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Abstract
The proposed magnesium-barium-oxide process consists of metal removal with Mg(OH)2, magnesium and sulphate
removal with Ba(OH)2 and calcium removal with CO2. The raw materials, Mg(OH)2 and Ba(OH)2 are recovered from
the BaSO4 and Mg(OH)2 sludges that are produced. Laboratory studies showed that metals are removed to low levels.
This includes iron(II), the dominant metal ion in mine water, which is first oxidised to iron(III), whereafter it precipitates as Fe(OH)3 resulting in residual levels of Fe(II) in the mine water of less than 20 mg/ℓ. Sulphate is also removed
to less than 25 mg/ℓ. The final sulphate concentration is a function of the amount of Ba(OH)2 dosed, as the amount of
sulphate removed is stoichiometrically equivalent to the Ba(OH)2 dosage. During CO2-dosing, CaCO3 is precipitated to
the saturation level of CaCO3.
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Introduction
Mining is a significant contributor to water pollution owing
primarily to pyrite oxidation that generates potentially high
levels of acidity, metal ions (mainly Fe), and sulphate (Reaction
(1)) (Barbes and Romberger, 1968):
4FeS2 + 15O2 + 14H2O 4Fe(OH)3 + 8H2SO4			 (1)
South Africa’s Witwatersrand Basin produces 340 Mℓ/d of
mine-water, of which 50 Mℓ/d is produced by the Western
Basin. Most of the underground mining operations in the
Western Basin were closed by 1990. By 2004 the underground
voids were filled by rising water levels and acid water started
to decant at the surface. Contaminated void spaces increase
with time and result in: (a) less water suitable for irrigation of
crops, (b) less potable water available for the growing local
communities, (c) the natural drying up of rivers, and (d) stream
bed losses. The water of mining origin in the Western Basin
contains, on average, 4 800 mg/ℓ sulphate, 800 mg/ℓ Fe(II), 100
mg/ℓ Fe(III), 230 mg/ℓ Mn, 11 mg/ℓ Zn, 18 mg/ℓ Ni, 5 mg/ℓ Co,
6 mg/ℓ Al, 150 mg/ℓ Mg, some radioactivity and 700 mg/ℓ free
acidity (as CaCO3). This acid mine drainage (AMD) source creates a major concern in that the Cradle of Humankind, a World
Heritage Site, is not far from the decant point. As of March
2010, AMD started decanting into the Krugersdorp Nature
Reserve at a rate of between 10 and 60 Mℓ/day, with the possibility of reaching the Sterkfontein Cave System which includes
the Cradle of Humankind, where the earliest known hominid
fossil remains were discovered and where paleontological excavations continue (Zvinowanda et al., 2010).
It is essential that a technically sound and cost-effective solution be found for the acid mine-water problem. South Africa
is water-constrained and also has a mature mining economy
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with numerous mines having closed or in the process of being
decommissioned. Should a solution be found that generates
income, the AMD problem could be solved via economic principles rather than through government intervention by means of
policies and legislated control measures.
Several processes have been considered for sulphate
removal, e.g. biological removal, SAVMIN (etringite) (Ramsay,
1998), ecoDose, reverse osmosis (Chamber of Mines Research
Organisation, 1988), and electrodialysis (Pulles et al., 1996).
Soluble barium salts can also be used for sulphate removal and
have certain advantages in that sulphate can be removed to
specific levels owing to the low solubility of barium sulphate
(Volman, 1984; Maree et al., 1989; Adlem et al., 1991). Soluble
barium salts, such as barium sulphide, barium chloride and
barium hydroxide, are potential candidates for the treatment
regime and can be regenerated at the end of the process.
Kun (1972) studied the removal of sulphate with barium
carbonate (BaCO3). He identified 3 problems: a long retention
time is required; high concentrations of soluble barium remain
in the treated water when excess BaCO3 is dosed over the
required stoichiometric amount; and, the high cost of BaCO3.
Volman (1984) and Maree et al. (1989) overcame the cost problem by demonstrating that barium sulphate (BaSO4) could be
reduced efficiently and economically with coal under thermal
conditions to produce barium sulphide (BaS). This compound
can be used directly for the process or first converted to BaCO3.
Wilsenach (1986) demonstrated the economic viability of the
process by calculating the cost of producing BaS from BaSO4.
Trusler et al. (1988) developed an integrated process which
includes the recovery of BaCO3 and lime. They noted that incomplete sulphate removal with BaCO3 resulted when sulphate is
not completely associated with calcium ions. They overcame
this problem by dosing lime for pre-removal of magnesium as
Mg(OH)2. Maree et al. (1989) have developed a barium carbonate process (a 2-stage, fluidised-bed reactor system) to overcome the other problems identified by Kun (1972), i.e., the long
retention time and the high barium concentration in the treated
water. A disadvantage of the barium carbonate process, proposed
by Trusler (1988) and improved by Maree et al. (1989), is the
formation of a mixed precipitate of BaSO4 and CaCO3. Bosman
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