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ABSTRACT

Zircono-silicate asinorganic ion exchanger was synthesized in two ratio’s for Zr/Si to equal 0.4 and 1.0. Structure
features for two ratio’s were conducted and the molecular formulas of two synthesized ratio’s was found,

{(2Zr0,)) (H,SI0,)]

158"

5.21H,0} and {(ZrO,) (H,SIO,), .. 7.88H,0} for samples| and 11, respectively. Distribution

coefficient studies of Cs', Co?* and Eu®* ions on the matrices were carried out at different reaction temperatures.
Thermodynamic parameters i.e. AG, AS and AH have been calculated for the sorption system. The sorption
process was found to be endothermic with the selectivity sequence, Eu*>Co* > Cs' for zircono-silicate | and
Co*>Eu*>Cs' for zircono-silicate |1. Kinetic studies of exchange of Cs", Co?" and Eu®* ions on zircono-silicate |
and Il was also investigated under particle diffusion control. The effective diffusion coefficients, activation

energies and entropies of activation have been evaluated.

INTRODUCTION

Sorption phenomenaarelinked to mgor environ-
mental issues, especidly inthefield of nuclear waste
treatment. A large number of sorption datafor various
radionuclides on ion exchange materials have been
coed®3. However, dataare often given either asdistri-
bution coefficients, K, whosegenera agpplicability has
guestioned, or determined by using athermodynamic
data*%l. Among the various thermodynamic data
which have been devel oped in recent years, theion
exchangetheory and the surface complexation dataare
themore widely used®8. When athermodynamic
dataisused, sufficiently accurate informationisob-
tained, for example on the nature of thereaction sites
on the solidsor on the structure of the sorbed species.

Marageb and Co-workers® studied the sorption
of radionuclideson eight different samplesof cerium (111)
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slicate. Separationsof &Sr -#Sc, “"Nd -*2Thand ’Nd
25238 ) have been devel oped on column of cerium(lll)
silicate®. Husain and Co-workerg'? synthesis seven
different samplesof lanthanum silicate under different
varying conditions. Sorption and separationsof Fe-Cu,
Fe-Co, Sr-Csand Sr-Ru on columns have been car-
ried out. In literature, different authorshave beenre-
ported some paperson zirconium silicateas support of
cobalt catalystsfor Fischer-Tropsch synthesig, as
phosphorusand precursor for preparing novel lumi-
nescence dense materials'?, or as adsorbent for
sorption of uranium(VI) species from waste solu-
tiong®d.

Inthiswork zircono-silicate has been synthesized
with different Zr/Si ratios. Characterization and struc-
ture of both ratioswere conducted. pH titration curves,
digtribution coefficientsof Cs', Co? and Eu®* ionsfrom
aqueous waste sol utionswere determined at different
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reaction temperatures. Sorption parameters such as
enthal py, free energy and entropy changes have been
evauated. Thediffusion of Cs", Co?* and Eu** ionsin
theparticlesof zircono-silicate samplesintheH-form
werestudied.

EXPERIMENTAL

All reagentsand chemical sused wereof andytica
grade and used without further purification.

Synthesisof zircono-silicate samples

Zircono-silicate samples were synthesized by
dropwise addition of zirconium oxychloride solution
(0.5M) to sodium metasilicate solution (0.5M) with
volumetric ratio’s Zr/Si equals 0.4 (ratio I) and 1.0
(ratio ) inwater bath at 50+1°C with gently continu-
ousdtirring. After complete additionthemixtureswere
left in room temperaturewith continuousstirringfor 2
h, thendistilled water waspoured to the mixtures. After
overnight standing the preci pitateswere separated and
washed severd timeswith distilled water. The precipi-
tateswerewashed by 0.1M HNO, to removeimpuri-
tiesand Cl-ionsfrom the preci pitatesand rewashed the
solidsby distilled water toremove NO, ions. After dry-
ing at 50+1°C, the solids were poured in near boiling
distilled water to removetheair trappedin the solids
and redried at 50+1°C. The solids obtained were
ground, sievedto different mesh sizeand storeat room
temperature.

