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SYNOPSIS Calcine is a waste product of the manufacture of sulphuric acid. Once thought
to be chemically inert, the oxidation and leaching of calcine produces a liquid with a high 
pollution potential. In order to regulate the disposal of calcine waste, it is necessary to 
appreciate its pollution-producing mechanism. From.such an understanding, environmental control 
measures and waste disposal site selection criteria can be formulated for calcine disposal.

INTRODUCTION

The deposition of a waste material with an 
inherently high pollution potential requires 
careful planning, design and operational 
control in order to prevent loss of such a 
material or its secondary products to the 
environment. In order to be effective in 
terms of environmental control, the approach to 
waste deposition must be based on a complete 
understanding of the pollution potential of the 
material and the chemistry of the pollution- 
producing mechanism. New disposal facilities 
can readily be based on such an understanding 
but it is often the case that waste deposition 
has continued for many years without an 
appreciation of pollution potential, the net 
result being environmental degradation. It 
therefore becomes necessary to formulate 
remedial measures to combat such pollution.

Calcine is a waste material which, although it 
was once thought to be chemically inert, has a 
high pollution potential. A failure to 
appreciate the chemistry of waste calcine has 
resulted in disposal practice without environ
mental consideration. Calcine has been used 
for surfacing roads and car parks, in the 
construction of embankments and for storm water 
diversion structures in parts of Southern 
Africa. It has also been disposed of by 
surface (above grade) dumping without any 
attempt being made to isolate the waste material 
from the environment.

This paper describes the effects of calcine 
deposition on the environment and considers the 
mechanisms which produce such effects. From 
this consideration, criteria for environmental 
control of existing deposition and design 
parameters for new disposal facilities are 
formulated.

WASTE PRODUCTION

Calcine, or calcined pyrites as it is called 
also, is formed when iron pyrites, (FeSj), is

roasted or burnt at circa 950°C during the 
manufacture of sulphuric acid. The loss of 
sulphur from the pyrites to give sulphur 
dioxide, which is then converted to sulphuric 
acid, leaves a red/brown slag-like residue 
known as calcine. However, because the 
pyrites which is roasted will not be mineralo- 
gically pure and the oxidation process less 
than 100% efficient, the resultant calcine will 
contain a number of possible impurities and 
residues. In many cases the pyrites feedstock 
will contain minor amount of quartz and 
silicate minerals and, perhaps, some chalco- 
pyrites (CuFeS2). After roasting, a typical

calcine would comprise haematite, quartz, some 
magnetite and variable amount of partially- 
oxidised sulphides. A typical analysis of 
calcine is given in Table 1, Okubo, (1967).

TABLE I

Chemical Analysis Of Calcine Waste 
All Values In %

Fe S As Cu Pb Zn
61.1 0.37 0.04 0.49 0.14 0.48

1. Analysis from Okubo, (1967).

However, depending on the efficiency of the 
roasting process, (typical values are in the 
range of 93-97%), the residual sulphur level 
may reach 2%.

It is worth noting that calcine is often not 
considered to be a waste, but a by-product of 
manufacture as it can be utilized in other 
processes. In Japan, for example, as well as 
other countries such as Canada and the United 
States, calcine is extensively used as feed
stock in ironmaking, Okubo, (1967). In South
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Africa, the residual gold content of some 
calcines is sufficiently high to permit the 
removal of the gold. In the latter case, the 
calcine is entrained with the gold tailings 
after extraction and is discharged to a 
tailings dam as waste.

However, there is still a need for disposal of 
calcine as a waste material where circumstances 
prevent its utilization. In this case, it is 
necessary to control its deposition to prevent 
environmental pollution.

POLLUTION MECHANISM OF CALCINE

When calcine is deposited as a waste material, 
it wil] upon leaching produce a liquid with a 
high pollution potential. This liquid - or 
leachate - is shown to have high levels of 
dissolved iron and sulphate together with a low 
pH value. Any process to explain the chemistry 
and formation of a liquid with these characte
ristics must account for the following general 
observations which may be made on examination 
of deposited calcine.

the presence of white and/or yellow 
on individual pieces of calcine

- the removal of these coatings,
leaving the primary red/brown calcine, 
by rainfall

the formation of new coatings sub
sequent to the rainfall event

the continuing generation of low pH 
condition in the leachate from 
calcine, despite leaching of the 
waste by rainfall for many years 
after deposition.

