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iChapter 8 Sulphuric acid treatment of South
African phosphogypsum

8.1 Introduction

Jarosiniski (1994) described a method in which he first leached the phosphogypsum sample
ina 12% (by mass) sulphuric acid solution to recover rare earth elements, followed by a
conversion into the B-anhydrite form of calcium sulphate in a 50% sulphuric acid solution.
The purpose of this study was to investigate the properties of anhydrite cement by using
B-anhydrite obtained from purified phosphogypsum. The procedure he followed to obtain

the purified anhydrite is summarised in Table 8.1.

Table 8.1 Experimental conditions followed by Jarosinski (1994) to purify and
recrystallize anhydrite phosphogypsum

Stage

Parameters : .

Leaching Conversion
Temperature (°C) 40 50
Sulphuric acid 12 50
concentration (% m/m)
Solid/liquid mass ratio 152 1:1
Stirring time (min) 45 120
Standardized mechanical 150 150
agitation, revolution (min™)

Jarosifiski found this method to be successful in removing the undesirable impurities such
as compounds of phosphorous, fluorine and sodium. He claimed that the following

equilibrium process takes place in the direction of CaSO, during the conversion:

H,SO, (aq) + Ca(H,PO,),(s) = CaSO, (s) + 2H;PO, (aq)
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In this chapter, the application of this method to South African phosphogypsum is
discussed. However, the final product to be obtained for use in Portland cement is preferred

to be CaS0O,.2H,0 and not the anhydrite form as required by Jarosifiski’s method.

8.2 Experimental

8.2.1 Samples

Phosphogypsum samples were obtained from two South-African phosphoric acid producers,
Omnia and Kynoch. Batch 1 of both the Kynoch and Omnia phosphogypsum was used for
the initial small scale treatment, while Batch 2 of both phosphogypsums were used for the
large scale treatments and optimization of the method. The samples were dried overnight
at 45°C.

8.2.2 Instrumental analysis
Thermal analysis, Infrared analysis and X-ray fluorescence analysis were done as

described in Chapter 5.2.

8.2.3 Jarosiriski’s method applied to South African phosphogypsum

The method followed by Jarosiriski was adapted for the Kynoch phosphogypsum and Omnia
phosphogypsum samples. Batch 1 of both of the Kynoch and Omnia phosphogypsum was
used. A heater stirrer was used to perform the leaching and conversion steps. A solid:liquid
mass ratio of 1:2 for the Omnia phosphogypsum formed a paste which could not be stirred
by the stirrer. This resulted in using a solid:liquid ratio of 1:4 for the Omnia phosphogypsum
and 1:2 for the Kynoch phosphogypsum. The experimental conditions followed, are

summarised in Table 8.2.
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Table 8.2 Adapted experimental conditions used to purify and recrystallize Omnia

and Kynoch phosphogypsum

Leaching Conversion
EHTAMELETS Kynoch Omnia (Omnia and Kynoch)
Temperature (°C) 40 40 50
Sulphuric acid 32 12 50
concentration (% m/m)
Solid:liquid mass ratio 1752 1:4 1:1
Stirring time (min) 45 45 120
Sample mass (g) 15.0g 15.0g -

8.2.4 Sulphuric acid treatment of phosphogypsum at a larger scale
Batch 2 of both of the Kynoch and Omnia phosphogypsum was used in this study. To be
able to perform cement tests, the above method had to be repeated on a larger scale so that

enough gypsum could be obtained. The method was performed, starting with 300 g of each

of the phosphogypsums.

8.2.5 Optimisation of the sulphuric acid method

Batch 2 of both of the Kynoch and Omnia phosphogypsum was used to optimize the
sulphuric acid treatment method. Optimisation of the method was performed on the following
parameters: temperature, concentration of sulphuric acid, time and solid:liquid ratio. The
optimisation was measured in terms of the least amount of phosphorous impurities present
in the treated samples, as well as the highest amount of calcium sulphate dihydrate. The
aim was also to combine the leaching and conversion stages into one purification step,
since this would be more cost-effective and less time consuming. Table 8.3 describes the

experimental method followed during optimisation.
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Table 8.3 Experimental parameters used for optimisation of the sulphuric acid

treatment of phosphogypsum

Order of Temperature | H,SO, concentration | Time Solid:liquid
Optimisation | (°C) (% m/m) (min) ratio
1 23, 27, 40, 12 60 1:4
51, 60, 69

2 23 5, 10, 20, 30, 40, 50 60 1:4
3 23 5 (Omnia) 155 30,45, <[ 1:4

20 (Kynoch) 60, 90, 120,

180, 360

4 23 5 (Omnia) 30 11 122,

20 (Kynoch) 1:3, 1:4

8.2.6 The optimized sulphuric acid method on a large scale

Batch 2 of both of the Kynoch and Omnia phosphogypsum was used in this study. The
untreated phosphogypsum samples were dried overnigiii at 45°C. Sample masses of 300 g
were used. The samples were stirred in sulphuric acid (5% m/m for Omnia phosphogypsum
and 20% m/m for the Kynoch phosphogypsum) for 30 minutes at room temperature, at a
solid:liquid mass ratio of 1:4. Samples were then filtered and washed with a saturated milk

of lime solution and deionised water, and dried overnight at 45°C.

8.2.7 Sulphuric acid treatment combined with thermal treatment

Batch 2 of both of the Kynoch and Omnia phosphogypsum was used in this study. The
sulphuric acid treatment was combined with thermal treatment by heating the
phosphogypsum samples at 160°C untila constant mass was obtained after approximately
3 hours (i.e. until all the calcium sulphate dihydrate and hemihydrate was converted to the
anhydrite). The samples were then treated in sulphuric acid according to the optimum
method obtained in the optimisation discussed in Chapter 8.2.5. A solid:liquid mass ratio
of 1:4 formed a paste which could not be stirred by the stirrer. It was found that by using a

solid:liquid ratio of approximately 1:10, a manageable paste was formed.
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