Char acterization of thematerials

In order to determinethe structure and molecular
formulaof synthesized zircono-silicate samplesinfra-
red, X-ray diffraction and fluorescence, thermd stud-
ieswere conducted. Infrared spectraof zircono-sili-
cate sampleswere recorded using potassium bromide
(KBr) pellet techniqueon BOMEM-FTIR spectrom-
eter in the frequency range 400-4000cmt. X-ray dif-
fraction patternswere recorded on a Shimadzu XD-
D1, X-ray diffractometer usng Cu-Ka radiation (A =
1.5418A). The instrument was equipped with a
graphite monochromator operating at 30kV and 30mA.
The X-ray studies were performed between 5 and
90°C26 whilethe speed of therecorder wasmaintained
at 2°C 26/min. . Surfaceareaor zircono-slicatesamples
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weremeasured using BET-technique asan adsorption
phenomenaof nitrogen gas on the powder surface at
77K. Therma andysesof thematerid swere performed
using a Shimadzu DTA and TGA thermal analyzer,
Kyoto, Japan. Thedataof heating wasfixed at 15°C/
min. in nitrogen aimosphere. Elemental analysis of
zircono-slicatesamplesweremeasured usng aPhilips
PW-2400 Sequentid; X-ray fluorescence spectrometer.
The samples measured using a pelletstechnique and
semi-Q application program.

pH-Titration curveof ion exchangers

0.3g of zircono-silicate samples were placed in
glasscolumnfitted with glasswool a itsbottom. A glass
bottlecontaining 30ml of 10°*M HC1 wasplaced be ow
each columnand for determination of pH, aglasselec-
trodewasplacedinthesolution. Allow to 10 M NaOH
solutionto passthrough thecolumnwith flow rate 1 ml/
min. Thevaluesof pH inthebottom of the bottlewere
recorded and the process continued to apH of about 9.

Digribution sudies

Thedistribution coefficients (K ) werecarried out
at different reaction temperatures. 0.1g of theexchanger
wasmixedwith 10ml of 10*M metd ionsolutionsof Cs',
Co? and Eu** [abeled with *#Cs, ®Co and 52*Eu, re-
spectively, inglassbottleand shaked for 24 hinashaker
thermogtat adjusted at 30, 45 or 65+1°C. After overnight
ganding, timesufficient to attain equilibrium, the solids
were separated from the sol utions by centrifugation and
the concentration of each ion was determined radio-
metrically usng Na (T1) Scintillation detector connected
to an ORTEC assembly. Thedistribution coefficient
valueswere cd culated according totheequation

V/m

Kd= Ao

Ag.
whereA andA_. aretheactivity of thetracer in solutionsbefore
and after equilibrium, respectively, and V/misthe solution vol-

umeto exchanger massratio (batch factor (ml/g) = 100} .
Kineticstudies

Rates of exchange of Cs', Co?" and Eu®* ionson
zircono-slicatesamples(ratiol and 1) were measured
under particlediffusion control conditionsand alim-
ited batch techniqueé®. The particlesize of the solid
waseval uated by an optical microscope. Theparticles

ml/g @)
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are assumed be spherical and amean radiuswascal-
culated. The sorptionrate of thed ementswasfollowed
in batch experimentswith the sol ution to solid rate per-
mitting to obtain an uptake of ionslessthan 50%. Ki-
netic experimentswere performed by using batch fac-
tor V/mequa 50mlg* and concentration 0.1 M for metd
nitrate solutionin ashaker thermostat adjusted at 30,
45 and/or 65+1°C. After different interval times, the
solid was separated from the sol ution and the concen-
tration of meta ionin solid was measured radiometri-
cally. The extent of sorption of ionswas cal culated by

A,—A

%Update= 100 2

[0}
where A_and A are the initial and final activity of theionsin
solutions.

RESULTSAND DISCUSSIONS

Onthebasisof infrared, thermal analysis, X-ray
fluorescence, pH titration curveanaysisand X-ray dif-
fraction patternsthemolecular formulaof zircono-sili-
cate sampleshave been determined.

X-ray diffraction patterns of zircono-silicate
samples{ratiol (Zr/Si=0.4) andration|l (Zr/Si=1.0)}
arestudied. The patternsindicated that thereissmall
significant change appear when changetheratio of Zr
to Si. Thedataa soindicated that zircono-silicate | has
asemicrystaline structurecompared to zircono-slicate
[1 that has amorphous nature.

