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Abstract: Mining is an upstream industry in the supply of industrial raw materials. The large volume of
mine tailings as well as the considerable concentration of toxic pollutants, resulted from mining activities,
cause irreparable damage to the surrounding environment. The leakage of toxic elements from the mine
tailings to the environment is considered as a crucial issue. Therefore, the management of mine tailings is
an important approach to reduce environmental damage. The reuse of mine tailings in concrete industry is
considered as one of the main management techniques to reduce their probable adverse effects. In this study,
the tailings of Sungun copper mine were collected to investigate their applicability in concrete construction
instead of fine-grained materials. The results revealed that the concentrations of copper, arsenic, lead,
chromium, cobalt, and nickel in copper mine tailings were higher than the environmental criteria but less
than the amounts required for economic recovery. Thus, tailings with a grain size of less than 297 um
were used in the construction of two series of concrete samples to replace 50 and 100% of the fine-grained
part of the concrete. Moreover, some experiments including concrete slip, compressive strength, resistance
to chlorine penetration, and TCLP were performed to ensure the applicability of copper mine tailings in
concrete construction. In samples where copper tailings replaced 50 and 100% of fine-grained materials,
the 28-day compressive strength was 32 and 41 MPa, respectively. The compressive strength increased with
increasing replacement rate. According to the results, the highest leachate rates of copper, chromium, lead,
zing, cobalt, cadmium, and arsenic were 21, 2.8, 3.9, 106, 75, 0.39, and 0.82 mg/L, respectively. Thus, it
could be concluded that if copper tailings are used in concrete, the amount of heavy metals leachate will be
reduced to values below the environmental criteria level.

Keywords: Mine tailings, Concrete, Heavy metals leachability, TCLP.
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INTRODUCTION

Mineral wastes are a mixture of materials produced during the recovery of useful and precious minerals
through mineral processing and hydrometallurgical processes, which are not currently valuable [1]. Recent
studies have been conducted to reuse different types of wastes in the construction of concrete. The use of
mineral wastes as a substitute for aggregates in concrete could reduce the use of primary resources for the
extraction of aggregates as well as could stabilize the toxic elements in mineral wastes and reduce the risk
of their release [2].

METHODS

In the present research, the Sungun copper mine tailings were used to replace fine-grained materials in
concrete construction. To identify some of the characteristics of the tailings, the XRF (X-ray fluorescence)
test was performed. Moreover, acid digestion and TCLP (Toxicity Characteristic Leaching Procedure)
tests were conducted to obtain heavy metals content and their potential leachability, respectively. Then the
copper tailings were used to replace 50 and 100% of fine-grained materials in the construction of concrete
samples. The prepared concrete samples were examined for concrete slump, compressive strength, chloride
ion migration resistance (RCMT), and leachability (TCLP).

FINDINGS AND ARGUMENT

The XRF analysis results revealed that SiO2, A1203, Fe203, and CaO were the main aggregate factors
in the copper tailings used in the present study (Table 1).

Table 1. XRF processing of Sungun copper mine tailings by percentage

Si0, 60.9 MgO 1.53
Al20; 17.03 MnO 0.037
Fe,0O; 3.86 SO3 4.5

CaO 2.9 Ti0; 0.4

According to the results (Figure 1), it could be concluded that in alternative samples made of mine
tailings as a substitute for fine aggregates, the compressive strength at the age of 28 days was almost two
times higher than at the age of 7 days, indicating the completion of the hydration process. These results
indicated that the cement hydration process in these samples was delayed, and that C-S-H gel and ettergate
were able to undergo a compressive strength process in the presence of tailings and heavy metals [3].
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Figure 1. Compressive strength of 3, 7, 28, and 90-day samples containing processing wastes as aggregates substitute
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CONCLUSIONS

In the present study, the applicability of copper mine tailings as a substitute for fine-grained materials in
concrete construction was investigated. Since these wastes are accompanied by heavy metals, the amount
of their leachate from the concrete samples was also investigated. The results revealed that the compressive
strength increased with increasing time and replacement rate, meaning that 100% of fine-grained materials
could be replaced by copper tailings. Moreover, the results of leaching tests (TCLP) revealed that the use
of tailings as a replacement for fine-grained materials in concrete samples reduced the leachability of toxic
metals.
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