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ABSTRACT

The sorption properties of polyurethane foam (PUF) and chromatographic
behaviour for separation and determination of iron metal ionswere investi-
gated. The diffusion mechanism of iron metal ions onto PUF was studied
under particle diffusion conditions and limited batch technique. The maxi-
mum sorption of Fe (111) was in the pH values of 2.1. The variation of the
sorption of the Fe(l11) ionswith temperature gives an average values of AH,
ASand AG to be-102.3 kJmol?, -314.0 JK-* mol* and -9.7 kJmol 2, respec-
tively. The average sorption capacity of PUF was 1.69 mmol g* for the
preconcentration factorsof values™250 and the recovery 98% were achieved

(RSD =~ 0.48%). Themodified of Morris-Weber equation, y = avx £ b where
a=f(r*,r’,z, T, C) and b = f(Qe) was examined for theinterpretation of the
diffusion mechanism of sorption of iron metal ionsonto PUF. The determi-
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nation of Fe(l11) in the environmental samples using PUF was applied.
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INTRODUCTION

Polyurethanefoam (PUF) isan excellent sorbent
for separation and preconcentration of thetrace meta
ionsin environmental sampleswith an inexpensive
method. Thismateria haslow density, good flexibility,
high selectivity and good stability. For thesereasons, a
considerableinterest in PUF had riseninthetwo last
year®, Thekinetics study of sorption of metal ions
onto PUF isimportant sinceit providesinformationon
the mechanism of rate controlling processand on the
reactions accompanying the extraction aswell ason
theinterna physical structure of the PUF and the ex-
tractedions.

Saeed et a.[*° nitiated theinterpretation of ki-
netic datafor the sorption of Co and Cdionsonto PUF
ether by diffusion or massaction transfer. Thefirstin-
terpretation of the kinetic datatreated PUF as porous
particles of spherical shapesand assumed that metal
ionsdiffuseinto these micropores. Assuming that the
time dependency of bulk sorption was governed by
intraparticle diffusion, the equation given by Morris-

Weber (M-W), Q, =k, 't wasapplied, theplot was
linear but doesnot passthrough the origin as predicted
from equations, showing that the particle diffusion
mechani sm was not operative and did not control the
Kinetics of cobalt sorption on PUF. Hasany et a.[*213],
El-Shahawi et a.[**1% and deAlmeidaet a.' applied
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the M-W equation on thekineticsof Co, Ag, Hg, U,
Se, Au and nitrophenol sorption onto PUF. Thediffu-
sonraeof thesemetd ionswasrapidintheinitid stages,
and dowed down with the passage of timeand theplot
was deviated with increased time. Moawed et al .[&24
studied thekineticsof sorption of Li, Na, K, Ag, Ni,
Cu, Pd, Cd, Hg, Auand U ions onto different type of
PUF. The M—W equation was applied, the data ob-
tained showed that the values of theinterparticlerate
constant was dependent ontheionic sizeof meta ions
and the size of PUF. Finally, the M-W equation was
applied on the sorption of Cr, Pb, Cd, Ni, Cu, and
organic matter onto different sorbentse.g. sunflower
stemi?, X AD-1612324 Styrofoam®, beach sand?®,
rice husk?1, Moringa oleifera podsi®! and
poly(hydroxyethylmethecrylae)®. Theresultsobtained
for these sorbentswerein agreement with PUF.

The methodol ogy of the present work isto study
the chromatographic behaviour of extract of iron metal
ionsonto PUF in order to examine approaching of the
exact condition of sorption of metal ions onto PUF.
Also, weinterpret the deviation for theapplication M—
W equation on the sorption of metal ions onto PUF.
Finally, we apply PUF for the preconcentration and
determination of the Fe(111) metd ionsin environmenta
samples.

