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ABSTRACT: In this work, the binary ion exchange of Zn>*—Na* ions has been studied by a column technique using a NaY zeolite
as the cation exchanger. The experimental data (breakthrough curves) for the binary system were obtained at total concentrations of
(1,2,and 3) meq-L ™ ". The mass action law was used to represent the ion exchange equilibrium. To represent the ion exchange in
the column, two models were used. In the first model, the rate-controlling step of mass transfer was considered only in the solid
phase. The experimental results were represented by a Linear Driving Force (LDF) model. In the second model, resistance to mass
transfer in series in the solid phase and the external liquid film was considered. Both models described ion exchange in the fixed-bed
column properly. However, in the initial part of the breakthrough curve, the dual resistance model fit better.

B INTRODUCTION

Zinc is the third nonferrous metal most consumed after
copper and aluminum. Its use is wide due to its properties that
include high resistance to corrosion and excellent quality and ver-
satility of its alloys.

Wastewater containing zinc may be treated through different
processes. Recovery of Zn(II) can be done by a precipitation pro-
cess,’ but some zinc concentrations are still detectable in the fluid
phase after this operation. Therefore, a complementary treat-
ment is needed. Ion exchange is one of such treatments. How-
ever, Na is also present in most wastewaters and may influence
the removal of zinc due to changes in the diffusion process to-
ward the ion exchange sites.

Zeolites are proven ion-exchanging materials, where the indi-
genous (typically sodium) charge balancing cations can be easily
exchanged with cations in solution.” Zeolites have been already
successfully applied in the single removal of heavy metals such as
Cr*", Fe*", Co*", and Zn* .37

Ion-exchange equilibrium in zeolites is a function of the solid-
and aqueous-phase composition. As these parameters can vary
substantially for the chemical system of interest, it is essential to
have models that allow accurate description of the experimental
data.” One of the most accurate models is the mass action law. It
treats ion exchange as a reversible reaction where the valences of
the counterions are the stoichiometric coefficients.® Like any che-
mical reaction, the equilibrium constant can be written based on
the stoichiometry and provides a measure of the relative selecti-
vity of a sorbent for two exchanging ions.” In the mass action law
model, the activity coefficients for the electrolytes in the solution
phase and in the solid phase must be known. These coefficients
can be estimated using the Bromley'® and Wilson'' methods.

Besides equilibrium behavior, phenomenological models in
packed beds should be also applied to estimate the dynamic
behavior of ion exchange. Previous work has already investigated
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Table 1. Characterization of the Zeolite NaY

zeolite % SiO, % Al,O4 % Na,O Si/Al % dry mass

NaY 66.4 19.9 12.6 2.83 81.9

zinc removal in a NaY column using adsorption models.® Now,
this work aims to improve the understanding of zinc removal in a
zeolite NaY packed bed. Therefore, the mass action law was used
to estimate the equilibrium data and was applied for the dynamic
ion exchange by considering two models. In the first model the
rate-controlling step of mass transfer was considered only in the
solid phase, and this was represented by a Linear Driving Force
(LDF) model. In the second model, resistance to mass transfer in
series in the solid phase and the external liquid film formed aro-
und the exchanging ion particles was considered.

B EXPERIMENTAL SECTION

Zeolite. All experiments were carried out with a NaY powder
without binder, which has the unit cell composition Nag,-
(AlO,)s1(Si02) 111 (122 % crystalline) based on XRD and
XREF results. The cation exchange capacity (CEC) was calculated
to be 3.9 meq-g " according to the aluminum content.'* To
ensure the complete exchange of any different balancing cation
for sodium ions, the parent zeolite, as received, was contacted
with 1 mol-L™" NaCl at 60 °C and a zeolite-solution ratio of
1:10. Then, the sample was washed with hot deionized water and
oven-dried at 100 °C. This procedure was repeated four times."?
The percentage of dry mass was obtained by calcination of the
sample at 815 °C. Table 1 shows the results of the zeolite
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Figure 1. Flow diagram for dynamic ion-exchange studies.

