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Abstract

The sorptive removal of zinc and cadmium ions from aqueous solutions using synthetic zeolite A was investigated. Experiments were carried
out as a function of solute concentration and temperature (298—-333 K). Several kinetic models were used to test the experimental rate data anc
to examine the controlling mechanism of the sorption process. Various parameters such as effective diffusion coefficient, activation energy
and entropy of activation were evaluated. Equilibrium sorption data were analyzed using Langmuir, Freundlich and Dubinin—Radushkevich
(D-R) isotherm models. Of the model tested, both Freundlich and D-R isotherm expressions were found to give better fit to the experimental
equilibrium data compared to Langmuir model. The mean free energy is in all cases in the range corresponding to the ion exchange type of
sorption. The results indicated that synthetic zeolite A can be used as an efficient ion exchange material for the removal of zinc and cadmium
ions from industrial and radioactive wastewaters.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and cadmium and it was of interest to investigate an efficient
removal technique for these ions from produced waste.

The presence of heavy metals in the aquatic ecosystem Various treatment technologies have been developed for
has been of increasing concern because of their toxicthe purification of water and wastewater contaminated by
properties and other adverse effects on natural waters qualityheavy metals. The most commonly used methods for the
[1]. Elevated environmental levels of zinc and cadmium removal of metal ions from industrial effluents include:
ions come from a variety of sources. Cadmium finds its chemical precipitation, solvent extraction, reverse osmosis,
way to water bodies through wastewater from metal plating ultrafiltration, adsorption and ion exchar{§g Heavy metals
industries, cadmium-—nickel batteries, phosphate fertilizer, ion exchange is certainly an attractive option because of the
mining, pigments, stabilizers and alloj2]. On the other basic simplicity of the application. Synthetic aluminosilicate
hand, waste containing zinc and its compounds arise fromzeolites act as efficient porous exchange media and its cation
many industrial processes, such as acrylic fiber, rayon, exchange is widely used in nuclear industry, agriculture,
cellophane, and special synthetic rubf&r Moreover, the laundry detergent industry, and environmental protection
national cyclotron at Inshas site produ®&a and!lin [6-13] The potential applications of zeolites and other
isotopes from irradiation of metallic zinc and cadmium selective ion exchangers have been well documented by Dyer
by accelerated protongl]. The waste arising during the [14]. The objective of this study is to investigate the applica-
production process contains considerable amounts of zinchility of synthetic zeolite A as an adsorbent material for the

removal of zinc and cadmium ions from aqueous solutions
* Corresponding author. Tel.: +20 2 774 6063; fax: +20 2 462 0796. and to examine the kinetics of sorption and other parameters
E-mail address: kamash20@yahoo.com (A.M. El-Kamash). involved.
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2. Experimental model VGP 210). Temperature was adjusted over the range
298-333 K.
2.1. Chemicals and reagents
2.4. Sorption isotherms
All chemicals and reagents used were of AR grade.
Silica (Aerosil 200, Degussa), sodium aluminate (Riedel-De  Batch sorption studies of zinc and cadmium ions were
Haen AG), and sodium hydroxide (Merck) were used as performed at different temperatures (298, 313 and 333K)
silicon, aluminium and sodium sources in zeolite A synthesis to obtain the equilibrium isotherms. For isotherm studies,
mixture, respectively. Both of zinc chloride and cadmium a series of 50 ml test tubes were employed. Each test tube

chloride were BDH products. was filled with 25 ml of each metal ion solution of varying
concentrations (100-2000 mg/l) and a known amount of
2.2. Zeolite A preparation and characterization prepared zeolite A (25mg) was added into each test tube

and agitated for a sufficiently long time-8 h) required to

Zeolite A was synthesized in its sodium form from mix- reach equilibrium. The amount of metal ion retained in the
ture consisting of sodium aluminosilicate substrate contacted zeolite phasege (mmol/g), was calculated using:
with sodium hydroxide. In 1L polypropylene bottle sup- (Co— COV
plied with a magnetic stirrer, 7.88 g Si@Qnd 104.63 g Lo o = Ao~ el (1)
was mixed. Then, 10.5g NaOH was added and exactly m
22.8 g NaAIQ was also added drop wise for about 2h. The whereCp and Ce are the initial and equilibrium concentra-
resultant product was aged over night at 353K for com- tions (mmol/l) of metal ion in solutionV is the volume (l)
pletion of the reaction. The inorganic amorphous product andm the weight (g) of the adsorbent.
was collected on Buchner funnel, washed with 3L of dis-
tilled water for removal of unreacted species and partially
dried. 3. Results and discussion

