Chapter 9 Conclusion

Phosphogypsum has to be purified of the harmful phosphorous impurities before it can
replace natural gypsum as a set retarder in Portland cement. The amount of impurities
contained in phosphogypsum depend upon the purity of the raw materials used in the
production of phosphoric acid, the operating conditions of the phosphoric acid process and
the age of the disposed phosphogypsum stockpile. These impurities tend in an
unpredictable way to delay the setting time, and decrease the mechanical strength

development of cement.

The calcium sulphate phase present in the Portland cement mixture will also affect the
setting time considerably, due to the difference in solubility of the different phases. The

calcium sulphate dihydrate form, CaSO,.2H,0, is preferred for use in Portland cement.

The different South African phosphogypsum samples used during this study were found to
contain a significant amount of phosphorous impurities, substituted in the gypsum crystal
lattice. The presence of considerable amounts of calcium sulphate hemihydrate or anhydrite
in some of the untreated phosphogypsum samples could also limit the effectiveness of

phosphogypsum as a set retarder in Portland cement.

The particle size distribution in the South African phosphogypsum samples plays an
important role when the phosphorous impurities are considered, which indicates that sieving
can be applied to remove some of the phosphorous impurities. However, this is not effective
for the purification of phosphogypsum for use in Portland cement, since the amount of
phosphorous impurities, contained in the sieved fractions with fewer phosphorous

impurities, was still too large.

In order to remove more of the phosphorous impurities, a combined thermal and washing

treatment was performed on the respective phosphogypsum samples. A similar method was
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described by Olmez and Yilmaz (1988) as being successful in removing most of the
impurities in Turkish phosphogypsum. Application of this method to South African
phosphogypsum proved not to remove the phosphorous impurities contained in the
phosphogypsum crystal lattice, but was successful in removing some of the water-soluble
impurities. The phosphorous impurities contained in South African phosphogypsum seemed
to consist mainly of phosphorous combined in the gypsum crystal lattice and not water-

soluble compounds.

Jarosinski (1994) described a sulphuric acid treatment method for the recovery of rare
earths from phosphogypsum. Treatment of the South African phosphogypsum samples by
a similar sulphuric acid treatment method removed more phosphorous impurities than the
previous washing treatments, and the treated samples contained mainly the dihydrate form

of calcium sulphate.

The sulphuric acid treatment method was then combined with thermal treatment, and this
method proved to be successful in removing most of the harmful phosphorous impurities
from the gypsum crystal lattice. The obtained gypsum products consisted mainly of the
required dihydrate form of calcium sulphate. This treatment method proved to be the best
for the South African phosphogypsum samples, and a possible explanation for its

mechanism will be discussed.

The amount of foreign ions incorporated in the gypsum crystal lattice largely depends on
the operating conditions of the phosphoric acid process, given by the H,PO, and H,SO,
content of the reaction solution, the temperature, and the supersaturation. The nature of the
precipitated calcium sulphate phase also influences the uptake of foreign ions. Depending
on the temperature and the H,PO, and H,SO, content of the solution, either calcium
sulphate dihydrate, hemihydrate or insoluble anhydrite (3-CaSO,) will be formed, as shown
in Figure 9.1 (van der Sluis ef al, 1986).

The solid lines in Figure 9.1 represent equilibrium curves, but since some of the
modifications are metastable under the given conditions, these lines merely indicate which

phase will initially precipitate. The broken line separates the regions where either dihydrate
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or anhydrite is stable. The dihydrate and insoluble anhydrite are the only thermodynamically
stable forms of calcium sulphate, as the hemihydrate form only exists as a metastable
phase. The influence of H,SO, on the position of the curves in Figure 9.1 can be taken into
account by assuming 1 mol of H,SO, is equivalent to about 1.5 mol of H,PO, (van der Sluis
et al, 1986).

Figure 9.1 The precipitated calcium sulphate phase as a function of the H,PO,
content and temperature of the solution (van der Sluis et al, 1986;

Witkamp and van Rosmalen; 1990)
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The role of H,S0, and H;PO, in the formation of the different calcium sulphate phases can
be explained by the activity of water, as the determining factor in the stability of the three
phases (Witkamp and van Rosmalen, 1986). The three phases contain different
percentages of water, leading to a dependency of their stability on the activity of water. At
higher acid concentrations, the amount of free water, and therefore the activity of water, is
lower. This favours the formation of a more dehydrated phase, namely anhydrite or
hemihydrate with respect to the dihydrate phase. At higher temperatures, water tends to
form looser bonds in the crystal and also in the solution, thus favouring the vapour phase.
This makes calcium sulphate forms which contain less water of crystallization stable at high

temperatures.

165



Chapter 9 Conclusion

From the diagram it is observed that insoluble anhydrite (B-CaS0,) appears to be stable in
the largest part of the diagram, that is above 40°C in pure water, and above lower
temperature levels at increasing acid concentrations. Up to high temperatures and acid
concentrations, however, metastable dihydrate and hemihydrate can be formed in the stable
anhydrite region. This results from the fact that anhydrite growth proceeds very slowly in a
large part of the diagram. Eventually, the metastable dihydrate or hemihydrate phases will
be transformed into anhydrite, but this only occurs with measurable speed at high
temperatures and acid concentrations (Witkamp and van Rosmalen, 1986). It can further
be seen that hemihydrate only exists as a metastable phase. Conversion of hemihydrate
into dihydrate and vice versa can occur by crossing the dihydrate-hemihydrate equilibrium
line, or by bringing dihydrate into a solution which satisfies the metastable hemihydrate

conditions.

Any transition of the three phases into each other is possible in an acid solution, except the
insoluble anhydrite into hemihydrate conversion. This is because hemihydrate can only be
formed in a region where insoluble anhydrite is stable (Witkamp and van Rosmalen, 1986).
The concentration of sulphuric acid used in the combined thermal and acid treatment,

performed at room temperature, favoured the formation of calcium sulphate dihydrate.

There are three distinct types of anhydrite, namely a-, - and y-CaSO,. The first, «-CaSO0,
only exists at temperatures above 1180°C, and is therefore not relevant to this discussion.
The y-CaSO, form, also called soluble anhydrite readily absorbs vapour or liquid water to
convert to the hemihydrate form. Instead, B-CaSO, or insoluble anhydrite, converts to the
dihydrate form through a solution process (i.e. recrystallization). The rate of conversion of
insoluble anhydrite to gypsum is relatively slow and depends on the particle size and
temperature at which it was formed as well as the temperature, composition and pH of the

hydrated solution.

During the combined thermal and sulphuric acid treatment method, phosphogypsum in the
dihydrate form is first changed, in a laboratory oven at 160°C, into the soluble anhydrite (y-
CaS0,) form. When this soluble anhydrite is added to the sulphuric acid solution, immediate

uptake of water in the crystal lattice of the y-CaSO,, to form calcium sulphate hemihydrate
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