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Abstract.In this paper it was analyzed the chromium ion exchange in NaA zeolite in the presence of cations Mg?, Ca?* and K.
Multicomponent ion exchange were studied in two groups: binary solutions (Cr/Mg, Cr/Ca and Cr/K) and ternary solutions
(Cr/IMg/Ca, Cr/Mg/K and Cr/CalK). Mass transfer and operating parameters were obtained such as length of unused bed, overall
mass transfer coefficient and dimensionless variance. It was concluded that the presence of the competing ions alters the exchange
behavior and at least a binary solution must be considered in designing a packed bed to treat industrial wastewater. The presence of
Ca® and Mg? ions decrease chromium uptake in a higher extension than the presence of K* ions.
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1. Introduction

It is wel known that heavy metds are very toxic dements and their discharge into receiving water causes
detrimenta effects on human hedth and on the environment. One of the most important toxic metds, chromium, finds
its way to bodies of water through wastewaters from iron and sted manufacturing, chrome leather tanning, chroming
plating and others anthropogenic sources. For this reason there is a constant need to remove chromium from industria
effluents. Effects of acute chromium poisoning in humans are very serious, including lung cancer (Barroset d., 20014).

Chromium (Ill) sats and sulfur compounds are the main pollutants released in tannery wastewaters and in the
amosphere. The function of chromium sdts in tanning processes is to form, through complexation with the polypeptide
collagen components of legther, a protective layer that prevents the penetration of water in the leather pores avoiding
putrefaction. As far as the chromium sdts is concerned, the tanning process consumes only 60% of the chromium of the
tanning bath (Febiani et d., 1996) and the posshility of recover the resdud metd represents a main god in the
processes.

Chromium remova from tanning wastewater is usualy achieved by precipitation as hydroxide upon addition of
lime or soda and subsequent sedimentation by the use of a coagulant. After precipitetion and filtration, the residud
solution ill contains a chromium content considered deleterious to the environment. An dternative system of cation
removd from this resduad solution is represented by ion exchange, which usualy dlows good performances,
reesonable costs and sometimes, metd recover. The man limiting condition is sdectivity, but adso ion exchange
kinetics, cation exchange capacity and cog are unnegligible choice factors.

Among the various avalable cation exchangers, zedlitess meet the requirements of good sdectivity and acceptable
capecity. The preference of the zeolite to one cation instead of another takes into account the S/Al raig the
exchangesble cation of the darting zeolite (co-ions), the hydration ratio of both co-ion and in-going ion as wel as
temperature and three dimensional channd system of zedlite framework.

Zeolite 4A is widely produced as a detergent builder, has ddined chemica composition and high and constant
cation-exchange cgpacity. The duminoslicate framework of zeolite A includes truncated octahedron (b-cage), which
enclosss a cavity with a free diameter of 6.6 A. The center of the unit cdl is a large cavity (a-cage), which has a free
diameter of 114 A (Giannetto et d., 2000). In recent years an increasing number of studies have been made of the ion
exchange properties of this zedlite with Cd?*, Ca" and M¢* solutions (Biskup and Subotic, 1998; Bari and Rees,
1980; Franklin and Townsend, 1985). Attempts to exchange with trivaent cations were unsuccessful in NaA (Breck,
1974) but sudies concerning chromium ion exchange in NaA are redly rae and are not invedtigated sufficiently. In Cr-
NaA exchange, a high sdectivity should be expected because the cavitiess may accommodate many in-going ions On
the other hand, some steric problems should be evidenced because of the large CP* hydrated ratio of 4.61A according to
Nightingde (1959).

Although some dudies have exhibited high sdectivity towards heavy metd ions, they aso showed that the
exchange behavior is hardly influenced by the presence of two or more in-going cations (Barri and Rees, 1980; Franklin
and Townsend, 1985), which may compete for the same sites. As a matter of fact, multicomponent systems are
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characterized by additiond festures besides those of single components. There are interaction effects among different
species in solution and interactions between cations and sites depending on the on exchange mechanism. Competition
of different metd ion species for the stes will occur and will depend on the ionic characterigtics. Individua ion
exchange parameters cannot define exactly the multicomponent exchange behavior of the metd mixtures (Aroyo et al.,
2000). For that reason, better accuracy may be achieved by using competitive systems containing chromium. Therefore,
the dudy of binary and ternary ion exchange is important in order to evduate the red sdectivity towards this cation
allowing the application of NaA zeolite fixed bed in tannery wasteweter trestment.