characterization. The NaY samples were pelletized, screened, and
collected in an average diameter size of 0.18 mm as previously
recommended as the optimal particle size for this fixed-bed
system.12

Reagent and Solution. Reagent-grade ZnCl, and NaCl were
mixed with deionized water to prepare the synthetic solutions for
the dynamic runs. The experimental breakthrough data were
obtained at different total feed concentrations of (1, 2, and 3)
meq-L~" (Zn**—Na") and in the following equivalent fractions
of zinc: 0.10, 0.30, 0.50, 0.70, and 0.90. All pH values for the feed
solutions were corrected to 4.5 using 1 M NaOH or 1 M HCl
solutions when necessary. The sodium and zinc concentrations
in the fluid phase were determined by atomic absorption spectro-
photometry using a Varian spectrophotometer. The standards
employed were prepared from stock solutions.

lon-Exchange Unit. The ion-exchange unit where the dy-
namic experiments were performed is shown in Figure 1. The
ion-exchange column consisted of a clear glass tube with 0.9 cm
ID and 30 cm long, with the zeolite pellets supported by glass
beads. The column was connected to heat exchange equipment
that maintained the system at 30 °C. Before starting the runs, the
zeolite bed was rinsed by pumping deionized water up flow
through the column. The procedure was stopped when air bub-
bles could no longer be seen. After the bed placement at a bed
height of 3.0 cm, which is equivalent to 0.8 g of zeolite pellets,
the column was completed with glass beads. At this time, the ion
exchange had started by pumping the solution up flow. Samples
at the column outlet were collected regularly up to the bed
saturation, and their zinc concentration was analyzed. The sodi-
um content in the outlet samples was obtained through a mass
balance in the column. The operating conditions and properties
of the bed used in obtaining the breakthrough curves are shown
in Table 2.

All breakthrough curves were plotted taking into account the
cation concentration in the outlet samples as a function of the
running time.

The amount of zinc retained along the column by the zeolite
NaY was calculated from the following equation'*

. CQ
120 = 1000-m

CZH|Z:L/C%n)dt (1)

where g%, is the equlhbrlum concentration of Zn(I1l) (meq-
g ); Qis the volumetric flow rate of the solution (mL+min ™ ');
Cznlo=r is the Zn(II) ion concentration at the column outlet
(meq-L™"); C,, is the feed concentration of Zn(II) ions at the
column inlet (meq-L™"); m is the dry mass of zeolite (g); L is
length of the bed (cm); t is time (min); and z (cm) is the length

coordinate.

Table 2. Operating Conditions and Bed Properties (pH = 4.5
and T = 30 °C)

Q C
(mL-min" ") (meq-L7") Xzn oL €
0.13
8.00 3.00 0.52 419.40 0.25
0.76
0.93

B MATHEMATICAL MODELING

Modeling lon Exchange Equilibria. The ion exchange reac-
tion is a stoichiometric process, in that an ion in the solid phase is
replaced for an equivalent ion from the solution. Therefore, the
reversible reaction for the binary system Zn>"—Na' can be
represented by the following equation

an2+ + 2Nag T ZnR+2 + 2Nag™" (2)

where the indexes R and S indicate the solid and the solution
phases, respectively.

The thermodynamic equilibrium constant (K3 for the ion
exchange reaction between the species Zn”" and Na® is defined

by eq3
2
IRz, S
g = (2 ) (22 )
s, ARy,
where ag and ag are the activities of ionic species in the zeolite
and solution phases, respectively.
The thermodynamic equilibrium constant, defined in eq 3, can

be expressed in terms of the ion activity involved in the exchange.
Then, eq 3 becomes

2
Czn?s,, INaY Ry,

where y; is the ionic fraction of species j in the zeolite phase; C; is

the equivalent concentration of species j in the solution phase;

and ys and Yy are the activity coefficients of j in the zeolite and

solution phases, respectively.