Figure 1 (aand b) showsthelR spectraof zircono-
slicate samples. Theinfrared spectraof zircono-sili-
catel and Il show abroad band in the region of 2800-
3800cmt that may be related to inter-and intra-mo-
lecular hydrogen bond of freewater molecules. The
peaks at 1640cm* arerelated to interstitial water or
bonded water mol eculesing dethestructuresof zircono-
slicatel and 111519, Theintensity of these peaks(3800-
2800 and 1640cm?) areincreasewith decreasethe S
content inthezircono-silicate samples. Thisiscleared
from the spectra(aandb) infigure 1 and the dataob-
tained from thermogravimetricandysswheretheweight
lossinsamples| and 11 is19.29 and 27.35 %, respec-
tively. Thisindicated that theincrease of S contentin
theratio’s affect on the water content in the sample and
thepeak related to Si-O-Zr at 1100-900cm * becomes

=  Pyl] Peper
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Figurel: IR spectraof zircono-silicate 1(a) and I 1 (b)
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Figure2: DTA and TGA of zircono-silicatel (a) and 11(b)

very broadforratio | (Zr/Si=0.4) comparedtoratiolll
(ratio Zr/Si=1.0). Also, peaksrelated to Si-O (silicate
group) at 754 and 420 cm1*518 gre gppeared sharply
inspectrum (a) (Zr/Si=0.4) compared to spectrum (b)
(Zr/Si=1.0). Thepeak at 2388 cm'* clearly appeared
in spectrum (b) compared to spectrum (a) that may be
related to high Zr content inthe sampl e 1115291,

Figure 2(a and b) shows the DTA and TGA of
zircono-silicatel and I1, respectively. DTA curves of
ratio’s I and IT show a prominent endothermic peaks at
~83°C that may be related to free adsorbed water
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Figure3: pH titration curvesof zirconslicatel and 1

moleculesin zircono-silicate samples. Thereisno any
peaks appear over the entirerange of temperaturein-
vestigated. Thisindicated that zircono-silicatel and I
arevery stablein high temperature up to 850°C.

Thermogram of zircono-silicatel and |1 suggest that
theweight lossof zircono-silicateupto 83°C is due to
theremovad of freeexterna water molecules. With con-
tinuous heeting, condensation of exchangesablehydroxyl
groupstake place, that characteristic of syntheticinor-
ganic ion exchangers. At higher temperatures up to
850°C gradual loss in weight is due to the removal of
structure water. The curves pattern suggests that
zircono-silicate | and Il are stable up to 850°C. The
weight lossrepresented from TGA curvesare 19.29
and 27.35%for zircono-sitel and 1, respectively, must
beduetothelossof nH,O from zircono-silicate struc-
ture. Thevaluesof “n”, the external water molecules,
can becalculated fromAlberti’s equation™;

X(M +18n
_ XM +18n) )
100
where X is the percent water content and M+18n is the mo-
lecular weight of the exchanger. It gives the values of “n”

equal 5.21 and 7.88 for zircono-silicate | and 11, respectively.

Theelementa analysisof zircono-silicatel and |1
was conducted using X-ray fluorescencetechnique. The
sampleswereground to very fine powder and pressed
insampleholder with 40mm diameter and 5Smm thick-
ness. Themeasurementswere carried out according to
semi-Q application program. The dataobtained indi-
cated that the concentration of zirconiumandsiliconin
zircon-silicate| are 22.92 and 31.33 %, respectively,
whileitisinzircono-silicatell are 20.99 and 27.35%,
respectively.

Figure 3 (aand b) showsthe pH-titration curvesof

18n

zircono-silicatel and 1, respectively. Inthisfigure, the
X-axisisrepresentsthe number of mill molesof 0.01
M NaOH passed through per gram of zircono-slicate
and Y-axis showsthe pH value of the effluent passed
through the column. The pH-titration curvesof zircono-
dlicatel and Il show only oneinflexation point indi-
cating that zircono-silicate sampl es behave as mono-
functiond.