Therefore, this work aims to analyze the NaA multicomponent ion exchange towards Cr** in the presence of C&",
Mo and K*, which are the main cations found in the effluents of tannery industries (Barros, 1996).

2. Experimental Section
21 Materials.

The starting zeolite was a very high crystaline NaA, Advera 401, provided by PQ Corporation which has the unit
cel composition Nay(AlO 2)go(S0,)1e in dry basis. In order to obtain, as far as possible, the homoionic sodium form,
the zeolite, as received, was contacted four times with 1 Mol/L solutions of NaCl a 60°C. The zeolite was then washed
with 2 L of hot deionised water and oven-dried a 100°C. The NaA zeolite was pelletized and subsequently screened
and collected in the average diameter of 0.180 mm as this condition minimizes mass trandfer resistances (Barros et d.,
2001b). Findly the particle samples were fluidized to remove fines The reagents CrCls9H:0, MgCl2.6H0,
CaCl2.2H0 and KCI were mixed with deionised water to prepare single solutions, binary (Cr/Mg, Cr/Ca, Cr/K) and
ternary solutions (Cr/CalMg, Cr/CalK, Cr/Mg/K). The concentration of chromium used was based in the naturd
wastewater from tanning baths after precipitetion with a ammonium hydroxide up to pH = 8. According to Barros
(1996) the find chromium concentration in this naturd solution is gpproximately 18ppm. For the other cations it was
kept an equivaent ratio of 1:1.

2.2. Dynamic lon Exchange.

A laboratory unit has been built, as schematicaly shown in Figure 1, in order to investigate the dynamic ion
exchange mechaniam.

Glassbeads
Deionized Chromium [ Zeolite
water tank| solution
tank [ Heating/cooling jacket
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Figure1: Flow diagram for dynamic ion exchange studies.

The ion exchange column conssted of a cdear glass tube 09 cn ID and 30 cm long and contained the parent
zeolite supported by glass beads. The column is connected to heat transfer equipment that maintains al system at 30°C.
Zedlite fixed bed was composed by 3.0 g of NaA for single solutions or 0.96 g for binary and ternary solutions. The
mass of 096 g was cdculated from the breskthrough curves of sngle solutions usng an edimation of a bregk-point
time of 3h according to the method proposed by Geankoplis (1993). Before dtarting the runs, zeolite bed was rinsed by
pumping deionised water up flow through the column. The service was stopped when no ar bubbles could be seen.
After bed accommodation the column was completed with glass beads and a this time the ion exchange sarted by
pumping the chromium solution adso up flow. The flow rate was adjusted to 9 mL/min as this condition minimizes the
mass transfer resistances for chromium ion exchange (Zola & d. 2001). Samples a the column outlet were taken
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regularly and their concentrations were andyzed by the atomic absorption usng a Varian SpectrAA 10 plus
spectrophotometer. All breskthrough curves were plotted teking into account the chromium concentration in the outlet
samples as afunction of the running time (C/Co versust).

2.3. Estimation of Mass Transfer Parameters.

In fixedbed ion exchange, the concentration in the fluid phase and the solid phase change with time as well as
with postion in the bed. The transfer process is described by the overal volumetric coefficient (Kca) obtained from a
solute mateia balance in the column as proposed in McCabe et d. (1985):

Kca = N.uo (1)
Ht
where N = overdl number of transfer units, Ht = bed length and uo = superficia velocity of fluid.

As shown in McCabe et d. (1985) the overdl number of transfer units may be obtained graphicaly by plotting
CICo versus N(t-1). The parameter t isthe dimensionlesstimeand it can be defined as:

Lo
_ uog @
t=e——~ 7%

r»(1- e)HtW,,
where Hte/uo is the time to displace fluid from externa voids in the bed (normaly negligible), uoCot is the total
solute fed to a unit cross section of bed up to timet and ¢ o[- ) HW,, is the capacity of the bed, or the amount of the

lute exchanged if the entire bed came to equilibrium with the feed, that is equa to the time equivaent to total
stoichiometric capacity of the packed-bed tower (it).

uoch? - Ht
e

The time equivdent to usable capacity of the bed (tu) and the time equivdent to tota stoichiometric capacity of
the packed-bed tower (tt) if the entire bed comes to equilibrium are provided by a mass baance in the column (Barros et
d., 2001a) and are easily determined by:

th ae ¥ .
C
tu= - =t ad te=E- S Ot ®
e Cog & Cog
where t, isthe break-point time at C/Co=0.05.