The crystallinity, morphology as well as chemical
composition of the prepared material were measured 3.]1. Kinetic studies
using X-ray diffraction (XRD), X-ray fluorescence (XRF),
differential thermal analysis (DTA), thermal gravimetric Preliminary investigations on the rate of uptake of both
analysis (TGA), and scanning microscope. The results havezinc and cadmium ions onto prepared zeolite A indicated
been presented elsewhdfé]. Based on these results, the that the processes are quite rapid and typically 60-70% of the
oxide chemical composition of the synthetic zeolite A can be ultimate sorption of each ion occurs within the first 20 min of
expressed via the formula: p@-Al,03-1.85SiQ-5.1H,0. contact. The initial rapid sorption subsequently gives way to
The theoretical cation exchange capacity (CEC) of synthetic a slow approach to equilibrium, and saturation is reached in
zeolite A in N& form equals 5.45 meq/g as calculated from about 45 min. The amounts of both zinc and cadmium ions
the chemical formula. The quantitative elemental analysis sorbed after each interval time, for a fixed concentration of
indicated that the Si/Al ratio was about 0.82, which is in the 500 mg/l and at different studied temperatures, are plotted in
characteristic range of zeolite [A3]. The BET surface area  Fig. 1 The data showed that the amount ofZ@and Cd*
of the solid powder, measured after the thermal treatmentsorbed at equilibrium increase with increase in temperature

for 2h at 473K, was 634.52%y. indicating an endothermic nature of the process and the time
required to reach saturation remained practically unaffected.
2.3. Kinetic measurements It is well recognized that the characteristic of sorbent sur-

face is a critical factor that affects the sorption rate parameters

Kinetic studies were investigated by taking 100 mg of syn- and that diffusion resistance plays an important role in the
thetic zeolite A in 100 ml of aqueous solution containing over all transport of the solute. To describe the changes in
known concentration of metal ion (500 mg/l for each metal the sorption of studied ions with time, several kinetic models
ion). The solution in the beaker was kept stirred in a ther- were tested. The rate constant of each metal ion removal from
mostat shaker adjusted at the desired temperature. A fixedthe solution by zeolite A was determined using pseudo-first-
volume (2 ml) of the aliquot was withdrawn as a function of order and pseudo-second-order rate models. The Lagergren
time while the solution was being continuously stirred. Thus, first-order rate expressidt6] is written as:
the ratio of the volume of solution to the weight of adsorbent
in the beaker does not change from the original ratio. The log(ge — ¢,) = l0gge — ——~—t 2)
withdrawn solution was centrifuged to separate the adsorbent 2.303
and a fixed volume (1 ml) of the clear solution was pipetted wherege andg; are the amounts of metal ion sorbed onto
out for the determination of the amount of unsorbed metalion zeolite A at equilibrium and at timg(mmol/g), respectively,
still present in solution. The measurements were carried outandk; is the rate constant of first-order adsorption (min
using atomic absorption spectrophotometer (Buck scientific The slopes and intercept of the linear plots of lgg- ¢;)
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Fig. 1. Effect of contact time on the amount sorbed of (&§*Zand (b) Cd* from aqueous solutions onto zeolite A.

versus, as shown irFig. 2, were used to determine the first-
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Fig. 2. Lagergren plots for the sorption of (a)Zrand (b) Cd* ions from aqueous solutions onto zeolite A.

