Cd (11), Cu (I1) and Zn (1)
ions, itisevident that therate of exchangeisindepen-
dent on the metal ion concentration. These results
agreed with that reported for tin antimonate and hy-
droustitanium dioxide”.

Theeffect of particlesizeson therate of exchange
of Pb (11), Fe(I11), Cd (1I), Cu (Il) and Zn (1) ionson
polyacrylamideferricanimonatewasstudied at 25+1°C.
Straight linespassing through the origin are obtained,
which had taken asindication of aparticle diffusion
mechanism asshown in (Figure 1, wetook theresults
and figuresof lead asexamplefor the sake of brevity),
arelation between F and Bt against time. Similar trend
was observed by (El-Naggar et al., 2007; Abou-
Mesalam and El-Naggar, 2003)18%3, Thisfigure shows
that the exchangerate of Pb (1), Fe (I11), Cd (I1), Cu
(1) and Zn (1) ionsincreases with decreasing the par-
ticlesizeswhich isagreement with the conditions of
particlediffusion mechanism. Detailed resultsand fig-
ures of the other metal ionsare not given herefor the
sakeof brevity.

A plot of B against 1/r? Figure 2 for all metal Pb
(I, Fe (1), cd (1), Cu (1) and Zn (I1) ions studied
areadraight line, indicating that therate of exchange
isinversely proportional to the square of the particle

—= Fyll Poper

radius, whichisanother proof of particlediffuson con-
trol™. Datain TABLE 2 shown that, D, values are
generaly dightly increased with increasing theparticle
sizes. Thesmall increase of D, withincrease of par-
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Figurel: Plotsof F and Bt against timefor exchange of

Pb(11) on polyacrylamid ferric antimonate at different

particalediameters.
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Figure2: Plotsof B against 1/r2for adsor ption of Fe(l11),
Pb(11), Cd(11), Cu(ll),and Zn(l1) ionson polyacrylamidefer -
ricantimonate.

TABLE 2: Valuesof diffusion coefficient of Fe**, Pb?*, Cd*,
Cu?, and Zn? on polyacrylamideferricantimonate, at differ-
ent particlediameter sat 25+1°C.

Particle Di, cm?s’x10®

diameter

(+0.02 mm) PP Fe(lll) Cd(i) Cu(il) Zn(ll)
0.11 0.26 0.16 0.198. 0.189 0.195
0.17 0.57 0.44 0.59 0.81 0.59
0.25 1.10 0.85 1.17 1.17 0.85
==  [H01jANIC CHEMISTRY
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ticle size may be attributed to thelarge particlesare
less compact!®l,

Theplotsof Bt and Fagainst t for theexchange of
Pb (1), Fe (111), Cd (I1), Cu (II) and Zn (II) ions at
different reaction temperatures (25, 45 and 65 +1°C)
on polyacrylamid ferric antimonate are presented in
(Figure 3, wetook the results and figures of lead as
example for the sake of brevity). It was found that
straight linespassing through the origin. Thisconfirms
that thephenomenonisparticlediffusion controlled, and
therate of exchangeincreasesby increasing thereac-
tion temperaturesfrom 25to 65+1°C. Figure4 shows
that, thevaueof D, increaseswithincreasing the heat-

4
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Figure 3: Plots of F and Bt against timefor exchange of
Pb(l1) on polyacrylamid ferricantimonateat different reac-
tion temperatures.
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Figure4: ArrheniusPlots (log D,) against 1/T for the ex-
changeFe(l11), Pb(l1), Cd(l11), Cu(ll),and Zn(l1) ionson poly
acrylamid ferricantimonateat different reaction temper a-
tures.

ing temperatures from 25 to 65°C for al metal ions
studied, asillustrated in TABLE 3. Theva uesof effec-
tivediffusion coefficient (Di) havebeen calculated and
summarizeinTABLE 3.

TABLE 3 showsthat the appreciableincrease of
diffusion coefficient of Fe*, Po?**, Cd?*, Cu?*, and Zn*
ionswith anincreasein reaction temperature. When
log D, isplotted against 1/T for exchangeof Po (I1), Fe
(11, Cd (1), Cu(ll) and Zn (I1) ions Figure 4, straight
linesare obtained for the abovefiveheavy metdsions,
enabling thecal culation of energy of activation (E,) and
thesdf diffusion coefficient (D ) fromArrheniusequa-
tionasfollows.