If the time t is condidered as the time equivalent to usable capacity of the bed (tu) up to th, the parameter t may be
smplified to tu/tt (Barros ¢ d., 2001a). The ratio tu/tt is the fraction of the total bed capacity or length utilized to
the breskpoint (Geankoplis, 1993). Hence, for atota bed length (Ht), the length of unused bed is:

tuo

tuo
Ho =& MO andopH,, . =&l- —2100 4
e =8 2 gi v @

The Hyng represents the masstransfer zone (MTZ). Small vaues of this parameter mean that the breskthrough
curve is cloxe to an ided dep with negligible masstransfer resistance. Then, minimum %Hgns quantities are required in
optimized operational conditions.

Ancther parameter that should be considered for a column evdudtion is the average residence time (t_) of the fluid
in the column. For the principles of probability the average residence time of a fluid dement is given in according to
Hill (1977) asfollows:

t= gdF () ©®

where Ft) is the weight fraction of the effluent with an age less than t, which is equivdent to C/Co for breskthrough
CUrves.

Anindirect measure of how far from the optimum operation condition the column is running is described by:

u

Vaues of paameter R close to zero indicate that the operationd conditions imposed are near the idedl condition,
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that is, the optima region of operation. Therefore, this difference may contribute to choose the best operation conditions
inthe column design (Barros et d., 2001b).

With the average resdence time it is dso possble to evduate the variance of the breskthrough curve (Hill, 1977),
whichisgiven by:

¥ .. 2
s?= azaf—ﬁ) - G
o €

Findly, the dimensionless variance should be cdculate as:

©

The determination of this parameter is useful to estimate the dispersion in the packed bed. Vaues close to zero
mean that the packed bed behaves closeto an idedl plug flow reactor with negligible axid dispersion.

3. Reaultsand Discussion

The priminary stage of the investigation was devoted to the evaluation and comparison of the cations in single
solutions. The respective breskthrough curves are presented in Figure 2.
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Figure2: Breskthrough curvesfor CF*, M ¢*, C&* and K * ions

It can be seen that the breskthrough curve for chromium ions reaches th edier than the other cations. This
phenomenon could be related to the difficulty of this hydrated cation in diffusng through the apertures and accomodate
in the cages. Cddum, magnesum and potassum ions are smdler and possibly the seric hindrance experienced by the
chromium ions are, for these cations, less important. It was dso obsarved in Fizgure 2 dmost pardle concentration
profiles, which could be associated to sSimilar mass transfer resistances, mainly for M¢", Ca” and K™ ions.

From the breakthrough curves showed in Figure 2 and Egns. 1 to 8 it was possble to estimate the mass transfer
parameters, which are presented in Table 1.

Table 1 Masstransfer parameters estimated for sngle cation exchange in NaA

Exchange %Huns  Kca(min®) Retention (MeQuxion/Meda)) R S q2
Qa-NaA 233 15.8 0.255 0.989 0
Mg-NaA 171 22.6 0.486 0.074  0.013
Ca-NaA 171 22.6 0.353 0.133 0.070
K-NaA 16.9 23.3 0.252 0.367 0

In this table it is aso shown the cation retention until the time equivalent to usable capacity of the bed (tu). This
esimation was done through a solute mass balance in the column until tu. It can be seen that the %Hyng Of Mgz+, cet
and K ions are very close and less than the numerica value obtained for chromium, which is in accordance with the
padld seepeness of the breskthrough curves obsarved in Figure 2. Furthermore, in tota agreement with these results,
the overdl mass trander coefficient is lower for Cr-NaA exchange when compared to the other ion exchange curves.
Concerning the removd of the ingoing ion, it is observed digtinct values that reflects the affinity of the zedlite towaids

these cations. The dynamic selectivity, based on the cation uptake untill tu, should be written as K" < cr<cd<
Mcf". This results agree with the equilibrium sdlectivity obtained for batch isotherms till unpublished. These findings
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made us conclude that, athough deding with different systems, that is, a continuous flow or a batch reactor, the
sequences are not changed when there is no competition due to single exchanges. Concerning the ratio R it is observed
that the values obtained for Md*, Ca®* and K' ions are lower than the value observed for dromium, which means that
9mL/min and 0.180mm are adso the optimized conditions for these cations. The vaues of the dimensonless variance
close to zero are in accordance to these findings.