When considering the nonideal behavior in both phases it is
necessary to estimate the activity coeflicients of both species in
solution and solid phases.

Activity Coefficient in the Solution Phase. The model pro-
posed by Bromley' is efficient in calculating the activity coeffi-
cient of stron§ electrolytes in solutions with ionic strength up to 6
mol-kg™

The Bromley method considers the effect of all species
(cations + anions) in the solutlon The expression for calculating
the activity coefficient is"°

e
nVS, - 1+\/‘

where A is the Debye—Huckel constant. This parameter depends
on temperature and is given by Zemaitis et al.'® The parameter I
represents the ionic force for aqueous solutions, and it can be
calculated using the following equation

| 5
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where 7 is the number of ionic species in solution and M; is the
molal concentration of species j in the solution.

The term F; is the interaction parameter sum and can be
obtained by the following equation:

F}- = Z B;iZjiZCi (7)

where
Zi +Z}'
ji - 2

(8)

o _(006 + 06B],)|Z,Z}|

ji ;- B
1.5
1+
( m)

Bj; is the Bromley parameter of the electrolyte formed from the
catlon j and anion i. These values are presented elsewhere.'
Activity Coefficient in the Exchange Phase. Several resear-
chers'”™** have successfully used the Wilson'' model to calcu-
late the activity coefficients of ionic species in the solid phase.
The Wilson model for the estimation of the activity coeflicient
of species i in the solid phase is given by

)

h
A
o li|

Inyg =1—In

h
(Z}’inj)

where y; is the fraction of ionic species i in the solid phase; & is the
number of species present in the solid phase; and A is the
interaction parameter of the Wilson model. The parameters of
the Wilson model are set so that A;; = 1 when i = j and A; >
when i # j. If the solid phase dlsplays ideal behavior, we assrgn
Aj=1=Ajforanyiandj j.'® For a binary system, only two para-
meters are needed to calculate the activity coeflicients in the solid
phase.

Parameter Identification Method. Besides the activity coeffi-
cients provided by the Wilson model, the thermodynamic equi-
librium constant is required to estimate the ion exchange iso-
therm of the Zn*" —Na™ system from the mass action law.

This parameter can be estimated by a nonlinear identification
procedure and the experimental data obtained from mass balance
in the packed bed. The values of the parameters (KzuNa Azana
Aniazn) were obtained during the search of a minimum for the
following objective function

Fopy = ZZ exp mOd )] (11)

i=l =1

where M is the number of the equilibrium data sets and / is the
number of ionic species in zeolite. In the search procedure, the
optimization method of Nelder and Mead,*® coded in Fortran,
was used.

Dynamic Modeling of lon Exchange in a Fixed-Bed Col-
umn. Mathematical modeling has a key role in the scale up of
any procedure from laboratory experiments through a pilot plant
to industrial scale. Adequate models can help to analyze and
explain experimental data, to identify the relevant mechanisms
of the process, to predict changes due to different operatlng
conditions, and to optimize the overall process productivity.'*

In the mathematrcal model development of the ion exchange
between Zn>" and Na™ ions in the fixed bed column, some
assumptions were made:

e The hydrodynamics of the fixed bed column was described

using the diffusion model in a nonstationary state.

e Two types of resistance to mass transfer in the process of ion
exchange were considered. At first, it was considered that the
ion exchange process is intraparticle diffusion controlled.
Then, intraparticle and film resistances were considered.

e The LDF model was used to describe the concentration
profiles of particles.

o The mass action law was used to represent the equilibrium
in the solid/liquid interface.

e The process occurs in isothermal and isobaric conditions.

e Physical properties of the ion exchanger and the liquid phase
are constant.

e Radial dispersion in the fixed-bed column is negligible.