Di = D0 exp(-EalRT) (6)

However, the entropy of activation (AS*) can be
calculated from D by substitutingin theequation pro-
posed by Barrert?,

D, =2.72 (K Td%h) exp@s® )

Where, K isthe Boltzmann constant, T isthe absolute
temperature; d isthe average distance between two
successive positionsin the process of diffusonand it
taken asequal to 5A, h is Plank constant and R is the
gasconstant. It isinteresting to comparethe va ues of
activation energiesfor al metal ionsstudied reported
herein TABLE 3 with other values of activation ener-
gieswhich havebeen observed for theexchangeof other
metal ions on polypyrrole/polyantimonic acid and
acrylamid cerium(1V) phosphate, where asthe activa
tion energy values for Mg(ll), Ca(ll), Sr(ll), Ba(ll),
Cu(Il), Ni(I1), Zn(Il)and Mn(ll) to be4.11, 5.14, 5.16,
5.12,9.23,8.47, 8.72 and 6.44 KJmol ‘respectively,
theactivationenergy for Mg(ll), Ca(ll), Sr(11) and Ba(11)
on acrylamid cerium(IV) phosphateto be 9.95, 9.15,
8.89 and 6.03 KJmol* respectively!”, the values of
activation energy observed on acrylonitrile based
cerium(1V) phosphatefor Mg(ll), Ca(ll), Sr(11), Ba(ll),
Mn(ll), Co(ll), Cu(ll) and Zn(I1) were found to be
14.88, 11.76, 10.32, 8.62, 13.85, 9.93,9.53 and 11.36
kJmol respectively, theva ues of activation energy for
Zn(11), Cd(11), Hg(ll), La(lll) and Th(llI1) on ferric
antimonate were found to be 17.2, 21.1, 23.0, 15.3
and 13.5 kJmol* respectivel 2! and the val ues of ac-
tivation energy for the cobalt on tin antimonateto be
19.15 kJmol respectively??3. Theactivation energy for
Pb (1), Fe(111), Cd (1), Cu (1) and Zn (I1) ions stud-
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ied on polyacrylamideferric antimonate takesthe or-
der: Fe(l11) (9.14) > Cu(ll) (5.77) > Zn(ll) (4.56) >
Cd(11) (4.37)> Ph(l1) (2.86)

Therelaively small activation energy vaues (E)
obtained inTABLE 3, for Pb (11), Fe(111), Cd (11), Cu
(I and Zn (11) ions, indicated that therate of exchange
isparticlediffusion mechanism®. On other word, these
vauesof activation energy arerdatively smal compared
to that reported for other composite, organic and inor-
ganic exchangerswhich confirmthe particlediffuson
mechanism.

TABLE 3: Thermodynamic parameter sfor theexchange of

Fe*, Pb*, Cd?, Cu?, and Zn* on polyacrylamide ferric
antimonate, at differ ent reaction temperatures.

Metal ion telif)ae(;t;t)gre (I:Dr;:(zlgj Er%leso i KJ Ifnaol’1 J mAOSIj k*
25 0.57 1.83 -121.6
Pb(ll) 45 0.61 1.82 2.86 -122.3
65 0.65 1.83 -122.8
25 0.59 3.44 -116.4
cd(in 45 067 354 437  -116.8
65 0.73 3.44 -117.6
25 059 380 -115.7
Zn(l1) 45 069 389 456  -116.0
65 0.75 380 -116.8
25 0.81 855 -107.2
Cu(ll) 45 1.04 9.30 6.27 -107.4
65 1.08 8.56 -108.6
25 0.44 179 -102.8
Fe(lll) 45 062 2004 914  -1024
65 0.67 17.90 -103.9

Thevduesof diffuson coefficient for dl metastake
the order. Cu(ll) > Zn(11) > Cd(I1)> Fe(I11) >Pb(I1),
this may be attributed to the decrease in the el ectro-
saticinteraction of the counter ionswith theexchange
sites, hydratedionicradiusand el ectronegativity of the
metalsion studied.