EXPERIMENTAL

Reagentsand materials

All reagentswere prepared from anaytical reagent
gradechemicasand biditilledwater. A 1 mgmL* stock
solution of metal ions was prepared by dissolving
Fe(NO,),.9H,Oinwater, thesolutionisthen diluted to
100 mL in ameasuring flask. A 4 mol L* potassium
thi ocyanate sol ution was prepared by dissolving 97 g
of KSCN in 250 mL of H,O. Commercia whitesheets
(density ~ 12-25 kg m=) of open cell polyether type
based pol yurethanefoam were used.

Apparatus

All spectrophotometric measurementswere per-
formed using spectro UV-VisRSDigital spectropho-
tometer (Labomed, Inc). The pH measurementswere
carried out using apH meter from Microprocessor pH
Meter (HANNA Instruments).
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RESULTSAND DISCUSSION

Inorder to estimate the best conditionsfor thede-
termination of iron (111) metal ionsand to interpret of
the diffusion mechanism, we studied the sorption
behaviour of Fe(l11) ionsonto PUF.

Optimum conditionsfor sorption of iron, cobalt and
nickel onto PUF

Theeffect of pH on the separation of Fe(l11) ions
onto PUF was examined using abatch technique. A
0.1 g portion of the PUF mixed with 25 mL aliquot
solution containing 4 ug mL* of Fe(l11) ionsand 0.8 M
of KSCN at different pH values. After shaking for 15
minutes, the sol utionswere separated and the concen-
tration of metal ionswas determined spectrophotometri-
cdly usngthiocyanatemethodinacidicmediumat 1.
495 nm. The pH values were plotted against the up-
takeasshownin Figure 1. The optimum pH rangesto
separate Fe(111) from agueous solutionwas 1.4-2.4 and
the uptake of [Fe (SCN),]* was decreased with in-
creasing pH values2.5-3.5. Thisresult showsthat con-
trolling the pH can play aroleto enhancethe selectivity
of Fe(l11) ions separation with PUF.

100
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Figurel: Effect of pH onthesorption of iron (111) ionsonto

PUF

The uptake of Fe(l11) ions (7.16 x10° mol L)
with PUF wasfound to be strongly dependent on the
thiocyanate concentration, thus the concentration of
KSCN inthe extraction medium was studied in the
concentration rangefrom 0.01to 2 -mol L* KSCN.
From the results obtained, the sorption of iron (I11)
ionsincreaseswith theincreasing of ligand concentra-
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tion (from 0.01t0 0.80 mol L %), thenit dightly changed
with theincreasing of KSCN concentration (0.4-8.0
mol L*). The optimum KSCN concentration ranges
necessary for the maximum uptake of Fe (I11) ions
were 0.8-2.0 mol L4,

Uptakeof the Fe(l11) on PUF wasdetermined asa
function of metal ions concentrationsin the aqueous
solution. Thelinear plot of Qvs. [M™] isshowninFig-
ure 2. Theresultant isotherms show agood linear rela
tionship over arelatively widerangeof [M™] with zero
intercept (0.0013) and agood correlation (r=0.9997).
The low relative standard deviation values (RSD~
1.79%) for theana ysisof five samplesreplicatesof the
Fe (111) whichindicatesagood precision and accuracy
of the proposed method.
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\
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Figure2: Isotherm curve of the sorption of Fe(l11) ions
onto PUF

The results were analyzed using Dubinin
Radushkevich (Ing=Ink, — e & ¢=RTIn[1+1])
equation, where*“q_” is the amount of Fe(III) ions sorbed
per unit massof PUF, ““q.” is the amount of metal ions
sorbed at equilibriumand K . isaconstant. The com-
puted average vaue of  fromtheslopesis-5.9x103
kJF mol2. Theactivation energy of thecation diffusion
processisvery important sinceit reflect theease with
which cation can passthrough PUF particles. Thevdue

of AE canbecorrelatedto (E =1//-2p ). Theevau-

ated averagevaueof (E) is9.2 kJmol* for metal ions
sorbed. Thesmall value of AE suggeststhat therateis
particlediffusion controlled®Y. The average capacity
of the PUF for iron metal ions was estimated to be
1.69mmol g*.

