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Abstract: The mining industry generates a substantial amount of waste materials, including tailings
and waste rocks, which, if not managed correctly, pose threats to the environment and public health
due to their long-term accumulation and disposal. Simultaneously, the construction sector consumes
important amounts of natural resources like water and rocks. However, research shows that inert
mining waste can serve as a substitute for conventional raw materials in construction, particularly
in concrete. This review focuses on using mining waste as an alternative to concrete technology to
promote cleaner practices in construction and circular economy in mining. Mining waste, with its
physical characteristics and chemical composition, can function as diverse components in concrete,
such as sand, aggregates, and binders. This article assesses these properties and explores their
incorporation into concrete production, aiming to stimulate further research and development, foster
environmentally responsible approaches, and underline the direct link to reaching SDGs to achieve
sustainability in the construction industry.

Keywords: mines waste; recycling; sustainability; concrete; SDGs; circular economy

1. Introduction

During various stages of mining operations, such as extraction, mineral beneficiation,
and processing, substantial amounts of waste are generated. These mining wastes, which
include both solids and liquids, are unwanted and unprofitable byproducts that are typically
deposited near the mines or processing facilities [1]. Some examples are overburdens, waste
rocks, tailing, process by-products, slag, and effluents [2,3]. Due to the production of dust
and the potential leaching of heavy and toxic metals, these wastes pose serious storage
issues on-site and threats to both the health and the environment. Massive amounts of
mine waste are produced annually by mining operations. The Mining, Minerals, and
Sustainable Development Project reports that there are roughly 3500 current mineral waste
facilities around the world, mostly dams and dumps [4]. Global mining generates more
than 100 billion tons of solid waste every year, which presents serious environmental
problems that require effective management techniques [5]. An estimated 4 gigatons of
waste is produced annually from metal mining globally [6].

The growing global demand for construction materials and the rapid expansion of
the mining industry have presented a significant challenge in efficiently managing and
repurposing mining wastes. In response, researchers have dedicated considerable efforts to
exploring the reuse and value-adding potential of mine wastes in the production of con-
struction materials, particularly concrete. These endeavors have shed light on the promising
environmental and economic benefits that can be achieved through such practices.
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Innovative concepts are being created for the management, recycling, and upcycling
of waste in order to implement the principles of circular economy in the mining sector.
Mine wastes have been recycled for several applications that include the removal of metals
from wastewater and the capture of CO2 [7,8]. Additionally, these wastes have been shown
to be new resources in other technologies, such as those of the construction industry,
particularly in the production of building materials like concrete, geopolymers, and bricks
and mortar. The valorization concept is a sustainable method for storing, managing,
recycling, or reprocessing these wastes, improving mining’s environmental performance,
and maximizing its social and economic advantages.

This paper reviews previous scientific studies on using mining waste as substitutes
for traditional concrete materials. The main goal of this review is to identify the possible
challenges and limitations related to the use of mine wastes in concrete. The influence
of factors such as chemical composition and geotechnical properties on the performance
of concrete are explored. Furthermore, the principle of waste recycling is discussed as
an important factor in promoting a circular economy and sustainable development in the
mining industry [9].

2. Methodology

A descending order search was carried out to research mining waste management, and
recycling/valorization/reuse of mining waste in concrete. For this purpose, the authors
selected a sample of more general topics, then carried out more specific searches on that
sample until identifying representative papers. Firstly, the research was performed based
on the parameters <Title–Abstract–Keywords> “recycling, OR reuse, OR valorization,
AND mine AND waste, OR tailings, AND concrete” to cover all the papers related to
the recycling of mining waste in concrete technology. The selected sample period was
between 2002 and 2023. The final sample covered 106 papers including reviews and articles.
To analyze papers on the management of mining waste and circular economy, a second
search was performed based on the same parameters <Title–Abstract–Keywords> “mine
AND waste AND reuse OR valorization OR recycling AND circular AND economy”. The
result was a sample of 134 published articles from 2013 to 2023. In terms of studies from
2002 to 2022, researchers have been more interested in this subject in the last 6 years,
surpassing the limit of 100 published papers. The distribution of published papers by year
and country/territory is presented in Figure 1.
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try/territory (A,B) and by year of publication (C). (KEY 1: “recycling, OR reuse, OR valorization,
AND mine AND waste, OR tailings, AND concrete”; KEY 2: “mine AND waste AND reuse OR
valorization OR recycling AND circular AND economy”) (Scopus data 30 May 2023).

3. Mining Sector between Waste Management and Sustainability

The waste produced by mining could be solid or slurry. Typical waste types are
tailings, waste rock, and slag. Waste is stored and deposited in ponds and dams following
the local legislation on waste management treatment, applicable to each mining area [10].
This is mainly to prevent adverse environmental consequences. However, the stability
of the tailings, acidity generation, and heavy metal release are the main environmental
problems posed by these structures [11].
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Catastrophic tailings dam failures have occurred in several countries, including Spain,
Romania, China, and Brazil [12]. About 277 people died when a dam tragedy occurred
in China in 2008 [13]. While the Vale iron tailings dam accident claimed the lives of
206 individuals in 2019 [4]. Additionally, the leaching of contaminants from waste rock
and tailings results in serious human health concerns and environmental issues. A major
problem with mining is acid mine drainage (AMD), which releases a huge quantity of
sulfates, iron, and heavy metals. This phenomenon has a negative effect on groundwater
quality and restricts how much water can be used downstream. While the expense of
remediation for this continues to be high—approximately USD 1.5 billion each year [14].