The kinetic plots of/g; versus for Zn** and Cd* removal

orderrate constani. Itwas observed thatthe sorptionofboth  at different temperatures are presentedrig. 3 The rela-

ions followed the Lagergren equation over the entire range tionship is linear, and the correlation coefficieRE), sug-

of shaking time explored and the values of the first order gests a strong relationship between the parameters and also
rate constants did not change with temperature as reported inexplains that the process of sorption of each ion follows
Table 1 In many cases, the first-order equation of Lagergren pseudo-second-order kinetics. The produgt? is the initial

does not fit well with the whole range of contact time and sorption rate represented/as koqe2. FromTable 2 it can be

is generally applicable over the initial stage of the sorption shown that the values of the initial sorption rakéand rate

processefl7].

The pseudo-second-order rate mddé] is expressed as:

t 1 1

Rip— — —t
qt kaqs  qe

wherek, (g/mmol min) is the rate constant of second-order

kinetic model.

Table 1

®3)

Pseudo-first-order rate constants of Lagergren plots féf Znd Cd* ions

sorbed onto zeolite A

Temperature (K) ky (min~1) R?

Zn?* C?* Zn? CoP*
298 0.115 0.097 0.947 0.942
313 0.118 0.114 0.927 0.946
333 0.119 0.123 0.941 0.936

constant k2’ were increased with increase in temperature.
The correlation coefficienk? has an extremely high value
(>0.99), and its calculated equilibrium sorption capacjty *

is consistent with the experimental data. These results suggest
that the pseudo second order sorption mechanism is predom-
inant and that the over all rate constant of each ion appears
to be controlled by the chemisorption procgks, 18]

Other simplified models are also tested because of the
above two equations cannot give definite mechanism. Itis also
known that at an intensive stirring of the sorptive system, the
intraparticle diffusion of the solute sorbed from the solution
into the sorbent pores could be a limiting step. In this study,
two models namely those of Weber and Morris mgdé]
and that suggested by Helfferi¢d0] were also used. The
Morris—Weber equation is written as:

qr = Kadfl/2 4)
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Fig. 3. Pseudo-second-order kinetic plots for the sorption of (&j Znd (b) Cd* ions from aqueous solutions onto zeolite A.

Table 2
The calculated parameters of the pseudo-second-order kinetic models
Temperature (K) ge (Mmol/g) h (mmol/g min) k2 (g/mmol min) R?
zn?* C* zZn?* C* Zn?* C* zZn?* Cc*
298 4.027 1.965 0.134 0.603 0.0083 0.156 0.993 0.998
313 5.440 2.367 0.275 5.210 0.0093 0.931 0.991 0.996
333 6.157 3.142 0.397 10.930 0.0105 1.107 0.995 0.993
a5 o
(a) (b)
3.0] 3.0
2.5 ; 2.5
5 5
3 2.01 3 2.0]
g £
E 15] E 5
o =
1.01 1.0
K 333K
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Fig. 4. Morris—Weber kinetic plots for the sorption of (a)Zrand (b) Cd* ions from aqueous solutions onto zeolite A.
where Koq is the rate constant of intraparticle transport 6\ /1 5
(mmol/g mirt/2)., F=1- <712> > (nZ> exp [-n“Bi] (6)
According to this model, plotting a graphic gf versus n=1
A2 if a straight line passing through the origin is obtained, it
can be assumed that the involved mechanism is a diffusion of = 2D @
the species. In this case the slope of the linear plotis the rate™ — ;.2

’
constant of intraparticle transport. As can be seefign 4, 0
for times up to 30 min, the Morris—Weber relationship holds

good and the values df,q were calculated, from the slope 1,0 3
of the linear plots obtained, and presentedaile 3

Kinetic data were also analyzed by the procedure given zeolite A

Intraparticle diffusion rate constant for the sorption ofZand Cd* onto

by Helfferich[20]. Various parameters were calculated using Temperature (K) ~ Kaq (mmolig mir2) R2
the following equations as given by Boyd et [@1]. 22 P prR e
00 2.2 298 0.406 0.344 0.999 0.979
Fo1_(8 1\ | ZDitmn” 5 313 0471  0.400 0993  0.987
2 2 | EXP 2 ()
ne) “= \n g 333 0.510 0.433 0.998 0.969
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Fig. 5. Plots ofBr as a function of time for the diffusion of (a) Zhand (b) Cd* ions from aqueous solutions onto zeolite A.