The dependence of sorption of Fe(l11) ionsonto

—— Fyll Peper

PUF with temperature was eval uated using the equa-
tions: InK_=—-AH/RT + AS/R, and AG = AH —
TAS Theplotof InK _vs. T givesthenumerical val-
ues of AH and AS from the slope and the intercept,
respectively (Figure 3). The uptake of metal ionsde-
creaseswith theincreasing of temperature. The aver-
agevaueof (AG) is—9.7 kJ mol?, thenegativeva ues
of AG areattributed to the pontaneous nature of sorp-
tion process. Similarly, thenegativevauesof AH (with
averagevalue-102.3 kJmol ™) may beinterpret asthe
exothermic chemisorptions process, whilenegativeva-
ues of entropy (with averagevalue-314.0 JK-* mol )
may beindicativethat the sorptionisfast. Thelow ac-
tivation energy of the sorption ascompared to theen-
thal py indi catesthe strong attraction operation during
sorption and the uptake process can occur even under
normal conditions.

2.51

0.5

0

0.00305 0.00315 0.0032 0.00325

UT, K2
Figure3: Effect of temperatureon thesor ption of metal from
aqueoussolution

0.0031 0.0033

The performance of PUF in preconcentration of
ironmetd ionsin different volumesof aqueoussolution
wasstudied. Theeffect of the samplevolume (10-100
mL ) to the weight of PUF (0.1 g) on the uptake was
studied using batch technique. The dataindicate that
themaximum sorption of meta ionsinbatch factor (V/
m) rangesfrom 200to 300. The uptakeof theiron (111)
ions decreaseswith increasing of the samplevolume
(from 98% to 52.6%) in batch factor, V/m™ 750.

Theeffect of different types of PUF which have
different densities (12-25 Kg mr3) onthe separation of
Fe(I11) was examined using batch technique. Theden-
sty vauesof PUF wereplotted against the uptake. The
uptakeof metd ionsincreaseswith decreasing the PUF
density (93-98%). Thisresult isdueto thetype of low
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density PUF that hasalarge poresizeand moreactive
centersthan thehigh density PUF.

Theinfluence of particlesize of PUF (0.12—0.89
cm?®) ontheextraction of Fe(l11) wasstudied. Fromthe
results obtained show that the uptake of the PUF for
Fe(l1l) isdightly changed (94.2-98%) withtheparticle
size of PUF dueto using typeof flexible polyurethane
foam haslow densty.

Theeffect of variousduting agentslikeHCI, NaOH,
NH,OH, NaF, Na,C,0, (NH,),C,0, Na,PO, and
CH,COCH, onthestripping of Fe(l1) ionsfrom PUF
matrix was studied. It was observed that the Fe(l11)
was partially eluted by NaF, Na,PO, and HCI, while
NH,OH, (NH,),C,O, and CH,COCH, completely
eluted theFe (111) from the PUF matrix.

Sor ption diffusion mechanism of iron onto PUF

Therateof sorption of Fe(l11) ionsonto PUF (0.28
cm?) was measured by batch extraction modeat differ-
ent timeintervas, i.e., 0.1-30 min. From the results
obtained, thetimerequired for sorption equilibrium for
Fe(l11) wasfound to be 5 minutes. Thisrapid extrac-
tion is dueto the application of PUF by using batch
technique.

Sorptionof iron(Ill) ionson PUF may involvethree
steps: bulk transport of the soluteinthesolution, film
transfer involving diffusion of the solutethrough ahy-
pothetica film boundary layer and diffusion of the sol-
ute within the porevolumesof theadsorbent and aong
pore-wall surfacesto active adsorption sited’?. In pre-
vious published articles'®?, results of studiesonthe
diffusion mechanism of metal ionsonto PUF usingthe
equation of M-W show that the plot of Qt versust?
waslinear but doesnot passthrough theorigin and de-
viated withtheincreasing of time. Therefore, weapply
M-W equation to study thefactor affect thediffusion
mechanism of Fe(l11) ionsonto PUF and to interpret
the deviation of these model on the sorption of metal
ionsonto PUF.