Onthebasisof dementd andyss, IR, DTA, TGA
and pH-titration curves, the following tentative
formulasmay beassigned for zircono-silicatel and 11 as
{(zr0,)H,SO,), ;5.21H,O}and{(2rO,) (H,SO,),
7.88H,0}, respectively.

The preliminary studies on sorption of Cs', Co*
and Eu** ionson zircono-dlicate sampl esindicated that
the equilibrium timefor theion exchangeto occur is
attained within 5h, sincethereisno further uptake of
ionsafter thistime.

Thermodynamic parametersfor the adsorption of
Cs', Co** and ELP* ionson zircono-slicatesampleswere
cal culated by the study of thedistribution coefficients
of thesecationsat different reactiontemperatures. When
theion exchange proceeds by thereaction;

nH* +M™ <& M™ +nH* 4)
insufficiently diluted solution, whereactivity coefficient
may beneglected, the selectivity coefficient can bede-
fined by thefollowing equation;

[M n+][H+]n
(H*T"M"™]

KMy

©)

where (M"+] and [4+] denote to the concentrations of

M™ and H* ionsin the cation exchanger, respectively, and[H*]
and[M™] are their concentrationsin the solution. AsK ; is

e ®
[M™]
K kM T @
[H*]"
orIong:IogKMH['_'_+]-nIog[H+] (8)

When yn+] <<(n*] and [M™] >>[H], KM [H]"is con-
sidered as constant,
reduced to

LogK ,=C—nlog[H"] )

thus equation (8) can be

Physical CHEMISTRY — commmm
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The adsorption of Cs', Co** and Eu®** ions on
zircono-slicate samplesinthetemperaturerange 303 -
338K at constant initial concentrations of Cs*, Co**
and Eu** ions(10“M) inaqueoussolutionat pH =1 was
carried out. However thetemperatureinfluences both
therateand theamount adsorbed. Theequilibriumvaue
of adsorption at different temperatures has been uti-
lizedto evduatethechangeinenthapy (AH), for which
thefollowing expressonisapplied;

AH
+—
2.303RT

where K, is the distribution coefficient (ml/g), AH is the en-
thalpy change, R is the gas constant and T is the absolute

temperature.

Figure4 showsthevariaion of log K ,with /T for
Cs', Co?* and Eu®*ionson zircono-silicatel and 1. It
was observed that the adsorption of Cs', Co?* and Eu®*
ionsincreaseswith increase thereaction temperatures
from 303to 338K with linear relationship. Thisincrease
intheamount of Cs", Co?* and Eu® ionsadsorbed with
anincreaseintemperature may beeither dueto accel-
eration of some slow adsorption steps of dueto cre-
ation of some new active sites on adsorbent surfaces.
Similar resultshave a so been reported for the adsorp-
tion of Cd?* ion on various metal oxide surfaces'819
while Co*ion showsoppositebehaviour on TiO,-poly
acrylonitrile? and also Cu?*, Ni?*, Cd?* and Zn?* ions
onsilicon antimonaté?- Fromthedopesof linear rela
tionshipsinfigure4 wecan cd culatetheentha py change
(AH). Thefreeenergy (AG) and entropy (AS) changes
of specific adsorption can also calculated using the

LogK 4 =C (10)

equations,
AG=-RTInK, (11)
AG =AH-T AS (12)

Thethermodynamic parametersfor the adsorption
of Cs', Co?* and Eu®* ionson zircono-silicatel and 11
were cal culated and summarized in TABLES (1 and
2), respectively. Thepositivevaluesof AH for Cs', Co?
and Eu*" ionson zircono-silicate | and Il indicated that
the processesareendothermicinnature. Smilar results
have been reported for adsorption of Co?* iononferric
oxide?! and titanium oxid€??. Thedatain TABLE 1
showsthesdectivity of zircono-silicatel for thestudied
cations have the sequence; Eu**>Co?**>Cs' that may
be duetothehigher dectrogtaticinteraction of themul-
tivalent cationscompared to themonovaent ones. The

=  Pyl] Peper
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Figure4: Van’t Hoff plot of the adsorption of Cs*, Co* and
Eu**ionson different zir cono-silicate sample

TABLE 1: Thermodynamic parameter sfor adsorption of Cs',
Co? and Eu** ionson zircono-silicatel