Table 4
Diffusion and thermodynamic parameters for the sorption ¢ zmd C&* onto zeolite A

Metal ion D; x 10*2 (m?/s™1) Do x 107 (m?/s) Eq (kJ/mol) ASt (J/mol K) AH? (kd/mol) AGt (kd/mol)
298K 313K 333K

zn?* 1.83 2.34 3.05 1.06 9.97 —-107.21 7.50 39.45

Ck* 3.35 4.18 5.00 0.67 8.85 —111.06 6.37 39.46

whereF is the fractional attainment of equilibrium at time
t (F=q:lqe), B the time constant); the effective diffusion
coefficient of metal iory;g the radius of the solid particle, and
nintegers 1, 2, 3,..

Btvalues as derived from E(S) for the observed values of
F were obtained from Reichenberg’s taf#@]. The linearity
test of Bt versus time plots is employed to distinguish the film
and particle diffusion-controlled rates of sorption process. If WhereKisthe Boltzmann constaritthe Plank constant,the
the plot is a straight line passing through the origin, then the distance between two adjacent active sites in the solid matrix,
sorption rate is governed by particle diffusion mechanism R the gas constant, arftthe absolute temperature. Assuming
otherwise itis governed by film diffusioRig. 5depicts thes: that the value off is equal to 5« 10-8 cm[23], the values of
versus time plots for 4 and C&"* at different temperatures. ~ AS* for both ions were calculated and presentedable 4
The plots are linear and pass through the origin for both metal The negative values of entropy of activation obtained for the
ions, indicating the sorption process to be particle diffusion sorption of both metalions normally reflect that no significant
at all studied temperatures. The valuesipfcalculated at
different studied temperatures for both ions are presented in
Table 4

Plotting of InD; versus 1T gave a straight line, as shown - 7n
in Fig. 6, proves the validate of the linear form of Arrhenius
equation:

The Arrhenius equation would be also used to calculate
Dg, which in turn is used for the calculation of entropy of
activation,AS*, of the sorption process usifigg]:

_ 272°KT [ AS?
°T T P\ 7R

9)

-20.2 1 r

Ea
InD; =1In Dg RT (8)
whereDy is a pre-exponential constant analogous to Arrhe-
nius frequency factor.
The energies of activation for both iong;, were calcu-
lated from the slope of the straight lines kig. 6 and the
obtained values were presentediable 4 Such a low value

In Di (m%s)

-20.6 1 r

ofthe activation energy for the sorption of each metaliion indi-
cates a chemical sorption process involving weak interaction
between sorbent (zeolite A) and sorbate{Zand/or Cd*)

and suggest that each sorption process has a low potentia}:ig. 6. Arthenius plot for the sorption of 2hand C&*

energy.

-21.0

3.0

3.1

solutions onto zeolite A.

3.2
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3.3

3.4

ions from aqueous
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Table 5
Kinetic parameters and normalized standard deviations for the sorptiorfb&Ad C&* onto zeolite A
Kinetic constants 4 Cd?*
298K 313K 333K 298K 313K 333K
Pseudo-first-order rate model
K1 (minfl) 0.115 0.118 0.119 0.097 0.114 0.123
R? 0.947 0.927 0.941 0.942 0.946 0.936
Aq (%) 20.4 29.6 23.1 18.1 16.4 16.8
Pseudo-second-order model
k2 (9/mmol min) 0.0083 0.0093 0.0105 0.156 0.931 1.107
R? 0.993 0.991 0.995 0.998 0.996 0.993
Aq (%) 14.9 115 9.4 12.19 10.87 9.88
Helfferich model
D; x 1012 (m?/s) 1.83 2.34 3.05 3.35 4.18 5.00
R? 0.993 0.995 0.987 0.962 0.993 0.991
Ag (%) 7.9 5.4 2.5 2.3 1.6 4.2
Morris—Weber rate model
Kq (mmol/g min/2) 0.406 0.471 0.510 0.344 0.400 0.433
R? 0.999 0.993 0.998 0.979 0.987 0.969
Agq (%) 9.32 7.81 5.61 4.69 6.44 7.53