The obtained data show that the plot consists of
threelinesas predicted by the M-W equation (Figure
4). Thelinesdo not passthroughtheorigin. Thediffu-
sonrateishighintheinitial ssagesand decreased with
the passageof time. Thetimerequiredfor theintia stage
isone minute and the avearage value of the uptakein
thistime nearly about 70% (n=5). Also, thetimere-
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quired for sorptioninthe second and third stagesare 1
and 7 minutes (n=5), respectively and the uptakesfor
thesetimesare 11.9 and 13.8%, respectively. Theva-
uesof diffusionrate constant (k,,) arecomputed from
thethreedistinct dopes(Figure4). Theaveragevaue
(n=5) of k,, isestimated tobe0.73mmol g* min*inthe
initial stage up to one minute and isreduced to 0.13
mmol g* min? up to one minutein the second stage,
thento 0.03 mmol g* mint upto 7 minutesinthethird
stage. Thedecreaseof k;, inthe second and third steps
isdueto theretardation and blocking of theactivecen-
terswhich meanthesaturation of thesurface by adsorbed
molecules. Thevaluesof intercept of thethreelines of
the plot are-0.23, +0.40 and +0.56, respectively. Fi-
nally, theequations of thethree stagesarey =0.73x -
0.23(R?=0.99),y=0.13x +0.40 (R*=0.96) andy =
0.034x +0.56 (R2=0.97), respectively (n=5).

2.7

y=0.774 x-0.268

D1 R2=0.984

S 4D3
g 179
1
5 y =0.1758 x +0.3511
- 2 =
e R? = 0.9994
g 07 /
o
3 y =0.0269 x +0.5778
R? = 0.9702
-0.3 T T T
0.3 1.3 23 33
Time, min-12

Figure4: Effect of batch factor (V/m) onthediffusion rate
constant of Fe(l11) onto PUF

Theeffect of particle size of PUF onthediffusion
rateof iron (111) was studied. Threestraight lineswere
obtained, whichweretaken asindication that the par-
ticle diffusion mechanism of Fe(l11) onto PUF pass
through three stages (steps). Theresultsshow that the
three straight linesdo not passthroughtheorigin. The
valueof diffusionrate constant (d ope) decreaseinthe
first step and increasesin the second step withincreas-
ing the particle size of PUF, but it doesnot changein
thethird step (TABLE 1). Thevaluesof theintercept of
first and second lines have negativeva ueswhen using
large particlesize of PUF. Thevaluesof dopeandin-
tercept of third step at different particlesizeof PUF are
nearly equas, which show that thediffusonrateof third
step isindependent on the particle size of PUF.
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TABLE 1: Effect of particlesizeof PUF on thediffusionrate

;’fé,“ccr:q‘i Step-1 Step-2 Step-3
028 Y& 0.71x-0.23, y=0.17x + 0.36, y =0.027x + 0.58,
: R?=0.99 R?=1 R?>=097
037 Y=041x-013 y=073x-044, y=0028x+057,
' R?=0.98 R?=1 R?=0.94
0gg Y= 0.41x-0.14, y=0.72x-0.45, y =0.028x + 0.57,
: R?=0.99 R?=1 R?=0.94

The effect of pore size of PUF (using PUF with
different densities, 12, 16, 21 and 25 Kg m) on the
rate of diffusion of Fe (111) was studied. Theresults
obtained show that thevalue of thediffusionrate con-
stant decreaseswith increasing PUF density intheini-
tial stage, but increasesin thethird step. Thevalue of
intercept increaseswith increasing the PUF density in
theinitial stagebut decreased inthe second and third
steps (TABLE 2). Theseresults show that the rate of
diffusionisstrongly dependent on the poresize or den-
sity of PUF.

