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Kinetic studies have been made on antimony(V) arsenatophosphate cation exchanger, for the forward and

reverse Na(I)-H(I) and K(I)-H(I) exchange processes.

On the basis of such studies the self diffusion coefficients,

energies of activation, and entropies of activation have been evaluated.

Kinetic studies are helpful in understanding the reac-
tion mechanism undergoing in a particular system on
the basis of the reaction rate. Such studies? on inor-
ganic ion-exchange materials so far have been useful in
drawing some important conclusions regarding their
ion-exchange behavior and potential use under different
conditions. Antimony(V) arsenatophosphate is a rea-
sonably stable cation exchanger and has a promising
ion-exchange behavior as our earlier observations indi-
cate.? [t is important to know the kinetics of the ion-
exchange process going on in this material during its
functioning so that its practical utility may be explored
more clearly. The following pages summarize such a
study for the Na(I)-H(I) and K(I)-H(I) exchanges in
both the forward and reverse directions. The results
have been compared with those of the antimony(V)
silicate prepared earlier!) in these laboratories.

Experimental

Reagents and Apparatus: Antimony(V) pentachloride was
obtained from Fluka, Switzerland. All other reagents and
chemicals were of Anala R grade. For the equilibrium stu-
dies a water bath incubator shaker with a temperature varia-
tion of £0.5°C was used. A flame photometer by Systronics
India was used for the quantitative determination of Na(I) and
K(I) in solutions.

Synthesis of Antimony(V) Arsenatophosphate: It was syn-
thesized as reported earlier? and its ion-exchange capacity was
found to be 2.2 mequiv gl

Kinetic Experiment: The material was finely ground and
sieved in order to obtain particles of mean radii 121 pm (52—
72 mesh) used in the present study. Twenty ml of 0.05 M (1
M=1 moldm—3) NaCl or KCI solutions was shaken with the
exchanger (0.2 g) at various temperatures (20, 30, 45, 60°C)
for different time intervals and the supernatant liquid was
analyzed for the Na(I) and K(I) ions by flame photometry.
In the reverse process the exchanger was taken in the metal
form and shaken with 20 ml of 0.1 M HNOs. The supernat-
ant liquid was titrated against standard NaOH solution to find
out the amount of the H(I) ions adsorbed on the exchanger,
the range of error in the determination being £1%. Five
replicates were used for each determination. Under the con-
ditions of particle diffusion control, a relatively large particle
size of the exchanger and vigorous shaking, the fractional

attainment of equilibrium Uy, is expressed as

the amount of exchange at time ¢
the amount of exchange at infinite time

Un= (N

Results and Discussion

As verified experimentally (Fig. 1) the kinetic studies
point out that the ion-exchange process on antimony(V)
arsenatophosphate is controlled by the particle diffusion
mechanism when the metal ion concentration is >>0.05
M. For the H(I) ions, however, this limit is >>0.1 M.
This difference in the concentration limits is perhaps due
to the different degrees of ionization of an acid and its
salt. In the first case the exchanger behaves as an acid
because of its H* form while in the second case it
behaves as a salt as it was taken in the Nat/K* forms.
Below these concentrations the film diffusion is more
prominent.

A plot of Uy versus ¢ (Fig. 2) indicates that the
fractional attainment of equilibrium is faster at a higher
temperature. In this regard the exchanger behaves in
the similar way as antimony(V) silicate studied earlier.?

Fig. 1. Plots of t vs. ¢ for Na(I)-H(I) exchange using
different solution concentration at 30°C on anti-
mony(V) arsenatophosphate.



August, 1992] Kinetics on Antimony(V) Arsenatophosphate Cation Exchanger 2193

60°C B
1.0 |- "0‘--0-21.5 I 1.0
p//ﬁ’ ,o/::g— 30.C
e i gﬁ;/g . 0 60°C
720" L
0.8 -l il 0.8 .
/ //0' g 5.C
0 7+ ’/ ﬁ// P 0.7 ocC
s 4 20°C
0.6} / /;/0,’ 0.6}
1 ~
os-/fgl < 0.5}
= 12 Na (1)—H (1) D H (1) — Na (1)
= 0.1y 0.4
b l/I,/I/
0.3/ 0.3
”lll
0.2 0.2
Iyt
i
0.1 0.1
0.0 : : : | 0.0l . L !
0 1 2 3 4 0 1 2 3 4
1/ min ¢t/ min

