Recovery of sulphur and calcium carbonate from waste gypsum
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Abstract
Gypsum is produced as a waste product by various industries, e.g. the fertiliser industry, the mining industry and power stations. Gypsum waste disposal sites are responsible for the leaching of saline water into surface and underground water.
The aim of this investigation was to evaluate a process for converting waste gypsum into sulphur and calcium carbonate. The process evaluated consisted of the following stages: reduction of gypsum to calcium sulphide; H 2S-stripping and
sulphur production. Thermal reduction showed that gypsum could be reduced to CaS with activated carbon in a tube furnace
operating at 1 100 °C. The CaS yield was 96%. The CaS formed was suspended in water to form a CaS slurry. The reaction
of gaseous CO2 with the CaS slurry leads to the stripping off of H2S gas and the precipitation of CaCO3. During batch studies
sulphide was stripped from 44 000 mg/ℓ to less than 60 mg/ℓ (as S).
The H 2S generated in the previous step was then reacted in the PIPco process to form elemental sulphur
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Introduction
Brine and sludge disposal represents a major fraction of the cost
during treatment of mining effluents. Gypsum-rich sludge is
produced during the following water treatment activities:
• Neutralisation of acidic effluents with limestone or lime to
produce gypsum and metal hydroxides (Geldenhuys et al.,
2001)
• Desalination of industrial effluents from the brine when it is
saturated with respect to gypsum (Van Zyl et al., 2000).
Most of the gypsum waste produced by industry is unsuitable
for further use, e.g. production of plasterboard. These stockpiles
create environmental concerns such as airborne dust as well as
effluent problems as gypsum is slightly soluble (2 000 mg/ℓ) in
water. Therefore, a need exists to develop methods to convert
poor-quality gypsum into a useful product, namely sulphur.
Sulphur is an essential raw material for many manufacturing industries such as fertilisers, acids, rayon, steel, petroleum,
insecticides, titanium dioxide, explosives, etc. (Cork et al.,
1986). Catalytic and thermal reduction processes (Rameshni
and Santo, 2005) and biological processes for sulphur recovery
(Maree et al., 2004) are expensive, difficult to operate, have high
fuel consumption and limited ability to control temperature and
side reactions.
As far as the supply and demand for sulphur is concerned,
Africa is a major importer of sulphur (Maree et al., 2005).
Countries like Zambia and the DRC are importing large tons
of sulphur at high cost to manufacture sulphuric acid for the
reduction of oxidised ores. These costs are inflated by the cost
of transportation whilst sulphur is a cheap product. South Africa
alone imports 1.5 m. t of sulphur per year from the Middle East
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and Canada (Ratlabala, 2003). The demand for sulphur is also
expected to increase in line with increased fertiliser usage and
exports (Agnello et al., 2003).
In view of serious shortages of foreign exchange, it is
becoming increasingly difficult for these African countries to
import sulphur. Consequently, industries depending on the use
of sulphur are facing shut-down unless other sources are identified. Most African countries have large amounts of waste gypsum generated by industrial activity. Even the costly sulphuric
acid produced from imported sulphur mostly ends up as gypsum
once used. Gypsum is a good source for the recovery of sulphur
(Wewerka et al., 1982).
The recovery of sulphur and CaCO3 from gypsum is economically feasible. From 1 t of gypsum it is calculated that
0.18 t of sulphur and 0.58 t of CaCO3 can be recovered. From
1 t of gypsum, sulphur with a value of R180 can be recovered
and CaCO3 with a value of R116. The prices of sulphur and
CaCO3 were taken at R1 000/t and R200/t respectively. This
compares favourably with the cost of the main raw material, coal. At a coal to gypsum ratio of 0.3, and a coal cost
of R200/t, the cost of the coal amounts to R60/t of gypsum.
This is significantly less than the combined value of R296
of sulphur and CaCO3. This value would be even higher if
chemically pure CaCO3 were to be recovered. The price of
chemically pure CaCO3 amounts to R3 000/t compared to
the R200/t for waste or mined CaCO3.
The basic steps of the sulphur-recovery process from
gypsum are:
• Reduction of gypsum to calcium sulphide using reducing
agents (Matsuya and Yamane, 1981), for example, coal or
activated carbon (Eq. (1)), carbon disulphide (Eq. (2)), carbon monoxide (Eq.(3)) and hydrogen (Eq.(4))
CaSO 4(s) + 2C(s) 
3CaSO 4(s) + 4CS2(g)
CaSO 4(s) + 4CO(g)
CaSO 4(s) + 4H2(g)

CaS(s) + 2CO2(g)       
 3CaS(s) + 4COS(g) + 4SO2(g)
 CaS(s) + 4CO2(g)
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