TABLE 2: Effect of polyurethanetype (dendty) on thediffu-
sionrate

'?(Z”ﬁ'f%” Step-1 Step-2 Step-3
16 y=0.64x - 0.20, y =0.24x + 0.22, y = 0.05x + 0.53,
R?=0.99 R?=0.99 R?=0.90
21 y=0.53x-0.16, y=0.24x + 0.15, y =0.08x + 0.42,
R?=0.99 R?=0.99 R?=0.95
o5 y=0.33x-0.11, y=0.14x + 0.11, y =0.11x + 0.16,
R?=1 R?=1 R?=1

Theeffect of temperatureontherateof diffusion of
Fe(111) onto PUF was examined. It wasfound that the
rate of diffusion decreasesfrom 0.73t00.32 mmol g*
min?, and theintercept increases (from-0.23t0-0.11)
by increasing thetemperaturefrom 25t0 53° C in the
first stage. But the values of slopeicreasesand inter-
cept decreaseswith theincreasing of temperaturein
second and third stages (TABLE 3). Theseresultsmay
be attributed to the change of diffusion rate depending
ontemperature.

TABLE 3: Effect of temperatureonthediffusonrate

Temp,

o C Step-1 Step-2 Step-3

37 Y=050x-019, y=040x-0.05 y=004x+047,
R?2=0.95 R?=0.98 R?=0.96

. Y= 0.37x-0.13, y=0.56x-0.32, y=0.04x+041,
R?=0.99 R?=1 R?=0.98

53 Y=032x-011, y=050x-0.28 y=005x+0.34,
R2=0.99 RZ=1 R?=0.95

Effect of concentration of iron (0.2-1.8x 10 M)

—— Fyll Peper

ontherateof diffusonwasaso studied. Thediffuson
rate constant increaseswith theincreasing of concen-
tration of metal ions(TABLE 4). Itisclear that thein-
tercept increaseswith increasing [M™] inthe case of
second and third stageswhileit decreasesinfirst stage.
Theseresults may be attributing to the strong depen-
dency of thediffus onrate onthe concentration of meta
ions. Theintercept vauesarea so functionsof the con-
centration of iron (b=f[Fe(l111)]).

TABLE 4: Effect of concentration of iron (111) on thediffu-
sionrate

Conc.,

mgL Step-1 Step-2 Step-3
5 ¥y=031x-008 y=012x+013 y=002x+027,
R?=0.97 R?=1 R?=1
6 Y=090x-029, y=040x+024, y=006x+0.76,
R?=0.98 R=1 R?=0.98
8 y=107x-0.35, y=0.50x+0.29, y=0.11x +0.94,
R?=0.99 R?=1 R?=0.97

Studying theeffect of batch factor, 100-1000 mL
g*(V/m, 0.1 gof PUFin10-100 mL of solution) on
thediffusionrateof Fe(l11) onto PUF showed that the
diffusion rate constant of Fe(l11) ionsdecreasesfrom
1.15t0 0.06 pmol g* min! with increasing of batch
factor from 100 mL g (Figure5). Theintercept in-
creasesthefirst stagebut it decreaseswithincreasing
batch factor in the second and third stages. Thesere-
sults may be showsto the diffusion rate strongly de-
pend on the batch factor.

c

= 1.8

1S

5 -+ Step-1

° -& Step-2

E 13/ -+ Step-3

©

o

—

x

g

% 0.8

c

o

(8]

[J]

g

S 03-

(o]

K7

=

0 02 : : ,
0 300 600 900

Batch factor, V/m, mL g1
Figure5: MorrisWeber (M-W) plot of diffusionrateFe(l11)
ionsonto PUF

Thediffusionrate of different metal ions(Fe, Co
and Ni) onto PUF was studied. The obtained data
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revealsthat the values of the diffusion rate constant
sequence isin the order Co** > Fe** > Fe** > Ni?*
(TABLED). Theseresultsreflect that thediffusion rate
not only dependson theionic sizebut it a so depends
on valence of metal ionsand charge of complex. In
our previous study, the values of k;, sequenceisinthe
order Zn?* > Cd?* > Hg?* which showsthat the diffu-
sion rate depends on the size of metal iong*2. The
plot of Co(ll) and Ni(Il) ions consists of atwo-stage
straight linewhilethe plots of Fe(l11) and Fe(11) con-
sstsof three stages. Thediffusion rate of these meta
ionsisrapidintheinitial stages, and then slowsdown
with the passage of time.