These considerations were accomplished to mass balance ions
in the liquid and solid phases to obtain the model. The equations
that describe the mathematical model of the ion exchange
column in the bed are given below.

The mass balance for the components Zn>* and Na™, in an
element of volume in the fixed-bed column, is represented by the
following equation

aC; oC; 1 dg; D 0*C;

T, z erLs ot Loz =0 (12)
in which Cl- is the concentration of species i in the liquid phase
(meq-L™"); g;is the concentration of species i in the zeolite; py. is
the bed density (g -L™"); u, is the interstitial velocity of the liquid
phase (cm+min '); DL is the axial dispersion mass transfer
coefficient (cm”-min~'); € is the total voidage; ¢ is the time
(min); and z (cm) is the space coordinate.

Equations 13 and 14 representing the mass transfer of the
external liquid film for the Zn>" and Na™ ions are, respectively

9qzn Kan

*

Czn — C 13
ot pL ( Zi Zn) ( )
ana _ _ann (14)

ot ot

where Kg; is liquid film external mass transfer coeficient (min ")
and C, is the concentration of species Zn>" in the liquid phase
at equilibrium (meq-L™").

Equations 15 and 16 represent the mass transfer inside the
particle of the ion exchanger

ann

=Kszo (g0 — qzn 15

o SZ (an zn) (15)
ana _ _ann (16)
ot ot

where K; is mass transfer coefﬁaent in zeolite (min ') and Qonis
the concentration of species Zn>" in the zeolite at equilibrium

(meq g )

The initial average concentration of ions Zn>" and Na* in the
liquid phase are presented, respectively, in

Cza(2,0) =0 (17)

Cra(20) =0 (18)
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Figure 2. Ion exchange process steps.

The initial concentration of ions Zn>* and Na* in the solid
phase are presented, respectively, in

qza(2,0) =0 (19)
qna(z,0) =CEC (20)

where CEC is the cation exchange capacity of the ion in the NaY
zeolite.

The boundary conditions used for ion concentration of Zn*"
and Na™ were as follows”’

aC;
DLa_ :uo(Cl-(t,O) - CiO) z=0 (21)
Iz
aC;
=0 z=1 (22)
0z

where Co is the feed concentration of species i in the liquid phase
(meq-L7 ).

Equations 12, 21, and 22 are valid for both ionic species.

The relationship between g} and C} is represented by the mass
action law. The mathematical expression of the mass action law
for the Zn>"—Na™ system is given by eq 4.

In the mathematical modeling of the ion exchange process in
the fixed-bed column, it was assumed that the particles of the
exchanger ions are spherical in shape and consist of micropores
only. Thus, the mass transfer mechanism in the process of ion
exchange is: (i) diffusion of ions from the bulk phase through the
liquid film; (ii) diffusion of ions into the micropores of the ion
exchanger; (iii) ion exchange reaction. These steps are illustrated
in Figure 2.

In this work, the intraparticle resistance model and the film
and intraparticle model are considered representatives of the ion
exchange process. In the first model, intraparticle resistance is the
rate-controlling step, and C; = C}. It applies to eqs 4, 12, and 15
to 22. In the second model, the film and intraparticle resistances
are the controlling steps, and eqs 4 and 12 to 22 are used. In both
cases, the rate of the exchange reaction was assumed to be rapid,
and its resistance was neglected.

The mathematical models were solved using the finite volume
technique. The differential partial equations were discretized
with respect to the spatial coordinate z, resulting in an ordinary
differential equation set with relation to time. The system of
ordinary differential equations, together with their control and
initial conditions, was solved using the subroutine DASSL developed
by Petzold”® and coded in Fortran.

In the mathematical models tested, three groups of parameters
can be distinguished. Those that are determined experimentally
(p1, € up) belong to the first group. The second group includes
the parameters (Kg;, Dy ) calculated from empirical correlations.