Until relatively recently, it was believed that 
calcine was essentially a fully oxidised, inert 
material with a relatively low pollution 
potential. It was accepted that some iron and 
sulphate would be available for removal by 
solution immediately after deposition but that 
this would be a short term effect. However, 
the continuing polution problem from waste that 
has been deposited for more than 10 years 
requires another explanation. From the 
mineralogy of calcine, it is apparent that the 
material is not completely oxidised as was 
believed and that it is the oxidation of the 
residual, sulphur-bearing components of the 
waste, mainly unburnt pyrites, that gives the 
calcine its long term polluting effects.

The process of oxidation of the residual 
r.ulphur in unburnt pyrites will be similar to 
that discussed in the literature for the 
mechanism of pyrites weathering, Carrucio in 
Goodman and Chadwick, (1979). When exposed to 
the atmosphere pyrites will oxidise to a series 
of hydrous iron sulphates which are normally 
soluble in water. In simplistic form, this 
general reaction is

FeS04 xH20 + 2(H)"1" + S04"“ (1)

It has been observed that yellow and white 
coatings have formed on calcine that is oxi
dised. These coatings are of hydrous iron 
sulphates, similar in general form to the 
product of equation (1). Particular minerals 
that have been identified, Lorenz, (1962), are 
melanterite - white ferrous sulphate - and 
halotrichite - yellow ferric sulphate. Both 
minerals are soluble in water and their 
detailed mineralogy is described elsewhere, 
Dana, (1 958) .

These hydrous iron sulphates are not completely 
stable and can hydrolyse.

FeS04 xH20 + 2H0H ->■

Fe(OH)2 + S04 + (H)+ + H20 (2)

The ferrous hydroxide generated in the reaction 
in equation (2) will be further oxidised to 
ferric hydroxide with the production of more 
hydrogen ions, Stumm and Lee, (1961).

Fe (0H)2 + HOH + Fe (0H)3 + (H)+ (3)

Equation (1), therefore is a possible explana
tion for the continuing process of oxidation of 
the residual pyrites in the calcine. Physi
cally this is thought to be a surface effect on 
the pyrites grains and the iron sulphates 
produced in the reaction will only be removed 
by subsequent rainfall or infiltration on the 
waste. The oxidation process, temporarily 
inhibited by the formation of the observed 
surface coatings, will then proceed once again. 
Such a process might therefore continue over an 
extended period of time.

All three preceding equations can also explain 
the continuing production of low pH conditions 
in any leachate from calcine - i.e. high 
hydrogen ion activity - as hydrogen ions are 
produced in each reaction. Equations (1) and 
(2) have sulphate as a product, explaining the 
high levels of sulphate found in leachates 
while the high dissolved iron levels are 
dependent on the availability of iron coupled 
with the generally low pH conditions which are 
favourable to iron solution, Hem, (1970).

Given that the foregoing explanation of the 
oxidation and leaching of calcine is indeed the 
mechanism for the pollution from this material, 
any successful measures of environmental 
control on existing and future waste deposition 
will have to be based on the following 
principles.

the limitation of the availability of 
oxygen to inhibit the process of 
oxidation of the residual pyrites in 
the calcine

FeS2 + 3 1/2 02 + (x+1 ) H20 -►
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the limitation of the availability of 
water, both to arrest the oxidation 
process and to stop the removal of 
the oxidation products to the 
environment by solution.

ENVIRONMENTAL CONTROL OF EXISTING CALCINE 
DEPOSITS

In addition to the surface disposal by dumping, 
it is noted above that calcine has been used 
for a number of purposes, namely as a wearing 
course on roads and car parks, embankment 
construction and storm water diversion struc
tures. In the case of the water diversion 
structures, there is no real alternative to the 
removal of the material to a properly designed 
and constructed calcine dump. The contact 
with large volumes of oxygen-rich water inter
spersed with long periods where oxidation can 
readily occur will ensure almost ideal con
ditions for environmental pollution.

In the other cases, there are alternative 
remedial measures that may be considered where 
the removal of calcine is financially unattrac
tive. The re-surfacing of roads or car parks 
to cover the calcine and hence limit the 
availability of both water from rainfall and 
oxygen is an option. Provision of adequate 
storm water facilities and general surface 
drainage will ensure that no lateral seepage 
of water is permitted into the calcine via the 
side of the road or car park. In the same 
manner, embankments constructed wholly or 
partially of calcine may also be covered as an 
alternative to removal. However, the majority 
of waste calcine is deposited in surface dumps 
and these provide the greatest pollution threat 
to the environment.