Therdatively smdl activation energy vaueswhich
aregivenin TABLE 3, for Pb (I1), Fe(l1), Cd (1), Cu
(I and Zn (I1) ions suggest that therate of exchangeis
particlediffusionmechanism. Thevauesof D , Eaand
AS* thusobtained aresummarizedin TABLE 3. These
resultsshow that thereisalinear relation betweenthe
Eaand AS* value Figure 5, but theincreasein ionic
radii of themetal ion leadsto decreasesthe energy of
activation™ Figure6, theseresultsd soindicatethat the

—= Fyll Poper

entropy change increases in order. Pb(I1)< Cd(I1)<
Zn(IN<Cu(1)< Fe(l1) thus showing amaximum en-
tropy changebeing for Fe(l11) exchange. The negative
values of the entropy of activationindicatethe pres-
ence of moreactivesitesinitsstructure and suggest
that no significant structural change occurredin poly-
acrylamideferric antimonate.
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Figure5: Thecorreation between St and Eafor Fe(l11), Pb(11),
Cd(l1), Cu(ll), and Zn(l1) ions on polyacrylamide ferric
antimonateat 25C°
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Figure 6 : The correlation between ionic radii and Ea for
Fe(l11), Pb(I1),Cd(11), Cu(l1),and Zn(I1) ionson polyacrylamide
ferricantimonateat 25C°

ADSORPTIONISOTHERM

TheLangmuir adsorptionisotherm assumesthat ad-
sorption takesplacea gpecific homogeneoussiteswithin
theadsorbent and hasfound successful applicationsin
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many adsorption processes of monolayer adsorption.

For the case of adsorptionin solution, theequationis

represented by thefollowing .

C 1 C
+

e

— e

Ao Onaki e ®)
Where g, (mol g*)is the adsorption capacity for Pb
(1N, Fe (1), Cd (I1), Cu (1) and Zn (11) ions on the
adsorbent at theequilibrium, C_(mol dm®)isthe equi-
libriumions concentrationinthesolution, g, isthe
monol ayer adsorption capacity of the adsorbent, and
K isthe Langmuir adsorption constant. The plots of
Ce/q,vs. C_fortheadsorption of pb(Il) ion onto com-

posite Figure 7 give astraight line of the slope, q

and intercept, q k.

0.08

0.06

('t_v-"q\_

0.04 -

0.02

0.00

Figure7: Plotsof C /g against C_for theexchangeof pb(l1)
on polyacrylamideferric antimonate at different reaction
temperatures.

Wetook theresultsand figures of lead asexample
for the sake of brevity. The Freundlichisothermisan
empirical equation employed to describe heteroge-
neoussystems Theplot of INK vs. /T for Pb(Il), Fe
(1), cd (1), Cu (1) and Zn (I1) ionsisgivenin Fig-
ure 8. Accordingly thevalues of AH at saturation are
calculated for Pb (1), Fe (111), Cd (11), Cu (Il) and
Zn (1) ionson polyacrylamideferric antimonate and
represented inthe TABLE 4. Thesevaluesindicate
the exothermic behavior of polyacrylamide ferric
antimonate. Thelinearized form of the Freundlichiso-
therm equation ig%,

©)

Where K_ (dm*® g*) and n (dimensionless) are
Freundlich adsorptionisotherm constants, beingindica:
tive of the extent of the adsorption and the degree of
nonlinearity between sol ution concentration and adsorp-
tion, respectively.

51

logqg, =logk +%IogCe
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Ink
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4.2-_ *——_!_‘_E_x 7_‘__“]_&7
4.1 —
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— —

J 'K““‘E___Eu
4.0 T T T T T T T T_hiq{‘
0.0029 0.0030 0.0031 0.0032 0.0033
1T
Figure8: Langmuir adsor ption isother m for the sor ption of
Fe(l11),Pb(11),Cd(I1), Cu(ll),and Zn(l1) ionson polyacr ylamid
ferricantimonateat different reaction temperatures.

TABLE 4: | sotherm parameter sfor adsorption of Pb (1), Fe
(1), Cd(11),Cu(ll)and Zn (11) ionson polyacrylamid ferric
antimonate.