Competitive breakthrough curves for binary solutions Cr-Mg, Cr-Caand Cr-K are shown in Figure 3.
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Figure 3: Competitive breskthrough curves for binary solutions: @ Cr-Mg, b) Cr-Caand ¢) CFK

Concerning Figure 3 one can note that in the three cases sudied the breskthrough curve of the competitive cation
(Md*, c&" and K*) reaches th earlier than the chromium breskthrough, which is different when these results are
compared to the single ion exchange shown in Figure 2. On the other hand, these findings reflect the affinity sequence
obtained for equilibrium sudies through batch isotherms, where crf* ions ae more sdective than each competitive
cation in binary solutions (Baros et d., 2002). Therefore, it is evidenced the importance of the compstition of both
cations to the zeolite dtes. Probably the interaction of both ingoing ions (Heferich, 1962) must be conddered as well.
It is noteworthy that some K/Ko (Fig. 3<) points are higher than 1, which suggests a sequentid ion exchange.
Chromium ions, after the saturation of the available stes, are dle to exchange the competitive ions dready sted in the
zeolite (Arroyo et a., 2000). It is aso interesting to note that the closest curves are exactly CFMg-NaA and Cr-CaNaA
ion exchange. Actudly this zeolite has been applied as a builder in detergents due to its high exchange sdlectivity for
the s0 cdled “hardness ions’ cdcium and magnesum. Probably, when the remova of chromium is conddered, the
presence of these ions will promote a decreese in the zeolite sdectivity towards the trivalert cation, providing a more
competitive exchange than Cr-K systems.

The mass transfer deta related to the breskthrough curves of binary solutions are shown in Table 2. As it could be
expected, the parameters andyzed have very different vaues when compared to single cation exchanges presented in
Table 1. Firgly one can note that approximately 50% of the height of the column is referred as unused bed (%Hung). In
a column design it is not good to have such high percentages because it increases the costs of the operating process. The
obtained vaues dso reflect the importance of the competition towards the zeolite stes in the packed bed. Therefore,
when designing an ion exchange column to remove chromium from an indudrid wastewater one must keep in mind he
competitive behavior. Also concerning Teble 2, the griking festure is that Kca values are higher than the ones obtained
for sngle exchanges, which, a& a first glance, is incompatible with high %Hns. High Kca vaues mean negligible mass
transfer resstances, which should generate a smdl-unused bed height. Possibly this theory is vadid only for single
exchange. In binary exchange the interaction of both in-going ions may promote a less overdl mass trandfer resstance.
According to this point of view high %Hg vaues may reflect the difficulty in the exchange itsdf, dthough high Kca
values indicate the facility in diffusing through the film and into the particle. The competition towards the stes is better
evidenced conddering the smdl amount of chromium and competitive cation retention, much less than the respective
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retention in single breskthrough curves. It interesting to note that the dynamic sdectivity is Cr* » Mg, ca® » Cr'
and Cr® > K*, which is aso in agreement with the selectivity provided by batch isotherms (Cr** >> M, cr* > ca*
and CP* > K* - Barros et d., 2002). Differences in the magnitude order of selectivity may be explained due to distinct
sysems where the experiments were done. While the dynamic runs were taken under continuous flow the isotherms
were condruct in batich systems, providing significant differences in the diffusve festures mainly in the presence of
competitive ingoing cations. The competition in the stes must dso be consdered. Results to be published demonstrate
that chromium and cacium ions prefer to be exchanged in the dtes locaed in the b-cages whereas M§+ and K* are
supposed to be found preferentidly in the a-cages. Therefore, in competitive runs chromium uptake has a higher
inteference in Cr-Ca systems. The ratio R presents very high vadues as a consequence of high discrepancies between
the average resdence time and the required used capacity of the column. The dimensonless variance reflects deviations
from aplug flow reactor and an increese in the axid digpersion.