TABLE 5: Effect of different metal ionson thediffusonrate
M etal

ions Step-1 Step-2 Step-3
Fe(ll) y=0.66x-0.20, y=012x+0.34, y=0.02x+0.49,
R?=1 R°=1 R?=0.97
co(l) ¥~ 25232 '10'80’ y=027x + 147, R=1
: y =0.13x + 0.01, _ 2_
Ni (I1) R? =095 y =0.018x + 0.21, R°=0.97

Reichenberg equations Q,/Q_= 167%™ where
B=7?r2D, wasappliedto study the particlediffusion
mechanism. Theresults obtained for thismodd isin

agreement withM-W model. That isthediffusonrate
of thesemattersisrapidintheinitial stages, and dows
downwith the passage of time. The obtained plot con-
sistsof athree-stagelinethat doesnot passesthrough
theorigin(TABLE®6).

The kinetic data for the sorption of Fe(l11) onto
PUF was cal culated according to thefirst order (Iog(Q,
- Q) =10gQ, — kt/2.303) and the second order (t/
Q.=1/k, Q2 +t/Q,) reactions. Aplot of log (Q.—Q)
vs. t showsathree-stage straight line (TABLE 6) which
indicatesthat the processisafirst order reaction for
each of the three stages of the sorption of iron (l11)
onto PUF. The values of rate constants (k ,, K, K,,)
of thethree stages calculated fromthedopesare 1.77,
0.83and 0.48 min, respectively. Thevauesof hdf life
of three stagesof sorption of Fe(l11) onto PUF are 0.39,
0.83 and 1.44 min, respectively. Theplot of t/Q, vs. t
for the experimental dataaccording to second order
reaction model givestwo linear rel ationships (second
and third stagesbecomeone, TABLE 6). Themodel is
not applied on thefirst stage dueto the negativevalue
of thedopeof thestraight line. Thecal culated va ues of
rate constant (k,) and half life(t,,,) are 3.36 min* and
0.28 min, respectively.

TABLE 6: Kinetic data of different model for thesor ption of iron (111) onto PUF

Equation Step-1 Step-2 Step-3

F (QU/Qe) vs. t y = 0.60x + 0.18, R*=0.91 y = 0.13x + 0.61, R?=0.99 y = 0.01x + 0.87, R*=0.98
Btvs.t y = 1.28x - 0.41, R*=0.97 y =0.68x +0.12, R*=1 y = 0.43x + 0.34, R*=0.90
QeQtvs. t y =-0.54x + 0.67, R*=1 y =-0.07x + 0.20, R*=1 y = -0.006x + 0.05, R*=0.95
Log (Qe- Qt) vs. t y =-0.77x - 0.0476, R*=0.95  y =-0.36x - 0.50, R*=0.99 y =-0.21x - 0.68, R?=0.90
t/Qt vs. t y =-0.10x + 1.34, R?=0.81 y=097x + 0.28, R*=1
1/Qtvs. 1/t y =2.03x - 0.14, R*=1 y = 0.43x + 1.47, R*=0.99

Application Then the solutionswere shacked 10 min. The uptake

Theandytica applicability of the polyurethanefoam
was tested for the separation of iron in different
samples.

Fe(l1) ionsinthedifferent samplesof soringwater
fromAl-Nefud Desert (water composition: Na: 17.9
mgL? K:1.2mgL? Ca 10.0mgL™?; Mg: 3.75mg
L Fe:0.01mgL™ TDS: 122.5mgL* HCO,: 28.5
mgL*; Cl: 22.0mgL™*; SO,: 20.5mgL*; NO,: 4.5
mg L™, F: 0.05mg L*and pH: 7.2 had certified by
Novaand Hayat Co) wereremoved using batch tech-
nique. A 25 mL aliquot of water samplewas spiked
with 100 ug of tested metal ions at the adjusted pH.