0.0034

Langmuir Freundlich
Elements
AH KJ/mol AG°KJ/mol Kk n

Pb -3.34 -10.33 164 4.76
Fe 21.17 -10.55 257 233
Cu 8.09 -9.98 187 2.77
Cd 325 -10.60 167 3.45
Zn 14.78 -11 184 270

Thefree energy AG° associated to the adsorption
process and they were determined by using following
equation.

AG° =-RTInK (10)

Theresultsaregivenin TABLE 4 show that the change
of freeenergy for physisorptionisgeneraly between -
20and 0kJmol, thephys sorption together with chemi-
sorption is at the range of -20 to -80 kJ mol* and
chemisorptionsisat arange of -80to -400 kJmol 4241,
Ascan be seen from TABLE 4, the overall standard
freeenergy changes during the adsorption processwere
negativefor the experimental range of temperatures,
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corresponding to a spontaneous and a boundary of
physisorption process of Pb (1), Fe (I11), Cd (11), Cu
(I andZn(Il) ionson poly acrylamideferric antimonate.

Thenegativevaueof theenthal py changeof Pb(I1)
ionindicatesthat exothermic behavior, andthe positive
vaueof theentha py changeindicatesthat the adsorp-
tion processisendothermic and thisvalue also indi-
catesthat the adsorption followsaphys sorption mecha
nismin natureinvolving weak forcesof attraction be-
tween the adsorbed of (Pb (I1), Fe (111), Cd (I1), Cu
(IN and Zn (1) ions) and composite, thereby demon-
strating that the adsorption processis stable energeti-
caly?1, The Freundlich constant nisameasure of the
deviation fromlinearity of theadsorption. If avaluefor
nisbelow to unity, thisimpliesthat adsorption process
isgovern by achemicd mechanism, but avauefornis
aboveto unity, adsorptionisfavorableaphysical pro-
cess. TheK_and nwerecal culated from the sl opes of
the Freundlich plotsasshownin (Figure 9, wetook the
resultsand figures of lead as examplefor the sake of
brevity) and werefound to be (1.64-2.57) and (2.70-
4.76) respectively. Themagnitudes of K_and n show
easy separation of heavy metal ion from wastewater
and high adsorption capacity!®. Thevaueof n, which
isrelated to the distribution of bonded ionson the sor-
bent surface, represent beneficial adsorptionif isbe-
tween 1 and 103, Thevaluesof nat equilibriumare
representing favorable adsorption at studied tempera-
turesand therefore thiswould seem to suggest that a
physical mechanism, whichisreferred theadsorption
bond becomes weak!*!! and conducted with van der

A 45°C
® 65°C

0.4

-6.0 I -5I.11 ) —éll.& . -4I.2 ) —3I.6 I -3I.D ) —2I.4 . -1I.8 ) -II.2 . -OI.S

logC,
Figure9: Freundlich adsor ption isother m for the sor ption of
Fe(l11), Pb(11), Cd(I1), Cu(ll),and Zn(l1) ionson polyacrylamid
ferricantimonateat different reaction temperatures

—= Fyll Poper

Waalsforces. TABLE 4 givestheisotherm parameters
for both Langmuir and Freundlichisotherms. Fromthese
parameters of the adsorption isotherm, it was noted
that the Freundlich isotherm mode exhibitsbetter data
than theLangmuir isotherm modd.

CONCLUSION

Thepresent study showsthat polyacrylamideferric
antimonateisan effective adsorbent for theremoval of
Pb (1), Fe(111), Cd (1), Cu (II) and Zn (11) ionsfrom
aqueous solutions. Thefollowing resultshavebeen ob-
tained:

1- polyacrylamideferric antimonatehasagoodion
exchange cgpacity, high stability and high sdlectiv-
ity for Pb (1) and Fe (111) than Cd (1), Cu (II)
andZn(ll) ions.

2- theadsorptionfollowsaphys sorption mechanism
in natureinvolving weak forces of attraction be-
tween the adsorbed of Pb (1), Fe (111), Cd (1),
Cu (I)and Zn (1) ionsand polyacrylamideferric
antimonite..

3- itwasnoted that the Freundlichisotherm model
exhibits better datathan the Langmuir isotherm
modd.
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