Fig. 2. Fractional attainment of equilibrium for Na(I)-H(I) and H(I)-Na(I) exchanges on
antimony (V) arsenatophosphate.
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Fig. 3. Plots of t versus time for foward and reverse metal()-H(I) & H(I)-metal(I)
exchenges on antimony(V) arsenatophosphate at various temperatures.
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The present system may be considered to follow the
infinite solution volume condition because CV:>CV
where C and C are the metal ion concentrations in the
solution and exchanger phases respectively while ¥ and
V are the volumes of these phases. The Nernst-Planck
equation can be solved conveniently with some addi-
tional assumptions,*™® since inorganic ion exchangers
do not swell significantly. As a result we obtain a
coupled interdiffusion coefficient Dag, the value of
which depends on the relative concentrations of the
counter ions ‘A’ and ‘B’ in the exchanger phase (Ca and
Cs). For Ca<Cs the interdiffusion coefficient assumes
the value Da, ‘A’ being the counter ion initially present
in the ion exchanger phase. The numerical results can
be expressed® by the explicit approximation:

U ={1—exp [22fi(a)t + f@)2+ fai(a)3]} V2 (2)

where =D, 1/12, mobility ratio o=Da/ Dg, ro=particle
radius and Ds=the interdiffusion coefficient of the
metal ion. Under the conditions 0.1  a 10 and Za/
Zg=1 which are fulfilled in the present case, the three
coefficients fi(e), fo(), and f3(«) can be expressed as

Sile)=—

0.570 4 0.4300077
B I
Sl =t 0+ 0.7824
S B
S = = s F0.177a

Each value of U will have a corresponding value of 7
as obtained earlier in these laboratories” by using Eq. 1.
Plots of t versus t at the four different temperatures
(Fig. 3) for the forward and reverse M(I)-H(I)
exchanges are shown at concentrations of 0.05 and 0.1
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M respectively, which are straight lines passing through
the origin, where M(I) stands for Na(I) or K(I) ions.
This confirms that the phenomenon is controlled by the

particle diffusion.

Slopes (S) of such lines for all the

four different temperatures are given in Table 1, which
are related to Da as follows:

3)

The values of log Da obtained by this equation are
plotted against 1/ 7. Straight lines are obtained for
Na(I), K(I) exchanges with H(I) and vice versa for
reversible exchange, as shown in Fig. 4, justifying the
validity of the Arrhenius equation.

Da= D, exp(—E./ RT)

“4)

The D, was then obtained by extrapolating these curves,
observing the intercept at the origin and taking the value

of Da at 273 K.

The entropy of activation (AS*) is obtained by using

Eq. 5,

KT exp(AS*/R) ©)

h

where k and 4 are the Boltzmann and Planck constants

Table 1. Slopes (S) of T vs. ¢ Plots for Forward and Reverse

Exchanges of Na(I)-H(I) and K(I)-H(I) on Antimony(V)
Arsenatophosphate Cation Exchanger

104 (s—1

Migrating IOI;II: rizsl.lent SX107 (5™
lon exchanger  20°C 30°C 45°C 60°C
Na(I) H(I) 16.7 250 30.5 555
H(I) Na(l) 175 229 345 583
K(I) H() 95 133 185 250
H(I) K(I) 83 115 166 20.0

9.6 oo Nal(l)—HI(1)
—=o0 H(I) — Nal(l)
~ A——2 KI(I) —HI(D
¢« 0.0 H{1) —K (1)
g
=
R 0.4
=]
<
[
10.8
1.2 ] 1 1 ! |
2.8 3.0 3.2 3.4 3.6 3.8
T-1/103 K

Fig. 4. Plots of —log D versus 1/ T for metal(T)-H(I)
and H(I)-metal(I) exchanges on antimony (V)
arsenatophosphate.

Table 2. Self Diffusion Coefficients, Energies of Activation, and Entropies of Activation for Forward and
Reverse Exchanges of Na(I)-H(I) and K(I)-H(I) on Antimony(V) Arsenatophosphate Cation Exchanger

Hydrated radii of

TR D E AS*
Migrating ion  1o% PTeSeT O the migraring ion °
A m?s~! kJ mol—! Jdeg—!mol—!
Na(l) H(D) 2.8 6.0X10-7 10.8 -—15.6
H®) Na(I) — 5.7X10-7 10.6 —16.1
K@) H®D) 2.3 2.3X10-8 7.8 —42.7
H(I) K — 1.1X10-° 7.1 —49.0
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respectively, d is the ionic jump distance taken® as 5 A,
R is the gas constant, and T is taken as 273 K. As the
results show (Table 2), D,, E,, and AS* values decrease
with the decrease in hydrated radii of Na(l), K(I), and
H(I). A decrease in AS* values also indicates a greater
order of exchange into the metallic form. A higher
negative value of AS* for the K(I)-H(I) exchange justi-
fies the higher selectivity for K(I) than for Na(I) as
indicated in our previous studies.® Kj value of K(I) is
greater than that of Na(l) ions.
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