change occurs in the internal structure of the zeolite solid where the superscripts ‘exp’ and ‘calc’ are the experimen-

matrix during the sorption of ion23]. tal and calculated values amdis the number of measure-
The Gibbs free energy of activationG!, was calculated ~ ments. Based on thag values, as given iable 5 the
from the well-known equatiof4]: removal of both ZA* and Cd* from aqueous solutions
using zeolite A can be best described by the intraparticle
AGY = AHY — T ASt' = Eq— RT — T AS? (10) diffusion model given by Helfferich. A good correlation of

the rate data in this model can justify the mechanism. Pre-

. t t . vious workers[26-28] in this direction reported diffusion
The estimated values dfH* and AG* were presented in coefficient ;" values in the range of 102 to 10-12m?/s

Table 4 The positiveAG* values suggest the existence of an : . e I
. oY for intraparticle diffusion to be the rate limiting step for
energy barrier and that the reaction is non-spontaneous pro-, . . . o
- L the sorption of metal ions. As per this, the rate-limiting
cesg24]. The positive values ohH* indicate the endother- . e T :
. e step appears to be particle diffusion since fthevalues are
mic nature for the diffusion process.

" . in the order of 10%2m?/s. The increase in values of the
In order to compare the validity of each model more effi- kinetic parameters with increasing temperature is mainl
ciently, a normalized standard deviatiofig is calculated P 9 P Y

using the following equatiof25]: due to (i) the increase of the mobility of the ion and a
9 9€q ' decrease in retarding forces acting on the diffusing ion;

whereAH! is the enthalpy of activation.

P calo, EXp2 and (ii) a consequence of the effective size of ion caused
Ag (%) = 100 x \/Z (O e YL (11) both by a decrease of the ion hydration shell and a reduc-
n—1 tion of the limitation for diffusion in the inner part of the
3.0 . . . ! P
(VA (b)
2.57 - E 251
5 2.0 5 201
s S
£ ] s ]
E 15 E 15
o’ [ o
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Fig. 7. Effect of temperature on the sorption isotherm of (&3*Zzmd (b) Cd* onto zeolite A.
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Fig. 8. Freundlich isotherm plots for the sorption of (afZand (b) Cd* ions from aqueous solutions onto zeolite A.

pore system arising from a decrease in the effective radiussolute in the equilibrium solution (mmol/° the monolayer
[29]. adsorption capacity (mmol/g) aidhe constantrelated to the
free energy of adsorptiong e 2¢/RT). Also, the logarithmic

3.2. Sorption isotherms form of Freundlich equation may be written as:

The sorption isotherms for the removal ofZrand Cd*
from aqueous solutions onto zeolite A at three different tem-
peratures are shown iRig. 7. The isotherms are regular, WhereKk; is a constant indicative of the relative adsorption
positive, and concave to the concentration axis. The initial capacity of the adsorbent (mmol/g) and: the constant
rapid sorption gives way to a slow approach to equilibrium at indicative of the intensity of the sorption process. The Lang-
higher ion concentrations. These results reflect the efficiencymuir and Freundlich isotherms for the sorption of the two
of synthetic zeolite A for the removal of both ions from aque- metal ions on the prepared zeolite material are presented in
ous solution in a wide range of concentrations. The uptake Figs. 8 and 9respectively. The straight lines obtained for
of ions increased with the increase in temperature therebythe two-sorption isotherms indicate that the sorption of both
indicating the process to be endothermic. ions fit with the two investigated isotherm models. The cor-