Table 3. Thermodynamic Equilibrium Constant, Wilson
Binary Interaction Parameters, and Objective Function

(FOBJ)

N
system Kz Azn—Na ANa—7n Fopy

Zn*"—Na" 1.6550 7.2344 0.1416 0.0294

The third group includes the parameters Az, N, Azn—No K?
and Kg; obtained through a nonlinear procedure to identify the
experimental data a using statistical method of least-squares. Kg;
was obtained using the breakthrough e)I(\}I)erimental data, while
the parameters Az, No, Aza—Na and Kz were obtained using
experimental equilibrium data.

The axial dispersion coeficient was estimated using the following

correlation®
Dy, 20( D,, 1
— = — |+ = 23
uodp & (uodp> 2 ( )

where D, is the molecular diffusion of species in water and d,, is
the zeolite average particle diameter.

The overall mass transfer coeflicient in the liquid outside the
film (Kg;) was calculated from the correlation proposed by
Wilson and Geankoplis*

1.09 _
Jo = (Re) 43 (24)
where
k
Jo ==L (8¢ (29)
Uo
KF,' :aekﬁ (26)
6(1 —
ae _1~e) (27)
dy

Jp stands for the Chilton—Colburn factor. Re and Sc are the
Reynolds number and the Schmidt number, respectively. k; is the
mass transfer coefficient in liquid film; KF; is the volumetric mass
transfer coefficient in the liquid film; and a, is the particle specific
area.

Parameter Identification Method. The parameter model was
estimated by the nonlinear identification procedure using the
experimental data and least-squares statistical method to form
the objective function (criterion). The parameter model value
(Ks;) was obtained during the search of minima of the following
objective function

ng n,
FOB] :Z Z (CZ‘XP _ C;’Jl"lod)Z (28)

=1 =l

where ng4 is the number of experimental data of the breakthrough
curves; . is the number of components; CEXP is the concentra-
tion of component i in the outlet of the column experimentally
obtained; and C;"’d is the concentration of component i in the
outlet of the column calculated by the mathematical model.

In the search procedure, the optimization method of Nelder
and Mead”® coded in Fortran was used.

Mathematical models with different rate-controlling steps
were adjusted to breakthrough curves of the total feed concen-
tration of 3 meq-L ™.

dx.doi.org/10.1021/je100568n |J. Chem. Eng. Data 2011, 56, 375-382
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Table 4. Experimental and Calculated Zn>" Uptake Capacity

Gbn (meq-g ') Gon (meq-g ')

Xzn experimental data model deviation (%)

0.13 2.23 2.28 2.02

0.52 2.67 2.52 4.36

0.76 2.77 2.71 2.11

0.93 2.90 2.83 2.37
Table 5. Evaluated Parameter Values of the Model

Kg; (min~ ") Ks; (min~ ")

X7n intraparticle resistance film and intraparticle resistance

0.13 0.008 0.009

0.52 0.025 0.028

0.76 0.070 0.075

0.93 0.090 0.100

B RESULTS AND DISCUSSION

lon Exchange Equilibria. The numerical values of parame-
ters used in the Bromley model were A = 0.5162, Bz,,c1, = 0.0364,
and By,cp = 0.0574 at 25 °C. The parameter values are tabulated
and presented by Bromley.'?

The Wilson model, described in the section Activity Coeffi-
cient in the Exchange Phase, was used to calculate the activity
coefficients of cations in the solid phase. Table 3 shows the
calculated values.

In Figures 3a to 3c results of the ion exchange equilibrium
obtained experimentally and simulated by the mass action law are
shown. It is possible to observe that the zeolite prefers Zn>"
instead of Na ", as already expected as divalent ions are preferably
attracted to the negative zeolitic sites.”

The medium absolute error (eq 29) has been used to evaluate
the equilibrium data efficiency.

1

a5

€Xp __mod
Yi 7Y

ADD -100 (29)

exp
JYj

where y;** is the ionic fraction of species j obtained experimentally
and y}md is the ionic fraction of species j calculated by the
model.

