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Among the most frequently observed empirical relationships concerning 
the thermal dissociation of solids are: 

the Zawadzki-Bretsznajder [ 1,2] relation which describes the relationship 
between the activation energy and the pressure in the reaction system; 

the existence of an isokinetic temperature [3] at which the rate constants 
of decomposition under different pressures become equal to each other; 

the compensation effect [3,4] which interrelates the pre-exponential fac- 
tor in the Arrhenius equation with the activation energy; and 

a specific correlation between the activation energy and the supersatura- 
tion [5]. According to the latter the activation energy of a dissociation pro- 
cess calculated from the reaction rates at different temperatures under con- 
stant supersaturation is constant and equal to the Arrhenius activation 
energy of a process carried out under considerably reduced pressure (in 
vacuum). 

Recently it has been shown that the above relationships are interrelated 
and may be regarded as a direct consequence of considering the Arrhenius 
equation as a projective correlation [ 41. The existence of such correlations 
has hitherto been established for relatively simple reactions, such as the ther- 
mal decomposition of carbonates, dehydration of crystal hydrates, etc. 

The aim of the present work was to utilize these relationships for a des- 
cription of much more complex systems as well as to gain additional infor- 
mation on the kinetics and mechanism of the dissociation of basic alumi- 
nium.potassium sulfate (BAPS). The adequateness of kinetic studies reported 
in a previous part of the work [6 ] was also checked. 

RESULTS AND DISCUSSION 

The Zawadzki-Bretsznajder relationship, to be denoted as the E = f@) 
relation, has been searched for by graphical representation of the rate con- 
stant k as a function of the reciprocal temperature for each stage of the 
dehydration process (Fig. 1). 

It. follows from the presented data, that with increasing pn20 (with 
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Fig. 1. Relation between log h and l/T. a, b = First and second step of the first stage of 
BAPS dehydration, respectively; c, d = first and second step of the second stage of BAPS 
dehydration, respectively. 1, Vacuum;‘2, ~30 = 3.4; 3, ~~20 = 9.8; 4, ~1120 = 18.5 hPa. 

increasing pressure of the gaseous reaction product) the straight lines tend to 
be shifted to the left. This corresponds to a shift of the region of tempera- 
tures AT at which the reaction runs at a measurable rate. The increase in 
pnzo is followed by an increase of the slope of the lines and, consequently, 
by an increase of the Arrhenius activation energy. The experimental data 
given in Fig. 1 enable the determination (by means of extrapolation) of the 
isokinetic temperature (p). 

The dehydration of BAPS also involves the compensation effect, accord- 
ing to which the increase in activation energy must be compensated for by 
an increase of the pre-exponential factor in the Arrhenius equation. The rela- 
tion between log A and E (Fig. 2) is a straight line described by the equation 

logA=rr+bE 

in which usually a = 0, and the value of b(b,,,_) may be derived, for succes- 
sive stages of the dehydration, from the slope of tlne straight lines. It is also 
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Fig. 2. Compensation relationship between log A and E. a, b = First and second step of 
the first stage of BAPS dehydration, respectively; c, d = first and second step of the 
second stage of BAPS dehydration, respectively. 1, Vacuum; 2, p%,~ = 3.4; 3, ~~20 = 9.8; 
4, p%. = 18.5 hPa. 

possible to calculate the value of b (the so-called bcalc.) from the obtained 
values of the isokinetic temperature (bcalc_ = l/Rp [4], where R is the gas 
constant). 

The values of bcalc., bexp., and isokinetic temperature are given in Table 1. 
It follows from the presented data that the values of bcalc_ are in fair agree- 
ment with those of bexp. found from the slope of the lines represented in 
Fig. 2. 

The accordance of the values of bcalc_ and bexp. is not surprising, as the 
magnitudes k, E, T, and A are interrelated by the Arrhenius equation, and 
the pair E, A is in a dual correlation with the pair Iz, 2’ (which means that the 
magnitudes log A and E are in a linear relationship only in cases where the 
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= f(T): a and b refer to the first and the second stage of BAPS 

magnitudes log k and l/T are in a pencil correlation [ 11. 
We have also checked another relationship, characteristic for thermal 

dissociation reactions, according to which the activation energy of thermal 
decomposition calculated from reaction rates at different temperatures and 
constant supersaturation (i.e. at constant pa/p where p. is equilibrium pres- 
sure and p is the pressure 6f the gaseous product in the reaction system) is 
constant and equal to the activation energy of the process carried out under 
highly reduced pressure. 

To calculate the activation energies at con&nt supersaturation it is neces- 
sary to know the equilibrium pressures of water vapor (PO) over BAN; these 
data are not to be found ir, the literature and their precise determination by 
experiment is very difficult. However, use may be made of the apparent 
equilibrium pressures, pz , which can be found by extrapolation of kinetic 
data (decomposition rates) obtained under different pressures up to such 
conditions where the reaction practically stops. The data obtained by such 
reasoning are represented in Fig. 3. From the obtained relationship, pz = 

F(T), it is possible to calculate the pressure @) under which constant super- 
saturation is retained at a given temperature [ 5 J. 

Calculations show (see Table 2 and Fig. 4) that changes of the ratio 
POIPH 0 within 1.5-10.0 do not influence the activation energy; only slight 
differsnces are observed between the obtained values which are very close to 
the value of E in the process carried out in vacuum. 
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Fig. 4. Examples of reIationships between log k and 3./T for PO/P 0 = const. for first and 
second stage of BAPS dehydration. 1, Vacuum; 2, PQIPKO = “i 0; 3, = 4; 4, 
POIP~O 

p,-&w0 
= 3; 5, PO~PI-QO = 2; 6, Pdm+o = 1.5. 

CONCLUSIONS 

The thermal decomposition of basic aluminium potassium sulfate follows 
the known relationships observed in thermal dissociation. It has been shown 
that the process follows the Zawadzki-Bretsznajder relationship, and depicts 
the existence of an isokinetic temperature and compensation effect. A 
relationship po, o = f(T) has been derived for BAPS and utilized for the cal- 
culation of the* activation energy under constant but different values of 
supersaturation. 
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