The sorption studies were carried out at 298, 313 and responding Langmuir and Freundlich parameters along with
333K to determine the sorption isotherms. The isotherm correlation coefficients are given ables 6 and ,/respec-
parameters were evaluated using Langmuir and Freundlichtively. The slope of the Freundlich isotherm for all cases is
isotherm models. The Langmuir isotherm equation could be less than one, indicating a concentration-dependent sorption
written as: for both studied ions onto zeolite A. Also, The monolayer
Co 1 1 sorption capacity@®) for zinc ion was found to be relatively
7 = 0% + @Ce higher than that of cadmium ion. The Langmuir const@®s

andb increased with temperature showing that the sorption
wherege is the amount of solute sorbed per unit weight of

capacity and intensity of sorption are enhanced at higher tem-
adsorbent (mmol/g);e the equilibrium concentration of the  peratures. This increase in sorption capacity with temperature

logge =l0g K s + 1 logC, (13)
’ n

12)

15.0 - ; 15.0 :
(a) (b)
12.5 . 12.57
10.0 o 10.09
= =
=) =
o 75 gt 757
o® ‘50
5.0 r 5.0 1
] o 208K o 208K
25 o 313K 25 o 313K
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Fig. 9. Langmuir isotherm plots for the sorption of (aZmnd (b) Cd* ions from aqueous solutions onto zeolite A.
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Table 6
Langmuir isotherm parameters of Zrand Cd&* sorbed onto zeolite A
Temperature (K) Qo (mmol/g) B x 10~31/mol R? Aq (%)

Zr* C* zZr* CP* zr?* CP* Zr?* c*
298 2.53 1.65 0.455 0.991 0.999 0.996 121 15.7
313 2.75 1.73 0.462 1.442 0.998 0.998 24.1 20.7
333 2.84 1.85 0.471 1.873 0.999 0.998 22.4 21.2
Table 7
Freundlich isotherm parameters ofZrand Cd* sorbed onto zeolite A
Temperature (K) Y Ki (mmol/g) R? Agq (%)

Zn?* c* Zn?* C* zZn?* CP* Zn?* Cce*
298 0.391 0.280 0.717 0.810 0.999 0.999 2.6 11
313 0.338 0.255 0.916 0.990 0.989 0.996 0.5 1.6
333 0.322 0.233 0.972 1.080 0.999 0.997 0.7 0.7

suggested that the active surfaces available for sorption haveg the constant related to the sorption energy @af); and

increased with temperature. Another reason may be due tog the Polanyi potential R7'In (1 + 1/Ce), whereR the gas

the change in pore size and enhanced rate of intraparticle dif-constant (kJ/mol K), and@ the absolute temperature (K).

fusion of solute, as diffusion is an endothermic pro¢es$ The mean free energy of sorption is the free energy change
Although the Freundlich and Langmuir constakitsand  when one mole of ion is transferred to the surface of the solid

0° have different meanings, they led to the same conclu- from infinity in the solution, and it is calculated from:
sion about the correlation of the experimental data with the

sorption model. The basic difference betweégnand Q° is E=(-2p)7? (15)

that Langmuir isotherm assumes sorption free energy Inde_The magnitude af can be related to the reaction mechanism.
pendent of both the surface coverage and the formation of I S
If Eis in the range of 8-16 kJ/mol, sorption is governed by

monolayer, whereas the solid surface reaches saturation while .
the Freundlich isotherm does not predict saturation of the fon exchangg20]. In the case of < 8 kJ/mol, physical forces

i may affect the sorption mechanism.
solid surface by the sorbate, and therefore, the surface cover The D—R plots of Ije versuse2 for both ions at dif-