The absolute average errors calculated were 3.82 % for Zn>"
and 20.3 % for Na™. In spite of such large deviations, these values
show that the mass action law represented adequately the
experimental equilibrium data. Such a result was expected since
the main mechanism of cation retention in zeolitic sites seems to
be the ion exchange process, which is successfully described by
the stoichiometric reaction and the mass action law.”

As already detailed, the feed concentration of 3 meq-L™ " was
chosen to fit the dynamic model of mass transfer resistances. It is
noteworthy that when the feed concentration was composed by
93 % of zinc ions and 7 % of sodium ions a zinc uptake of 2.93
meq-g ' was observed, while in a single feed concentration of 3
meq-L ™" of zinc ions, 2.5 meq-+g~ ' was the zinc uptake.® Then,
it seems that sodium ions have promoted the zinc removal. An
uptake of 2.5 meq-g ' represents 64 % of the zeolite CEC. When
the large cavities are occupied, this value reaches 69 % in Y
zeolites.” Therefore, sodium ions may promote the diffusion of

dx.doi.org/10.1021/je100568n |J. Chem. Eng. Data 2011, 56, 375-382
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Figure 4. Experimental and calculated breakthrough curve for the ion exchange Zn*T—Nat. @, experimental Zn®T; l, experimental Na'; —, double
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meq L™, Xz, = 0.76, Xn, = 0.24; (d) C; =3 meq-L™ ', Xz, = 0.93, Xn, = 0.07.

zinc ions to less accessible sites. Still unpublished results show
that this favorable behavior also happens with chromium ions.
Probably sodium ions can facilitate the dehydration process of
the higher charged ions. Then, such water molecules may diffuse
easier to the bulk solution.

Dynamics of the Fixed-Bed Column. In Table 4, the
quantity values of Zn*" ions retained in the zeolite NaY through
a mass balance (eq 1) and calculated by the mass action law are
shown. In accordance to the observed deviations in Table S, the
mass action law is an efficient model to describe the equilibrium
at the solid/liquid interface.

Several studies'®'?****5 have shown that the mass action law
is efficient to represent equilibrium in ion exchange for different
systems. However, the mass action law was used in some studies
to represent the equilibrium in the dynamics of the fixed-bed
column only.”*"** Nevertheless, these works considered an ideal
behavior that means that all sites are available to the exchanging
process. At the end of the process, a monolayer of the in-going
ions is formed. In other words, the theoretical cation exchange
capacity is used totally. When zeolites are considered such a

model is not applicable due to its microporosity and steric
problems faced by the in-going ion. Particularly Y zeolites have
hexagonal prisms that are almost inaccessible to a great range of
cations. Only small ions such as Ag™ (crystal radius of 1.26 A and
hydrated radius of 3.41 A**) are able to diffuse and to be exchan-
ged in sites located in such cavities.”*

In both dynamic models used in this study, that is, intraparticle
diffusion as the rate-controlling step and film and intraparticle
diffusions as the rate-controlling steps, the mass transfer coefhi-
cient in the solid phase (Kg;) was obtained as described in
the section Dynamic Modeling of Ion Exhange in a Fixed-Bed
Column. Table S shows the values of these parameters.

Considering the values presented in Table S, an almost linear
relationship may be observed between the intraparticle mass
transfer coeflicient and zinc concentration in the feed solution.
Such behavior was already seen®** and probably is related to the
driving force of the exchanging process, that is, the difference in
the zinc amount in the fluid phase and in the equilibrium condi-
tion. The higher the concentration gradient, the faster the mass
transfer process is.