Reaction AH 1 AS
lons temp,°K  kJmol™ AGKImo™ g, o1 1
Cs' 303 047 166 -393
318 034 256
328 -1.49 597
338 334 11.27
Co? 303 021 295 1043
318 -4,09 1352
328 -4.96 15.76
338 542 16.66
Eu® 303 013 0.30 -0.56
318 -045 182
328 -0.59 219
338 121 3.9

TABLE 2: : Thermodynamic parameter sfor adsor ption of Cs',
Co* and Eu®* ionson zir cono-slicatel |

Reaction AH 1 AS
lons Temp., °K  kJmol™ AG kJmal™ 5, -1 2
Cs' 303 043 4.06-11.97
318 2.04 -5.06
328 0.95 -158
338 -0.82 371
Co* 303 023 035 -0.39
318 071 2.96
328 -164 571
338 253 818
Eu* 303 033 2.95-8.65
318 145 -352
328 0.65 -0.98
338 071 3.08

negativevauesof AGin TABLE 1indicated that the
adsorption of Cs', Co?* and Eu** ionson zircono-sili-
cate | are spontaneous process and entropy directed.
Alsothenegativity of AGinTABLE 1 meansthehigh
preferentially of zircono-silicatel for Cs*, Co?* and
Eu®* ionsin solutions compared to H* ionsin solid

A Tndéan W
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and the preference increasesa ahigher reaction tem-
peratures(TABLE 1). Thepaositivevauesof ASindicated
theincrease of randomnessat solid-solutioninterface
dueto the adsorption of these cations on zircono-sili-
catel andincreasetherandomnesswithincreasethere-
actiontemperature. Ontheother hand, thedatain TABLE
2indicated that zircono-silicatell preferringtheH* ion
in solid compared to the cationsin solutionswhereasthe
freeenergy change (AG) hasapositivevalue. The nega-
tivevaueof AGfor Co?* iononzircono-slicaell means
the preferentially of Co? ion comparedto Cs' and Eu®
ionsonzircono-dlicatell. Thisresultisdemonstrated by
low entropy changefor Co?* ion and the sdlectivity se-
guencetaketheorder; Co** > Eu** > Cs'. Negativeval-
uesof ASINnTABLE 2for Cs" and EU** ionsmeansthe
decrease of randomnessat the solid-sol utioninterface
during the adsorption process.

By overall view for thedatain TABLES (1 and 2)
wefound that zircono-slicate | hashigher sHectivity for
Cs", Co?* and Eu* ionsthan zircono-silicate || and the
SHedtivityincreased withincreesingthe S/Zr raio’s. This
maly be duetotheincrease of aciditiesof thematerials
withincreasing (H,SIO,) specieswhichleadsto thein-
crease of dectrostatic interaction of thecounterionsthe
exchangestes®.

Kineticsof exchange

The conditionsof the present experiment were set
to study the particle diffusion mechanism only. Asthe
limited-batch technique was empl oyed, the equation
devel oped by Boyd et d > improved by Reichenberg®!
can be used. If the rate -determining step is diffusion
through the exchanger, then thefollowing equationis
vdid,

6 — 1

F=1—Y —exp(-2-n’Bt) (13)
T n=1 n

andB=(n*D,)/r? (14

whereF isthefraction attainment of equilibrium, n
isaninteger, tisthetime, D, isthediffusion coefficient
andristhe particleradius of theion exchanger. The
vauesof Btintheaboveequation werecd culated from
the measured val ues of F(t) by using the equation pro-
posed by Rel chenberg®!

Thevariationof fraction atainment of equilibrium (F)
withtimeat different metal ion concentrationsshow that

1/r2x103, cm2
Figure5: Plotsof B against 1/r? for exchangeof Cs', Co*
and Eu*"ionson zircono-silicatel at 30+1°C

Bx10*%, st

1/r2x10%3, cm?
Figure6: Plotsof B against 1/r? for exchangeof Cs', Co**
and Eu®** ionson zir cono-silicate || at 30+1°C

TABLE 3: Dj valuesof Cs', Co* and Eu* ionson zircono-
slicatesamples| and |1 of different particlesizesat 30+1°C

lon Exchange dIiD:r:1tle(t:le? Bx10* Db, x 10°,
Exchanger ~system o0 (mn’1) st com%?t