%goengtlaallngrns];t'hqunaggalell)(l:iltjn\l;vrﬁ;;gzdilsli]h(e:c:'g(l:;l:ii?jg? tggn ferent temperatures are givenkig. 10 These linear plots
Y P pactly P indicate that the D—R isotherm expression is followed for

capacity or s'orptlon' POV.VEB]- each metal ion. Linear regression analysis using paired of
The sorption equilibrium data were also tested for another Inge and &2 resulted in the derivation ajm, 8, E and the
e ms )

isotherm model, Dubinin—-Radushkevich (D-R). The D-R correlation factor §2). The correlation factor is a statistical

equation has the following linear for[a0]: measure of how well the data points fit the regression line.
Inge = In gm — P& (14) These D-R parameters, evaluated for sorption of both ions
at different temperatures, are presentedable 8 The val-
wheregy, is the maximum amount of ion that can be sorbed ues of E obtained through regression and from the slopes
onto unitweight of zeolite A, i.e., sorption capacity (mmol/g), of the D-R plots are approximately similar. The maximum

B - 56
(a) v 333K (b) v 333K
o 313K O 313 K
o 208K |} 601 6 298K
-6.0 3
=) 5
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Fig. 10. D-R isotherm plots for the sorption of (a)Zrand (b) Cd* ions from aqueous solutions onto zeolite A.
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Table 8
D-R isotherm parameters of Zhand Cd* sorbed onto zeolite A
Metal ion Temperature (K) B (mol/k¥) [geln (mmol/g) %) E (kJ/mol) Aq (%)
Regression Graphical
zZn?* 298 —0.00683 4.306 0.985 9.15 8.55 1.35
313 —0.00541 4.445 0.997 10.05 9.62 4.14
333 —0.00421 4.484 0.995 11.25 10.41 3.98
C* 298 —0.00436 2.761 0.997 10.95 10.71 2.84
313 —0.00334 2.795 0.997 12.35 12.22 2.92
333 —0.00258 2.805 0.998 13.95 13.91 2.31
Table 9
Isotherm constants and normalized standard deviation for the sorptiorfbadd Cd* onto zeolite A
Isotherm constant il C*
298K 313K 333K 298K 313K 333K
Langmuir
0° (mmol/g) 2.53 2.75 2.84 1.65 1.73 1.85
b x 1073 (I/mol) 0.455 0.462 0.471 0.991 0.144 0.187
R? 0.999 0.998 0.999 0.996 0.998 0.998
Ag (%) 12.1 24.1 22.4 15.7 20.7 21.2
Freundlich
Ki (mmol/g) 0.717 0.916 0.972 0.810 0.990 1.080
1in 0.391 0.338 0.322 0.280 0.255 0.233
R? 0.999 0.989 0.999 0.999 0.996 0.997
Ag (%) 2.6 0.5 0.7 1.1 1.6 0.7
D-R
gm (mmol/g) 4.306 4.445 4.484 2.761 2.795 2.805
B x 10° (mol/kF) —6.83 —5.41 —4.21 —4.36 -3.34 —2.58
R? 0.985 0.997 0.995 0.997 0.997 0.998
Ag (%) 1.35 4.14 3.98 2.84 2.92 2.31

sorption capacitiesgf,) are in that ranges of 2.15-2.24 for the removal of zinc and cadmium ions from aqueous
and 1.38-1.4meq/g zeolite A for Zhand Cd?, respec- solutions and wastewater. The removal of these two metal
tively. These values are considerably less than the theoreticaions by the sorbent material takes place via a particle diffu-
exchange capacity (CEC) calculated from the chemical for- sion mechanism, and the thermodynamic parameters reflect
mula of zeolite A (5.45 meq/g). This could be due to the size the feasibility of the process. Freundlich and D-R isotherm
window of the zeolite A and to the radius of Zrand/or Cd* models are the best choice to describe the observed equilib-
ions, which make difficult the ion exchange and therefore the rium data. The sorption of both metal ions is an endothermic
values determined experimentally were lower. On the other process and the results show that zeolite A can be fruitfully
hand, the value ofi, for Cd*? is in a reasonable agreement employed for the removal of these metal ions in a wide range
with the value quoted by Biskup and Suboj} for C#* of concentrations.

removal with zeolite A at 298 K (1.25 meq/g). The values of

the mean free energy, of sorption in all cases were found to

be in the range of 8-16 kJ/mol, which are within the energy
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