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Abstract

Due to the development of mines and the high volume of tailings resulting from the processing of
minerals, whose particle size is in the range of microns and mostly contain heavy metals exceeding the
standard, and also considering that the environment is one of the pillars of the sustainable development of
every society. Therefore, mineral waste management is critical to protect the environment. One of the
management strategies to prevent tailings oxidation and the subsequent production of acid mine drainage
(AMD) is the tailings coating method. In this research, static tests were to predict the ability to produce
acidic drainage, and then a column test was to check the performance of the tailings cover in preventing
oxygen penetration and, subsequently, oxidation of the tailings and the production of acidic mine drainage on
the tailings sample prepared from the mine tailings dam. Sarcheshmeh, Kerman was done. According to the
results of static tests, the waste sample with net acid production potential (NNP) equal to -79.42 and the ratio
of acid neutralization potential (NP) to acid production potential (AP) equal to 0.27, in the category of wastes
with potential Acid production was diagnosed. In the column tests, organic coating (municipal sewage
sludge) with a thickness of 7.5 and 15 cm on the tailings and water added based on the amount of monthly
rainfall in the Kerman region in the normal state and double the normal state to the column. The performance
of the used coating was determined by measuring parameters such as pH, oxidation-reduction potential Eh,
electrical conductivity (EC), and the concentration of metals in the collected sewage. Finally, the tailings
with a 15 cm cover of organic matter and the amount of added water based on the amount of natural rainfall
prevented oxygen penetration into the tailings. An acidic effluent with a pH close to neutral was produced.
Also, the concentration of metals in the resulting effluent was reduced.
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1- Introduction

Sulfide and oxide minerals are the principal sources of copper in nature, and most copper is
extracted from copper sulfide minerals [1,2]. In the meantime, the pollution of the water and soil
environment (due to the production of acidic drainage and consequently the increase in the
concentration of heavy metals in the aforementioned environments, which have the potential to
cause adverse effects on humans and living organisms) is the most common in metal sulfide mines
[3]. The main component of tailings from metal sulfide mines is pyrite (FeS2), which is more prone
to oxidation reactions during natural weathering than other minerals, leading to heavy metal release
and AMD formation [4, 5]. Predicting and preventing the production of acidic sewage is the best
management plan to protect the environment and human health against the dangers of acidic sewage
[6,7,8,9]. The best way to reduce the harmful effects of mineral effluents is to prevent the
production or reduce the amount of produced effluents [10]. A classification of acid runoff control
methods presented by Osgosen is divided into: 1) alkali addition technique and reclamation of top
tailings/surplus material and 2) engineered structures technique [12]. In order to prevent the
production of acid mine drainage as well as the release of oxidation products in the underground
water tables, bentonite or special clay coatings can be used on the surface of old tailings to prevent
the oxidation of sulfide minerals and the subsequent formation of acid mine drainage or on new
tailings. It is possible to prevent the infiltration of polluting substances by making a substrate and
covering it [11, 13]. Organic coatings can be used to prevent the release of oxygen in the tailings.
This type of coating can be sewage sludge, urban waste, or other organic materials. The
decomposition of organic matter (C6H1206) by biological action includes aerobic and anaerobic
decomposition. Anaerobic decomposition occurs in nature when microorganisms cannot easily
access oxygen. These organisms need nitrogen, phosphorus, and other nutrients to survive and
create cell protoplasm. During this process, microorganisms reduce organic nitrogen to organic
acids and ammonia. Carbon from organic compounds that are not used in cellular protein. In the
aerobic process, microorganisms use oxygen to consume organic materials and release carbon
dioxide. In organic coatings, the upper layer of materials decomposes in aerobic conditions, while
the lower layers remain in anaerobic conditions. Therefore, organic materials trap oxygen and
minimize the oxidation of the bottom wastes [14]