Table 2: Mass transfer parameters estimated for binary cation exchangein NaA

Retention of Cr

Retention of C

) P *k A
EXChaqge o UNB Kea (mm ) (ma]caior‘/mech) (meq:aionlmeckl) R S a
Cr-Mg-NaA 51.38 29.26 0.100 0.098 1201 0.162
a-Ca-NaA 46.26 3115 0.111 0.115 1.021 0171
O-K-NaA 48.66 30.90 0.149 0.104 1587  0.602
C=M¢,Ca=, K*

™ Related to chromium ions

Considering the ternary solution, the respective bregkthrough curves are shown in Figure 4.
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Figure 4: Competitive bregkthrough curves for ternary solutions: 8 Cr-M gCa, b) Cr-M g-K and ¢) Cr-CaK

Concerning Figure 4 it is possble to note that in the cases andyzed the breskthrough curve of the competitive
caion ae more dmilar to the binay breskthrough curves than to the sngle ones evidencing the pronounced
competition to the sites. Comparing Figures 3 and 4 one can observe that the ternary system reaches tb earlier as more
caions are involved in the exchange. Once again some K/Ko (Fig. 4b and 4c) vaues are higher than 1, indicating the
sequentiadl  exchange in the same way as it happens in the binary breskthrough curves. Probably, K™ is much less
sective and Cazg and Md" ae as sdective as Cr*" ions because no Mg/Mgo or CalCap points greater than 1 is
evidenced.

From the available data provided by the ternary breakthrough curves, it was estimaied the mass transfer
parameters shown in Table 3. One can note that, concerning the %Hy\g vaues, they are dso close to 50%, indicating
that probably the additon of a second competitive ion does not ater significantly the competition towards the NaA sites.
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In agreement with the behavior observed for %Hune and Kca in binay ion exchange the overdl mas transfer
coefficient for ternary exchange has again gproximately the same vaues. Thus, the film and paticle resstances are not
vay different and, when designing a NaA ion exchange column, a binary breskthrough curve is sufficient to estimate
even a tenary ion exchange because chromium is retained in practicdly the same amount. In the abscence of a
competition (as it is shown in Table 1) it can occupy dl available sites and that is why it is much more exchanged. In a
multicomponent (binary or temary) ion exchange, Cr" ions are able to occupy specific sites, after some effort of
loosng pat of the hydration sphere. On the other hand, the retention of the competitive cation is changed a each
breskthrough curve and the removd is dso different if compared to the binary runs. It may be concluded that probably
these cations may compete to the same stes or the interaction of these ingoing ions grongly afects the ion exchange
mechanism. Considering the dynamic sdlectivity provided by the cation uptake one can note that Md* < Cr** < Ccd&”,
Md < K" < Cr*" and K » Ca < Cr**. These sequences do not follow the binary affinity order and are aso different
from the selectivity obtained for batch systems (Barros e d., 2002). Such differences may reflect the digdtinct
diffusvities provided by continuous and batich systems, which may dter the competition mainly towards the stes
located in the b-cages where Cr** and C&”* ions are preferentialy exchanged. Once again the ratio R is far from the
required behavior (R ~ 0) where the average residence time is close to the time equivaent to usable capacity of the bed
dthough no huge differences are seen when it is compared to the ratio obtained for binary runs. It seems that the
presence of a third cation does not dter sgnificantly diffusion properties as dready discussed. The dimensionless
variance does not change as well, following the same tendency of the other parameter andyzed.

Table 3: Masstrandfer parameters estimatedfor ternary cation exchange in NaA

0 P Retentionof Cr  Retentionof C Retention of C~ i 2 wex

Bxchange  HHue  KeAMIM) i Men)  (MeGug/men)  (Meguofmeq) S
Cr-M gCa-NaA 43.82 31.56 0.105 0.088 0.130 0.840 0.113
Cr-M gK-NaA 45.60 31.60 0.136 0.111 0.123 0.926 0.290
Cr-CaK -NaA 58.61 24.58 0.101 0.098 0.097 1.510 0.110

C= related to the first competitive cation (Mg or C&™)
**C= related to the second competitive cation (Ca?* or K *)
""" Related to chromium ions

4. Conclusion

The findings reported herein showed that NaA displays a high sdectivity towards chromium ions dthough the
presence of competitive cations may dter the behavior of single ion exchange. The presence of K™ ions provides a
seguentid ion exchange where cr* ions are adle to exchange the N& ions presented in the zeolite and the competitive
cation dready located in the stes It was dso shown that when designing ion exchange packed beds, the competition of
the other cations presented in the effluent must be considered as they increase significantly some important parameters
such the unused bed length (up to 50%) and the overal mass transfer coefficient. Probably the presence of two or three
competitive cations is aile to decreese the film and paticle resstances due to their own interaction dthough they
compete to the zeolite stes. On the other hand, it is supposed that, in competing conditions, the chromium ions could be
exchanged just in some specific Stes due to geric problems. Furthermore, chromium ion seems to be as sdective as
Ca’", more selective than Mdf* and much more selective than K, in the imposed operating conditions.