While stability considerations will limit the 
height and side slope of any calcine dump, the 
calcine should be re-graded to reduce the 
surface area to volume ratio. This will 
ensure the minimum surface area is available 
both for infiltration of rainfall and contact 
with the atmosphere. The dump should then be 
covered with inert material or soil, which 
should be preferably compacted both to limit 
ingress of oxygen and to induce surface water 
run-off and hence reduce infiltration.
Further benefit may be gained by encouraging 
plant growth on the dump as this will increase 
water loss by évapotranspiration.

The extent to which surface water and near
surface groundwater control measures are 
appropriate will be dictated by local condi
tions and their design and construction will be 
site specific. However, in areas which 
experience either high surface water run-off 
volumes in storms or generally poor drainage 
conditions, consideration should be given to 
providing surface water collection and 
diversion channels on the upstream sides of the 
deposited calcine to minimise any ingress of 
water to the waste dump. Should near-surfacfe 
groundwater be present, then seepage from the 
calcine may degrade the water quality and hence 
the provision of an interceptor drain, possibly 
combined with a surface water collection 
channel, up hydraulic gradient of the dump will 
limit the volume of water passing under the

dump which may be liable to contamination.

All the remedial measures discussed so far have 
been designed to limit the production of 
leachate from calcine. Generally, the need 
for remedial measures of existing calcine dumps 
is recognised as a result of leachate produc
tion and environmental degradation. It will 
therefore be necessary to consider the inter
ception and collection of water, be it surface 
water or groundwater, should it be contaminated 
sufficiently to prevent its discharge to the 
environment. The quality constraints of such 
discharges will be governed by legislation in 
most countries. It may be possible to treat 
any water collected to improve its quality - 
for example, neutralisation with lime to 
increase pH and precipitate dissolved iron. It 
may also be necessary to attempt to reduce the 
quantity of water collected, possibly by the 
construction of water evaporation dams or re
use of the water in an appropriate production 
process.

The general nature of the above considerations 
emphasises that the design and implementation 
of remedial measures for existing calcine waste 
deposition is site specific. Prior to em
barking on a remedial programme of this nature, 
it is imperative that an integrated site inves
tigation programme evaluating the local geology, 
hydrology, hydrogeology and hydrochemistry has 
identified the particular conditions and 
constraints related to that specific problem.

DESIGN AND OPERATIONAL CONSIDERATIONS FOR NEW 
CALCINE DISPOSAL AREAS

The foregoing discussion has identified many of 
the parameters to be considered in the siting 
and design of new calcine disposal facilities.
It is of utmost importance that the siting of 
the facility should not, in itself, prejudice 
any surface water and/or groundwater, parti
cularly where this resource is utilized.
Often, however, other factors will dictate the 
siting of the disposal facility and therefore 
the design may well be conditioned by these 
circumstances.

Based on the two principles of the limitation 
of oxygen and water availability already dis
cussed, the following measures may be incorpo
rated, where appropriate, in the design of 
calcine disposal facilities and their operation.

isolation of the dump from the water 
regime of the selected site by inter
ception, collection and diversion of 
surface water and near-surface ground
water

limitation of ingress of precipitation 
to the calcine by minimising the site 
surface area, in relation to waste 
volume consistent with stability con
siderations
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Oxidation of Ferrous Iron. Ind. Eng. Chem. 

53,143.

should a liner be used, the provision 
of an underdrainage system on top of 
the liner to collect any leachate 
generated, both to prevent possibility 
of lateral or vertical seepage and to 
reduce the phreatic surface ensuring 
physical stability of the calcine

the compaction of calcine on deposi
tion to limit infiltration, enchance 
run-off of rainfall and reduce the 
void space and volume of entrapped air 
in the waste

the covering of deposited calcine with 
an inert and impermeable cover 
material to promote run-off, reduce 
infiltration and contact with the 
atmosphere. Such material should be 
able to support plant growth, which 
will increase water loss through 
evapotranspiration

the provision of catchment paddocks 
around the base of the disposal 
facility during its operational life, 
to prevent the loss of solid calcine 
by surface wash during storms.

where no seepage from the calcine can 
be tolerated, construction of an 
impermeable liner at the base of the 
disposal facility, either using 
natural materials such as clay or an 
artificial, membrane liner

CONCLUSIONS

Although calcine has a continuing and a long 
term pollution potential, it has been shown 
that disposal of this waste material can be 
undertaken in such a manner as to limit its 
environmental impact by the provision of an 
adequately designed, engineered and operated 
environmental control system based on an 
appreciation of the fundamental pollution 
producing process of the calcine.
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