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A study was made of the isothermal kinetics of phosphogypsum in the presence of additives
and in a reducing gaseous medium.

Reduction of the energy consumption in the process of thermochemical
decomposition of CaSO, to calcium oxide and sulphur dioxide by the introduction
of intensifying additives is the subject of various investigations [1, 2]. The effective
action of some additives under dynamic heating conditions in a reducing gaseous
medium has been established [3].

Experimental

The investigations were carried out in a high-temperature Shimadzu thermogra-
vimetric system [4] in the temperature range 950-1100°, with a gaseous medium
containing 1% H, and 99% Ar, a puring gas flow rate of 20 1/h, a sample weight of
15 mg, and a phosphogypsum particle size below 0.1 mm. Calcium chloride and
pitch in quantities corresponding to 0.4 and 1 wt.% of the mixture were used as
intensifying additives. The pitch was a waste product from the sulphuric acid
regeneration of motor oils. The degree of decomposition of samples [2] was
determined as a function of time (¢) through the equation « = 4G,/4G,, using the
recorded thermogravimetric dependences, where AG, = change in mass of the
sample after time ¢, and AG, = ¢t change in mass of the sample after complete
decomposition of phosphogypsum.
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Results and discussion

The thermogravimetric curves presented in Fig. 1 reveal that the change in mass
of the phosphogypsum samples with 0.4% CdCl, and 1% pitch additives (G) at
975° has a better linear character, and the time needed for their complete
decomposition is much less in comparison with that for phosphogypsum samples
without an additive (PG).
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Fig. 1 The change of mass of phosphogypsum samples with and without additives as a function of time
at different temperatures

At temperatures above 1025°, the thermogravimetric curves for phosphogypsum
samples with and without additives coincide, which shows that CaCl, and pitch
accelerate the process only in the range of lower temperatures, 950-1025°.

The kinetic analysis carried out revealed that the kinetic expression for the
process of thermochimical decomposition of phosphogypsum is fitted by the
equation of Polany—Wigner. Figure 2 presents the dependences of the rate constant
of the process on the temperature for the various samples.

It is seen from the Figure that at a temperature of about 1000° there is a deviation
from linearity, as the rate constant changes insignificantly at the higher
temperatures. The fact that the additives studied intensify the process only up to
1000° demonstrates that for this range of temperatures the process proceeds under
kinetic conditions, as the values obtained for the corresponding apparent energies
of activation are 203 kJ/mole for phosphogypsum (PG), 185 kJ/mole for PG with
0.4% CaCl, added, and 154 kJ/mole for PG with 1% pitch added. At temperatures
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Fig. 2 The rate constant as a function of temperature in Arrhenius coordinates
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higher than 1000° a change of mechanism takes place, as the hydrogen diffusion
through the layer of the solid product formed, CaCO, becomes rate-determining.

The investigated additives have an effect both on the kinetics of the process and
on the content of CaS in the final product of phosphogypsum decomposition.
Figure 3 reveals that the effect of the additives is manifested by a decrease of the CaS
content in the solid product, which is most markedly exhibited for the range of

temperatures 950-1000°.

It should be pointed out as a general regularity that the content of CaS for the
samples and conditions investigated decreases when the temperature is raised, but it
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Fig. 3 CaS content in the final product as a function of additives
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does not disappear completely even at as high a temperature as 1100°.

Consequently, the additives studied accelerate predominantly the reaction of
interest in the temperature range 950-1000°.
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Zusammenfassung — Es wurden 1sotherme kinetische Untersuchungen an Phosphogips in Gegenwart
von Zusitzen sowie in reduzierender Atmosphire durchgefiihrt.

Pestome — IIpoBeneHo H3yYeHHEe H3OTEPMHYCCKOH KHHETHKH pasioxeHus docdoranca B raso-
obpa3Hoil BoccTanaBiMBalolIel cpefie # B IPUCYTCTBHH N06aBOK.
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