5. Acknowlegments
The authors wish to thank PQ CORPORATION for the donation of Advera401.

6. References

Arroyo, PA., Baros, M.A.SD., Queino, M.V., Farera J., |I. A.,, SousaAguiar, E.F., 2000, “Troca Multicomponente
Dinamicaem Sistemas Zedliticos’, Revista Tecnoldgica, Ed. Especid, pp. 31-38.

Baros, M.A.SD., 1996, “Remocip de Cr® de Efluentes Industriais e Sintéticos por Acio de Clinoptilolita de
Ocorréncia Naturd”, dissertacdo de mestrado, PEQ/DEQ/UEM, Maringa-PR-Brasil, 92p .

Baros, M.A.SD., Arroyo, PA., SousaAguiar, EF., Gacia PA. 200la “Problemas Ambientas com Solugdes
Cataliticas. I. O cromo no processamento de peles’, Ed. CY TED, Madri-Espanha, 10p.

Barros, M.AA.SD., Arajjo J., |I. F, Arroyo, PA., SousaAguiar, EF., Tavares, C.R.G., 2001b, “Estimation of Mass
Transport Parameters for Fixedbed NaY”, Il Congresso de Engenharia de Processos do Mercosul, Anais. v.lI,
SantaFé —Argenting, pp. 1111-1116.

Barros, M.AA.SD. B., Arroyo, P. A., Tavares, C. R. G., SousaAguiar, E. F., 2002, “Multicomponent lon Exchange
Iothermsin NaA Zeolite”, ENCIT 2002 Caxambu-M G-Brazil, paper CITO2 0674.

Barri, SA.l., Rees L.V.C, 1980, “Binary and Ternary Cation Exchange in Zedlites’, J. of Chromatography, 201, pp.
21-34.



Proceadings of the ENCIT 2002, Caxambu - MG, Brazil - Pgper CIT02-0673

Bis%kup, B., Subotic, B., 1998, “Removd of Heavy Metd lons from Solutions by Means of Zeolites. .l.
Thermodynamics of the Exchange Processes between Cadmium lons from Solution and Sodium lons from Zeolite
A“, Sep. Sci. and Technal., Val. 33, n. 4, pp. 449-466.

Breck, D. W., 1974, “ Zeolite Molecular Sieves’, Robert E. Krieger Publishing Company, Malabar-FL- USA.

Fabiani, C., Ruscio, F., Spadoni, M., Pizzichini, M., 1996, “Chromium (Ill) Sdts Recovery Process from Tannery
Wastewaters’, Desalination, 108, pp. 183-191.

Franklin, K.R., Townsend, R., 1985, “Multicomponrent lon Exchange in Zedlites’, J Chem. Soc. Faraday Trans. I., 81,
1071-1086.

Geankoplis, C.J., 1993, “Transport Processes and Unit Operations’, 3¢ ed., PTR Prentice Hall, USA.

Giannetto, G., Montes, A. Rodriguez G., (Eds), 2000, “Zeolitas Caracteridticas, Propiedades y Aplicaciones
Industrides’, Ed. Innovacion Tecnolégica- Facultad de Ingenieria— UCV, Caracas—Venezuela, p.45.

Hdferich, F., 1962, “lon Exchange’, McGraw -Hill, EUA.

Hill, C.G., 1977, “An Introduction to Chemical Engineering Kinetics and Reactor Design”, John Wiley & Sons, USA.

McCabe, XFYL Smith, JC., Harriot, P., 1985, “Unit Operations of Chemicd Engineering”, McGraw-Hill Internationa
Ed., 4" ed.

Nightingde J., ER. 1959, “Phenomenologicd Theory of lon Solvatiion Effective Ralii of Hydrated lons’, J Phys.
Chem., 63, pp. 1381-1387.

Zola, A.S, Baros, M.AASD., Arroyo, PA., Tavares, C.R., 2001, “Estimacdo de Parémetros Difusionais na Troca
I6nica de Cromo em ZedlitaNaA”, In: 4° COBEQ-IC, p. 195, Maringa-PR.



