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A REPORT ON THE REDUCTION OF THE SULPHATE CONTENT OF ACID
MINE DRAINAGE BY PRECIPITATION WITH BARIUM CARBONATE .

The laboratory scale sulphate reduction process, using barium
carbonate, described in this report was found to be uneconomic, due to slow
reaction rates, excessive reagent requirements and impurities in the final

future on these lines,

procucts. No further work is envisaged in the near
however, the use of more intensive mechanical mixing and grinding facilities,

may improve the economics of the process.
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INTRODUCTION
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if the process is to be a: all economical the barium
sulphate precipitate must be pure encugh to be of value to the ceramic
industry because the imported barium cerbonate which costs about
R125 per ton, wi'l be coasumed at about 1,2-2,0 kg per m’ of AMD.

1 this report an azcounl is given of the results
cbrained during laboratery tests on the removal of sulphates from acid
mine drainage and neitralised supernate from AMD.
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SUMMARY

Experiments were conducted to study the feasibility
of precipitating sulphate from acid mine drainage in the form of barium
sulphate. The method was found to be uneconomical as barium carbonate
has to be imported at Ri25/ton while the recovered barium sulphate is
too impure to have a commercial value. The reaction rate is slow and
large reaction vessels will be required. Contamination of the
«fluent with barium also presents a problem.

EXPERIMENTAL

Some Coronaticn Colliery — Kromdraai acid water of
pd 2,6 was neutralised to pH 6,8-7,2 wich solid hydrated lime in a
5-litre beaker at 500 rpm stirring speed.

Another part ¢f ths acid water has been treated with
hydrogen peroxide t> oxidise the ferrous ion to the ferric state.
This was followed by neutralisation with dry hydrated lime as above.

In both cases, the precipitated ferric-ferrous hydroxides were filtered
off.

l1-1itre quantities of the clear filtrate were treated
with barium carbonate in the following way: Stoichiometric and/or
half stoichiometric quantities of finely ground chemically pure barium
carbonate were added to the filitrate stirred at 200 rpm with a paddle
stirrer. Stirring was continued for 1,2 and/or 4 hours respectively.
At the end of these reaction periods, the produced precipitates were
filtered off. The filtrates and precipitates were analysed for barium,
sulphate, calecium, carbonate and iron (See Tables I, III and IV).

In the second set of experiments twice the stoichiometric
quantity of finme barium carbonate powder was added to (a) neutralised

and (b) unneutralised acid water. The mixtures were stirred for periods of
up to 24 hours. {See Table 1I7).
DISCUSSION

As has been menticned in the introduction, the main
aim of the experiment has been the removal of part or all of the
dissclved solids by the slow reacrion between barium carbonate and

calcium/.....
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¢..:ium sulphate (the reaction in the case of unneutralised acid water
was mainly between barium carbonate and sulphuric acid) initiated and
assistad by mechanical agitation.

Good sulphate removal was experienced when twice
stoichiomerric amounts of barium carbonate were used in unneutralised
acid water, The reaction was completed in 6-24 hours, but the supernate
was Lighly contaminated with barium. (See Table 1II). 3arium

cenlimination also occurred in the case of neutralised acid water,

hesigh the completicn of the reaction required only 1-4 hours. (See Table

Using the stoichiometric quantity of barium carbonate,

I1).

sufiicienc sulphate removal was accomplished in a minimum of four hours, but
barium carbonate occlusion was fcund to be high. (See Tables I, III, IV and

V).

When half stoichiometric quantities of barium carbonate
wers added, the reaction as well as the sulphate removal was found to
be incomplete,whilst barium carbonate occlusion was still noticeable.
(See Tables I, III and 1IV).

The results obtained show, that the reaction is only
compleced partizlly, due to the deposition of a barium sulphate/calcium
sulphate film onto an unreacted and thus occluded barium carbonate
particle. The paddle stirrers gave inadequate agitation and could not
break down either the occluded barium carbonate particles or remove the
barium sulphate/calcium sulphate film.

The solubility of barium sulphate is 2,85 mg/l at 30°%C,
equivalent to 1 677 mg/l barium, whilst the solubility of barium carbonate
is equivalent to 3 800 mg/l of barium at 20°C, A tenfold increase in
the barium content of the supernate was noted as soon as the sulphate
remeval ‘reached 90-957. This may have been due to the difference in the
solubility products cf barium carbonate and calcium sulphate. . (Barium
pollution limits of 1 mg/l barium apply in some countries, due to the

poiscnous nature of all scluble barium salts. There is no limit as yet in

South Africa).

The price of barium carbonate at R125/tonne makes it
imperative, that the reaction by-product,i.e. barium sulphate, shall be

chemically/ .....
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. wrically pure for purchase by the ceramic industry. Though some barium
carbonate, calcium carbonate and calcium sulphate impurities can be
tolerated, any iron contamination which makes the colour off-white, is

not permissible. In this set of experiments, all the barium sulphate
precipitates were slightly yellow and contained a high percentage of
unreacted barium carbonate. At this stage no further treatment, like

washing with dilute hydrochloric acid to remove the small iron impurities,
was performed.

CONCLUSIONS

(D Partial sulphate reduction by the barium carbonate method
is possible by the addition of stoichiometric quantities of
barium carbonate to the lime neutralised acid water, if sufficient
mixing is applied over a 4-hour ceaction period.

(2) Twice stoichiometric barium carbonate addition to neutralised
acid water increases the sulphate reducrion rate and the reaction
can be completed in 1-4 hours, but causes barium contaminaction of
the supernate.

(3)  Less than stoichiometric barium carbonate additions give insufficient
reduction of the sulphates.

(4) As the reaction rate is low, unreacted barium carbonate causes barium
contamination of the supernate.

(5 Treatment of unneutralised acid water with barium carbonate is
possible, but the resultant precipitate is also too impure and the
barium contaminated supernate still has to be neurralised with
lime, before discharge to a watercourse.

(6) Without further treatment, the barium sulphate precipitate produced
by all the above experiments, is too impure to be of commercial
value. Therefore, the process is uneconomical.

INVESTIGATED AND REPORTED BY: 7,
L L7
L.E.Kun . ig{7

7

‘4

¢/D.J. BOSMAN
ACTING HEAD:WATER TREATMENT
SECTION
JOHANNE SBURG TABLE I/
NOVEMBER 15th, 1972.
LEK/CvA
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