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ON THE THERMODYNAMIC TREATMENT FOR ANION EXCHANGE IN 
HYDROT ALCITELIKE COMPOUNDS 
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Hydrotalcite Mg6Alz(OH)16C03 ·4H2 0 and the syn
thetic analogues substituted by different divalent metal 
ions have been extensively studied to determine their 
crystal structure (Allmann, 1968; Bish and Brindley, 
1977; Brown and Gastuche, 1967; Gastuche et al., 
1967), thermal behavior (Brindley and Kikkawa, 1979, 
1980), synthesis conditions (Brindley and Kikkawa, 
1979; Kikkawa and Koizumi, 1982), ion exchange (Mi
yata, 1983), and gas adsorption (Miyata and Hirose, 
1978). The thermodynamic quantities for anion ex
changes have been cited in recent publication (Miyata, 
1991). 

Other metal silicates, e.g., clay compounds, zeolites, 
and AP+ -substituted tobermorite with a 2: 1 type layer 
structure, have been studied for ion-exchange selectiv
ity toward cations. An analytical evaluation method 
ofthe chromatographie parameters (distribution coef
ficients and separation factors) has been derived using 
an ion-exchange isotherm and its conjugate expression, 
i.e., Kielland plot (Tsuji and Komarneni, 1989, 1991, 
1992; Tsuji et al.. 1991). The method is also valid for 
anion exchange. 

Recently, vivid contradictions were found in the 
thermodynamic treatment of the ion-exchange iso
therms and the Kielland plot for anion exchange in 
reports on the hydrotalcites by Miyata (1983, 1991). 
The ion-exchange isotherm and the corresponding 
Kielland plot should be conjugate as mentioned above. 
However, the plot ofthe selectivity coefficients (KAN03) 

vs the equivalent fraction XA in the exchanger given 
for A - IN03 - exchange can ne ver be derived from the 
corresponding isotherms. They can be exemplified by 
the Kielland plots for OH- and F- IN0 3 - exchanges 
(Figure 1), which still contain errors that will be de
scribed below. The contribution of the activity ratio 
ofanions in the solution phase is negligible. They were 
calculated using the data points in Figure 1 ofthe Mi
yata paper (1983), assuming that the hydrotalcite is in 
the pure N03 - form (XN03 = 1). The author also gives 
the isotherms for divalent anions AZ- IN03 - exchange 
in the total normality of 0.1 N, where the equivalent 
fraction is used. The se1ectivity coefficients Ke (Figures 
3 to 9 in his report) are given as a function ofthe mole 
fraction, but the equation of the Ke is expressed in 
terms ofthe equivalent fraction in the text. For the 2: 1 
exchanges, e.g., the C032-IN0 3 - and S042 - IN03 - ex
changes, the selectivity coefficients must include a term 
ofthe total normality and cannot be expressed only by 
the equivalent fractions ofions in the solution and the 

solid phases (Gaines and Thomas, 1953; Barrer and 
Klinowski, 1974; Tsuji and Komarneni, 1991, 1992). 
The expressions ofthe thermodynamic quantities have 
been derived in terms ofthe equivalent fraction. Thus, 
the Miyata paper should be revised using the expres
sions in terms ofthe equivalent fraction as long as the 
Gaines-Thomas equation is used for evaluation of the 
equilibrium constant. The use of the equivalent frac
tion also has the following advantages. Prediction of 
the ion exchange isotherm at various total normalities 
is possible using the Kielland plot at a total normality 
when the Kielland plot was determined in terms ofthe 
equivalent fraction of the exchanging ions. Moreover, 
the distribution coefficients can be calculated using the 
Kielland plot as a continuous function of the concen
tration ofexchanging ions (Tsuji and Komarneni, 1992). 
The use of the mole fraction in the thermodynamic 
treatment for the 2: 1 or n: 1 exchange does not permit 
such prediction or calculation. 

Other weak points are the use of mixed ionic form 
and ambiguity in the definition of the standard state. 
Anions An- in the interlayer of the hydrotalcite 
[Mg'_xAI.(OH)2jx+[(x/n)An- ·nH20j are believed to 
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Figure 1. Kielland plot for OH - or F-IN0 3 - exchange on 
hydrotalcite. OH- /N0 3 - exchange: • by Miyata, 0 recalcu
lated, F-IN0 3 - exchange: ... by Miyata, 1::,. recalculated. 
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exchange with other anions. The reported contents of 
NO) - and C032- were used to calculate the total ion
exchange capacity. The "NO) - form" yielded the total 
capacity of 3.09 meq/g as the sum of2.74 meqNO) - /g 
and 0.35 meqCO)2-/g. These give the equivalent frac
tions ofX(NO)-) = 0.887 and X(CO)2- ) = 0.113 for 
the initial composition, where the overbar on the char
acter denotes the solid phase. The ionic composition 
of the "Cl - form" is calculated to be X(CI) = 0.936 
and X(CO/-) = 0.073. However, these deviations from 
the "ideal" composition or X A = 1.00 do not seem to 
be taken into account in the ionic composition. These 
major revisions will be only possible using the original 
data and are not made in this report. The similar sit
uation can be found on other ionic forms where the 
"pure" ionic form is not used. Thus, major corrections 
are needed for these figures and tables so as to remove 
these confusions on the ion-exchange data of hydro
talcites and the thermodynamic treatment. 
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