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Temperature dependence of distribution coefficients of some cations on a
crystallme zlrcomum phosphate over the range 25 to 80 °C

Many synthetic ino_rganic ion exchangers have been studied because they
show gr'eater resistancé. to heat and ionizing radiation and higher selectivities for
alkali metal ions than organic ion exchangers, and most attention has been given to
z1rcon1um phosphate. -

' Recently, crystalline zirconium phosphate, Zr(HPO,),* H,O (a-ZP) was pre-
pared and 1ts ion-exchange characteristics were investigated. This ion exchanger is
considered to be useful as it has a known and reproduc1ble composmon and less ten-
deéncy towards hydrolysis compared with amorphous zirconium phosphate.

Distribution coefficients, Kq, for several cations were determined at 20° by
ALBERTSSONI and at 25° by HASEGAWA AND ToMITA28, The values depend upon the
load of the exchanger and therefore upon the concentrations of cations in the con-
tacted solution.

" 'Another factor that contributes to the values of distribution coefficients in
practlce seems to be temperature. As experlmental results on this aspect are very
scarce, an attempt was made to determine the temperature dependence of distribu-
tion coefficients on a-ZP over the range 25 to 80°.

Experzmental

Crystalline zirconium phosphate was prepared and treated as reported pre-
wously’ 3, and identified by means of X-ray powder diffraction.
Dzstmbuuon cocfficients, Kq. Mass distribution coefficients were measured for
Na+ K+, Cs+, Ca?+, Ba2+, Co?*, Zn2+ and Ce®* by a batch method at 33, 50, 65 and
80°. Weighed amounts (m) of a-ZP were equilibrated with metal chloride solutions of
known ‘volume (v), ‘v/m being 100 ml/g. The initial concentrations of metal ions
were chosen tobe x- IOf.a N in all instances. No acid or base was added to each solution
‘to adjust the hydrogen-ion concentration. For all ions studied, the exchange reaction
attained equilibrium within 24 h. Determinations were therefore made after the
reaction mixtures had been shaken for about 24 h in a thermostat regulated at the
deslred temperature . |
) . After: shakmg, the mlxture was centnfuged and the resulting supernatant was
'analyzed for metal ions. Most analyses included the use of radioisotopes such as
22Na, 187Cg, 139Bq; 85Zn, 89Co and 4Ce as tracers. Radioactivities were measured with
a well-type Nal(T1) scintillation counter. Flame photometry was used for the deter-
mma.tlon of pota,ssmm and atomic-absorption spectrometry for calcium,
‘ Usua,lly, three runs were carried out for an ion at a particular temperature. The
..agreement of obtamed K4 values was reasonable and mean values were taken.

Results ami dzscusszan

: The temperature dependences of Kq values for various cations are shown in
I'lgs. :l:, z and 3, numenca.l values of Kq being given in Table I, ‘
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TABLE 1

DISTRIBUTION COEFFICIENTS, g (ml/g), AT VARIOUS TEMPERATURES

Ton Temperature (°C)
254 35 50 65 8o
Na+ 9 10.3 6.4 3.5 2.2
K+ o4 82 83 64 62
Cst+ 260 324 301 317 233
Ca?+ 190 305 326 281 251
Ba?+ 280 320 361 266 253 (71°)
Co?+ 230 263 31X 314 369
Zn*+ 340 368 406 359 370
Ced+ 3.6 104 5.5-10% 6.1'104% 3.0: 108 3.4 108
o Results given by HASEGAWA AND TOMITA®%S,
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Fig. 1. Temperature dependence of Kq values for a.lkalx metal 1ons

Fxg 2 Temperature dependence of Ka values for a,lka.lme ca.rth meta.l 1ons
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g The behaviour of sodium, potassium:and caesium ions is similar to each:other,
i.c., the Kq values decrease gra.dually'with increasing temperature (Fig. 1). Values

at 25° were taken from refs. 2 and 3, in which:an ¢-ZP preparatlon of a d1f£erent batch
had been used”.

For calcium and barium, the K4 values become closer. to each other as the tem

perature increases, ‘although it is not clear whether select1v1ty reversal takes place
within the temperature range studied (I‘1g 2). One of the salient’ features of ‘the ‘K
vs. temperature curves for these cations.is the existence of a maximum at about 50°

With cobaltous ions, there seems to be a slight increase in the Ky values witl

umcrea.smg temperature (Fig. 3). Zinc ions behave snmla.rly, but. in this case.the Ki;
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batrhes owmg to drﬂerences in the degree of cr;’sta,lhmty

* Thiste are small differences in Ky values between erysta.llme mn exchangers of dlﬁeren
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Fig. 3. Temperature dependence of g values for some transition metal ions.

values remain almost constant over the range 50 to 80°. However, zinc ions show a
higher affinity for the exchanger than cobalt ions over the whole temperature range.

The affinity of cerous ions apparently increases with increasing temperature.
For ‘‘semi-crystalline” zirconium phosphate, BAETSLE? has pointed out that the
temperature coefficient for the rare earth ion exchanges is of the opposite sign to
those for the alkali metals and alkaline earths. This is verified for the crystalline ion
exchanger in the present study. On the other hand, BAETSLE’s results show that the
variation of K4 values with temperature is very important for caesium and rubidium
but is small for rare earth ions (tracer concentrations were used in BAETSLE’s experi-
ments). However, the present results show that influence of temperature on Ky
values is remarkable only for cerium. The basic difference between amorphous and
crystalline zirconium phosphate is that the latter possesses ion-sieving characteristics
towards caesium and rubidium ions. Hence the sorption of these ions on «-ZP de-
creases drastically with increasing concentrations. Furthermore, it is conceivable
for the ion exchanger with poor crystallinity that hydrolysis proceeds to a greater
extent at higher temperatures. The extent of hydrolysis must affect the adsorption
properties. The combination of these factors may contribute to the ion-exchange
behaviour on these two exchangers in a different way.

From Figs. 1, 2 and 3, the affinity series are found to be as follows:
over the range 25 to 65°:

Ce¥t+ > Zn?*t+ > Cs* > Co2+ > K+ > Ba2*+ > Ca?+ > Na*;
over the range 65 to 80°:
Ce®t > Zn?+ > Co?+ > Cs* > K+ > Ca?+, Ba2+ > Nat,
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