ZrSi (ratiol) CsH 0.312 270 066
0.456 2.00 154

0.750 1.66 243

CoH" 0.312 4.00 0.98

0.456 195 103

0.750 0.92 138

EVH 0.312 5.00 123

0.456 2.55 134

0.750 1.3 1.90

ZrSi(ratioll)  CsH' 0312 6.20 150
0.456 2.85 150

0.750 119 174

CoH" 0312 5.40 133

0.456 2.85 150

0.750 144 211

EUH" 0.312 7.10 175

0.456 4.60 242

0.750 321 469

Physical CHEMISTRY oo
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therateof Cs', Co? and EU** ionsexchange on zircono-
dlicatel and Il isindependent on concentration of thecat-
ions higher than 10°M and dependent of concentration
below 10*M. Also a study of the particle size effect
wasinvestigated and found that therate of exchangeis
inversely proportional to the square of theparticlera-
dius. A plot of B versus 1/r?for Cs', Co?* and Eu** ions
onzircono-silicatel and Il wasgiveninfigures(5and
6), respectively. Figures5 and 6 show that therecipro-
cal proportionality between therate of exchangeand
square of particlesize, isafurther proof of aparticle
diffusion control®27, Thevauesof thediffusion coef-
ficient calculated at different particleradiusof zircono-
slicate | and Il are given in TABLE 3. Thedatain
TABLE 3indicated that D, va ues are approximately
congtant for theindividua metal ionstudied. Thisindi-
cating that under these conditions, therate determining
stepisdiffusonthrough theparticles.

Plots of F and Bt versust for exchange of Cs',
Co* and Eu**ionsonzircono-silicatel and 11 at 30, 45
and 65+1°C are not given here for the sake of brevity.
Thedatashowed that the rate of exchange (F) isin-
creased with increase the reaction temperature from
30 to 65+1°C and straight lines passing through the
originare obtainedfor theplots of Bt against timethat
prove the particle diffusion mechanism is the rate-
determining step. From thed opesof thelinesobtained
and equation (14), thediffus on coefficient can beevd u-
ated. Theplotsof log D, againgt 1/T for Cs, Co** and
Eu?*ionsonzircono-silicatel and Il aregiveninfigure
7. Figure 7 showsstraight linesare obtained enabling
the cal culation of energy of activation (E)) andthepre-
exponentid constant (D) by applyingArrheniusequar
tion® asfollows;

D, =D, exp(ERD (16)

Theentropiesof activation (AS) for diffusonions
werethen cal culated from D by substitutingin Barrer
et d. equation®;

D,=2.72{(KTd? h) exp AS® 17)

whereK isthe Boltzmann constant, T isthe absolute tempera-
ture, d is the average distance between two successive posi-
tions in the process of diffusion which is taken as 5x10% cm

and histhe Plank’s constant.
Thevauesof diffusion coefficients (D), pre-expo-
nential constant (D), energy of activation (E,) and en-

= Pyl Paper

TABLE 4: Thermodynamic parameter sfor thediffusion of
Cs", Co? and Eu**ionsin theparticlesof zircono-silicate(l)
at particle size 0.75+0.002mm and different reaction tem-
peratures

Exchange Reaction D; x10° D, E, AS
sysem  temp,°K  an’s'  an’s’  KImd? Jmol K™
Cs'IH* 303 243 8.00x107 670  -224.06
318 278  300x107 -231.86
338 321 300x107 -232.25
Co?KT 303 138 6.00x10° 1532  -207.78
318 178  5.80x10° -208.31
338 255  640x10° -208.12
B H* 303 190 1.23xI0° 1628  -20185
318 255  1.20xI0° -202.37
338 371 123x10° -202.76

TABLE 5: Thermodynamic parameter sfor thediffusion of
Cs', Co** and Eu*lonsin theparticlesof zircono-silicate (1)
at particlesize 0.75+0.002 mm and different reaction tem-
peratures

Exchange Reaction D; x10° Do, Ea AS,
sysem temp.,°K m?s’! cm’s’ kJmol™ Jmol 'K ?
Cs'/H* 303 174  107xI0* 2202 -183.82