dx.doi.org/10.1021/je100568n |J. Chem. Eng. Data 2011, 56, 375-382
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In the mathematical model that considered the diffusion
intraparticle addition, the diffusion through the external liquid
film, the coeflicient of mass transfer in the external liquid film was
calculated by eqs 22 to 25. The value obtained was 280 min™ . If
such a value is compared to the intraparticle mass transfer co-
efficient, it may be concluded that the overall rate-controlling
step is the intraparticle diffusion as 1/Kg < 1/Ks. Quantitative
values will be discussed later. In some way, such a conclusion was
already expected since zeolite Y is a molecular sieve. Diffusion to
supercages is relatively easy as hydrated ions can be well acco-
mmodated. On the other hand, sodalite cavities and mainly hexa-
gonal prisms add a gradual difficulty in the diffusion and subse-
quent exchange process as the in-going ions need to dehydrate
and some dehydration energy should be supplied by the system.

The axial dispersion coeflicient for both models was estimated
as 0.48 cm”-min~ ' through eq 21. The molecular diffusivity used
in the calculations of the coefficient of mass transfer in the external
film and the axial dispersion coefficient was 4.2 x 10~ * cm*+min ™~ "%

In Figures 4a to 4d are presented the experimental and simu-
lated breakthrough data. Both models represented the experi-
mental data of breakthrough curves adequately; however, the
model of dual resistance obtained the best description of the
process in the early part of the curves. This shows that in the
initial stage of ion exchange the diffusion in the external liquid
film is the rate-controlling step. In the beginning of the ion
exchange process there is a low amount of ions already exchan-
ged. Therefore, even for a microporous system such as zeolite,
the internal resistance seems to be negligible because most
external ion exchange sites are still available. On the other hand,
as ion exchange proceeds after the breakpoint and the bed starts
to saturate, the cavities are more and more crowded. Then,
intraparticle diffusion plays an important role and cannot be
neglected.

It must be emphazised that the breakthrough data were
obtained with the optimal flow rate of 8 mL+min ™ .° This means
that all diffusional resistances are minimized. Again, as the
exchanger is predominantly microporous, intraparticle resistance
always exists. Then, it may be supposed that film resistance is
minimized in the optimal operating conditions. If so, when the
fixed-bed system is operated far from such conditions, a higher
influence of film resistance in the whole breakthrough curve is
expected.

It is outstanding that the same influence of resistance to mass
transfer of the external liquid film in adsorption processes has
been reported.>” >* Then, it may happen in the ion exchange
process as well.

Although in zinc uptake in NaY zeolite columns the initial
stage seems to be controlled by film diffusion, the overall process
of mass transfer is controlled by intraparticle diffusion.”” > In
this work, this has been seen through the fact that the resistance is
inversely proportional to the coefficient of mass transfer. Thus, to
1/Kg; (1/280) and 1/Kg; (see Table 5) for any fraction of Zn*"
ions in feed concentration, we see that 1/Kg; < 1/Kg;. Thus, in the
mathematical modeling of the dynamics of ion exchange between
the Zn>" and Na™ ions in the fixed-bed column using zeolite
NaY, both the ion diffusion in the external film and the ion
diffusion in the solid phase should be considered.

B CONCLUSIONS

This study investigated the ion exchange process between the
cations Zn*>" and Na " in a fixed-bed column packed with zeolite

NaY. The ion exchange mechanism was investigated through
adjustment of experimental data to equilibrium and dynamic
models. The models considered the effects of ion exchange
equilibrium by the mass action law and the effects of mass
transfer due to axial dispersion and external film resistance and
intraparticle diffusion. The main conclusions to this study are:

- The equilibrium model (mass action law) adequately re-
presented the experimental data of the equilibrium ion
exchange.

- The initial stage of mass transfer in the dynamic ion
exchange process is controlled by film resistance;.

- The overall process of mass transfer is intraparticle resis-
tance, probably due to the operational conditions that
allowed minimum film resistance.

- The zeolite NaY showed efficiency for the removal of the
Zn>" ion and can be used in the removal of Zn*" in industrial
effluents containing such metal.
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