Using materials obtained from sewage, with the advantage of greatly reducing waste disposal
costs, is an interesting perspective to replace costly conventional methods. Urban sewage sludge is a
waste product obtained from all kinds of urban waste with a composition close to compost. In this
research, the tailings of the Sarcheshme copper complex processing plant are more reactive due to
their fine grain size and higher content of sulfides. They were selected for mineralogical studies,
prediction of acid mine drainage production using static tests, and evaluation of the effect of tailings
coating. Column experiments should study sulfide to prevent these processes by checking different
parameters. The performance of an organic coating in controlling the production of acid mine
drainage was investigated by considering critical parameters such as the amount of rainfall and the
thickness of organic materials (as a coating). Also, in order to carry out mining activities with high
confidence, the feasibility of preventing the production of acidic wastewater by covering
Sarchesmeh copper mine processing tailings using organic materials (urban sewage sludge) on a
laboratory scale to reduce environmental damage was investigated in this research.

Various parameters, such as pH, Eh, EC, the concentration of ions and metals from the collected
effluents, the thickness of the coating, and the amount of precipitation, were investigated to
determine the behavior of the tailings coating in preventing tailings oxidation in column tests.

2- Methods
In this article, the tailings of the Sarcheshme copper complex processing plant, where there is a
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possibility of less oxidation of sulfide minerals and the production of acidic wastewater, were
selected for mineralogical studies and the prediction of mine acid waste production using static tests
such as physical tests. A pH paste test and modified acid-base test were performed.

Column tests for managing mineral sulfide tailings consider essential parameters such as rainfall,
the thickness of organic materials (as a coating), and the performance of an organic coating in
preventing the production of acid mine drainage. In the column tests, the organic material used as a
coating was loaded with 30% (w/w) in two thicknesses of 30 and 60 inside the columns on the
tailings; the total carbon of this material was reported to be about 37.5% by Leco analysis.
According to the studies, heavy metals in this material were also very low. The main inorganic
phases identified using the XRD analyzer were quartz and calcite. The amount of rainfall was also
applied based on the amount of rainfall in the Sarcheshme area of Kerman in two cases, the amount
of natural rainfall and twice the amount of rainfall in different columns.

3- Conclusions
3-1- The results of static tests

The processing tailings used in this study contain 3.5% by weight of sulfur and have a net
neutralization potential (NNP) of -79.42 kg CaCO3/t and an NP/AP value equal to 0.27, which is
obtained according to the interpretation of the test results. Calculating the modified acid-base of the
mentioned waste has the potential for acid production.

According to the Paste pH test results, the pH value after sample preparation was higher than 7,
and this value was reported to be about 8 in the initial tailings. From this, it can be concluded that
the waste is oxidized over time, causing its pH to decrease.

3-2- The results of column tests

The use of organic materials such as urban sewage sludge showed that it is a good solution in the
management of metal sulfide tailings due to the minimal economic dimension (only the cost of
transportation) and also the simultaneous solution of the environmental problem caused by sulfide
tailings in order to prevent the production of acid mine drainage in Tailing dams were determined.
A high-moisture municipal sewage sludge layer is a physical barrier against oxygen diffusion. The
oxygen diffusion coefficient (2-10*2 m2/s) and oxygen solubility (8.6 g/m3 at 25°C) is very low in
the water; creating organic coatings is considered one of the most efficient oxygen limiting factors.
Which are readily available for acid production control measures. Urban sewage sludge with high
alkalinity can neutralize the acidity resulting from the oxidation of sulfide tailings. In addition, due
to the low permeability, the amount of water penetrating the sulfides is limited, so the oxidation of
sulfide materials is significantly reduced. Also, according to the observations, It can be concluded
that lowering the pH causes better drainage. A single layer of urban sewage sludge (having
conditions close to compost) in a polluted area, its physical properties such as density, water
holding capacity, porosity, and stability of aggregates are significantly improved and prefers the
creation of vegetation.
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