318 275 1.15xI10* -18357
338 436  1.09xI0% -184.57
Co*H" 303 211  1.34x10° 1628 -201.12
318 289 1.34x10° -201.44
338 407  1.34xI0° -202.03
ECHT 303 469 1.40xI0° 862 -219.66
318 553  1.40xI0" -219.99
338 6.78  140xKT® -22057

W —e—Cs" (ZrSi 1)

—o—Ca" (ZSi 1)
—d—Eu' (ZrSi 1)
——Cy (ZrSi )
—o—Ca' (Z:tSi 1)
—+—Eu" (ZrSi 1)

LogD

o . 1 a1 . 1 . 1
29 3.0 34 3.2 33

UTx10% K
Figure7: Arrcheniusplotsfor exchangeof Cs', Co* and
Eu**ionson different zircono-silicate samples

tropies of activation (AS) of Cs, Co? and Eu®* ions
on zircono-silicate | and Il were summarized in
TABLES (4 and 5), respectively. Thevalues of dif-
fusion coefficients of Cs, Co?* and Eu®* ions on
zircono-silicate Il (TABLE 5) are higher than those
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Figure8: Thecorrection between Asand E for exchange
Cs', Co* and Eu®* ions on different zircono-silicate
samples30+1°C

obtained on zircono-silicate | (TABLE 4) and both
zircono-silicate | and 11 show high diffusion coeffi-
cientsthan those reported for nobium phosphate?
and zirconium phosphate® and nearly equd tothose
reported for zirconium titanate=Y.

Theactivation energy of the cation diffusion pro-
cess reflects the ease with which cations can pass
through theexchanger particle. Therdatively small ac-
tivation energy valuesgivenin TABLE (4 and 5) for the
different cationssuggest that therateis particlediffu-
sion controlled®. Thesevauesaregenerdly compared
with thosefor highly cross-linked resing® and many
zeolites®. TABLE 4 showsardaively low vaueof E,
for Cs'(6.70 kdmol™) onzircono-silicatel compared to
C0?*(15.32 kdmol ) and Eu**(16.28kJmol ™). On the
other hand, TABLE 5 showsrelaively low valueof E,
for Eu**(8.62 kJiriol™t) on zircono-silicate Il compared
to Co?*(16.28 kimol ) and Cs*(22.02 kdmol1). The
dataof Eain TABLES(4 and 5) indicated the higher
seectivity of zircono-dlicatel for thestudied cation that
may be dueto higher acidity of zircono-silicate | by
increase the Si/Zr ratio from 1.0(ratio 1) to 2.5
(ratio )=,

The entropy change normally depends on the ex-
tent of hydration of the exchangeableand exchanging
ions, along with any changeinwater structurearound
ionsthat may occur when they passthrough the chan-
nelsof theexchanger particles. Ingenerd, negativevaue
of theentropy of activation summarizedinTABLES (4
and 5) suggeststhat upon exchange of these cations,
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no significant structure change occursin zitcono-sili-
catel andIl. TABLES (4 and 5) show negative values
for (AS) for Cs', Co? and EU®* ionson zircono-silicate
| with highly negativity than those obtained on zircono-
dlicatell. Thelower valuesof ASfor al systemsstud-
ied onzircono-silicate| support thehigher stability and
hencetheleast sterric difference of the system.

Figure8 showstherel ationship between E, and AS
values for the exchange of Cs', Co?* and Eu®/H* of
zircono-silicatesamples| andll, theplotsof E, and AS
givealinear relationshipindicating that E_-AS compen-
sation mechanism holdsintheion exchangesystemon
zircono-slicate. Therefore, the physicochemicd origin
of the E-AS compensationsisprobably related to an
intrinsic property of hydration. In other words, acon-
tribution of theactivation energy termtothefreeenergy
ismoreor lessfully compensated by asimultaneous
change of the entropy term rel ated to the dehydration
of theother iong™,

Finally, thedata obtained from thekinetic studies
for Cs", Co?* and Eu** ionson zircono-silicatel and I
areagreement with that obtained from sorption studies
intheselectivity of zircono-silicate| for thementioned
cationscomparedto zircon-silicatell.
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