Hnalytical CHEMISTRY o

percentage of Fe(I11) ionsfrom thewater samplesonto
PUF was 99. Theresults show that the PUF isa suit-
able sorbent for removing metal ions from water.
(RSD~0.69%, n=4).

PUFwasusad for determiningiron content in multi-
vitamin capsules using batch technique. A capsule
(weighing 0.4196 g and containing Ca: 10.7 mg; Cu: 1
mg; Cr: 25 pug; Fe: 4.9 mg; Mg: 19.2 mg; Mn: 1.9 mg;
P: 8.0 mg; Se: 25 pg ; Zn: 7.6 mg) of AZINC
(Arkopharma, Carros, France) wasdigested inabea-
ker with 2 mL of concentrated HNO, by slowly in-
creasing thetemperatureto 150° C until a solid residue
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remained. After cooling, theresiduewasdissolvedin
20mL of concentrated HNO,. The solution was gently
evaporated onasteam bath till aresiduewasagain | eft.
It was mixed with 50 mL of distilled water, and con-
centrated HNO, was added dropwise until aclear so-
|ution was obtained. The pH of solution was adjusted
to 2.3 and therecommended procedure applied. The
percentage of Fe(111) after recovery with 10 mL of ac-
etone was determined spectrophotometricaly. Theav-
erage value of therecovered iron was4.68 mg (95.5
%, RSD~1.03%, n=7). Theseresults showed the suit-
ability of the PUF for determination of ironin pharma:
ceutical samples.

Theiron content of Granite reference sample, G2
(USGeologica Survey Certificateof Andysis, USGS)
was determined. A 0.1 g portion of Granite was di-
gestedwith 5 mL conc. HNO,and 15 mL HCl until a
solid residueremained. After cooling to room tempera-
turetheresiduewasdissolvedin 10 mL of H,Oand 2
mL of conc. HNO, thendiluted with ditilled water to
100 mL. ThepH of the solution was adjusted and the
batch procedure was applied. Iron concentration was
foundtobe1.11 mg L* using PUF (RSD~0.25%, n=3).
Theseresultsarein good agreement with the val ue of
obtained by direct spectrophotometric measurements
(1.16 mgLY) and the certified reference sampleof Gran-
ite(1.06 mgL™?).

CONCLUSION

The present work dealswith theusing of polyure-
thanefoam as polymeric extractorsto separate and de-
termineof concentrationiron metal ionsin environmen-
tal samples. Thesorption behaviour of Fe(l11) onto PUF
wasstudied. Themaximum uptakewasinthepH range
of 0.4-2.4, and theaveragevaluesof AG AH and AS
are -9.7 kJ mol?, -102.3 kJ mol* and -314.0 J K™
mol, respectively. Thenegativevauesof AGand AH
indicate the spontaneous and exothermic nature of the
sorption of thesemetd ions. Also, theaverage sorption
capacity of PUF was 1.69 mmol g?, and
preconcentration factor of vaue™250 and the recovery
of 96-99% were achieved.

Thediffusonmechanismaf iron (I11) ionsonto poly-
urethane foam was studied by using Morris-Weber
equationresults. Fromtheresults, weobserved that: I)

—— Fyll Peper

theplot of Q, versust'?isathree-stagelinethat does
not passthrough the origin with three-intercept value.
[I) Theintercept valueof thefirst stageisnegativewhile
those of the second and third stagesare positive. 111)
Thevauesof dopesinareorder of second stage>first
stage > third stagewith increasing of temperatureand
particlesize of PUF. 1) The values of intercepts of
second stage are changed to negative valueswithin-
creasing of temperature and the particle size of PUF.
Therefore, we can writethe modified model for M-W

equationas y=a./x +b wherea=f(r*,r',z, T,C,V
/ m) and b = f(Qe).
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