Various mine waste disposal techniques are investigated, including conventional
disposal, waste reuse, recycling, and reprocessing, as well as proactive management within
the context of the United Nation’s SDGs and the implementation of the Paris Agreement.
Recycling mining wastes is quite compatible with green technologies when considering
low-carbon applications that adhere to the SDGs. By reducing waste output, mine tailings
valorization contributes significantly to SDGs 11 (Sustainable Cities and Communities) and
12 (Responsible Consumption and Production). The current approach to managing mining
waste is a linear system of “take-make-waste”. To address the problems of environmental
pollution and waste minimization while generating financial gains, the mining sector must
implement the circular economy model.

In conclusion, the recycling of mine waste within the construction industry stands as a
testament to the interconnectedness of the Sustainable Development Goals. By addressing
environmental concerns, fostering innovation, promoting responsible consumption, and
creating economic opportunities, this practice exemplifies a comprehensive approach
towards achieving a more sustainable and resilient future.

4. Concrete Industry and Environmental Challenges

Recent population growth, urbanization, industry, and globalization has increased
society’s needs for clean water, clean air, safe transportation, and natural energy sources
for public, industrial, and residential buildings [15]. Concrete, one of the most largely
used building materials, requires enormous amounts of natural resources including sand,
stone, and gravel, in addition to causing carbon emissions and energy usage. Both coarse
and fine particles comprise ~60 to 75% of the overall volume of concrete [16]. Since 2019,
the worldwide demand for concrete aggregates has increased by ~5.2% yearly, reaching
51.7 billion metric tons, with China continuing to be the world’s largest user, accounting for
nearly half of the demand [17]. As a result, aggregates have a considerable impact on both
the sustainability of structures and the environment. The concrete industry needs to change
its focus to implement environmentally friendly and highly sustainable technology [16].
The use of natural resources improperly can lead to a high level of pollution, which can
be balanced against the need to maintain human life and the planet’s ecosystem. Due to
the threat to the way of life posed by environmental contamination and the loss of natural
resources, a viable solution must be found.

To balance the economic, social, and environmental effects of the expanding human
population, efforts for sustainable development and environmental preservation are re-
quired. Global warming, an elevation in the average temperature of the Earth’s atmosphere
and seas as a result of the accumulation of greenhouse gases in the atmosphere, is one of the
most interesting problems facing industries. While the world’s concrete infrastructure is
still expanding, research proposes the use of waste from other industries as a substitute for
raw materials. This could be a productive way to produce eco-friendly building materials
with low embodied energy and low CO2 emissions in order to achieve circular economy
goals. Mine wastes are regarded as a sustainable supply of substitute materials for use in
buildings. These wastes are turned into clinker, bricks, aggregates, mortars, concrete, and
geopolymers and used as raw materials [18].
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5. Properties of Mine Waste as Secondary Resources in Concrete Production

Several wastes have been used in concrete production including iron, copper, gold,
coal, phosphate, and others. To obtain a better understanding of the chemical composition
of different mine waste types, the collected data were projected onto four ternary plots
alongside different types of mine wastes used for concrete from the literature presented
in Table A1 (Appendix A). The data were projected onto four configurations ternary plots
(SiO2/Al2O3/CaO), (SiO2/Al2O3/MgO), (SiO2/Al2O3/Fe2O3), and (CaO/MgO/Fe2O3),
which were chosen to represent the main chemical components of all mine wastes (Figure 2).
It can be observed that SiO2 and Al2O3 content do not vary drastically among all mine
waste types in comparison to other component contents (CaO, MgO, and Fe2O3). Most mine
wastes are situated in the range of high SiO2 content (60–100%), low Al2O3 and CaO content
(Figure 2a), low MgO content (Figure 2b), and low Fe2O3 content (Figure 2c). However,
some exceptions that are related to the nature of the mine waste source can be detected in the
three plots, such as in the case of limestone wastes in the (SiO2/Al2O3/CaO) plot, indicating
a very high CaO content for limestone wastes with very low Al2O3 content. The same
conclusion could be applied to chromite and limestone wastes in the (SiO2/Al2O3/MgO)
plot and to copper mine tailings in the (SiO2/Al2O3/Fe2O3) plot. On the other hand,
the mine waste projected dots are clearly scattered all over the (CaO/MgO/Fe2O3) plot
(Figure 2d), which means that the content of those three components may vary from one
mine waste type to another.
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As a matter of conclusion, a mine waste is very likely to serve as aggregate for concrete
if its SiO2 content ranges from 60% to 100%, and its Al2O3 content ranges from 0% to 40%,
despite its CaO, MgO, and Fe2O3 contents. This affirmation points out that the SiO2 content
is a key element for mine waste materials to be used in the concrete industry, which is very
reasonable where a higher SiO2 content can be translated to a higher aggregate strength
leading to higher concrete strength. On the other hand, mine waste materials have been
used to produce different concretes with different target strengths ranging from 0.25 MPa
to 151 MPa (Figure 3a), using different w/c ratios depending on the desired application
(Figure 3b).
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studies in terms of (a) compressive strength and (b) w/c ratio [19–38].

Mine waste and tailings were mostly used as FA and CA in concrete, as shown in
Table A1 (Appendix A). For this reason, studying their physical and geotechnical properties
remains important as it strongly affects the strength of the produced concrete. These
properties vary from FA to CA. As shown in Table 1, the most important properties for
defining the quality of CA are the Los Angeles (LA) and Micro Deval (MDA) coefficients,
flakiness index, and water absorption, while for FA it is necessary to evaluate the water
absorption and fineness modulus. Moreover, the LA coefficient varies from 17% for gold
tailings to 41% for phosphate waste rocks, giving compressive strengths of 41 MPa and
15 MPa, respectively [19,20]. Thus, as LA and MDE increase, the mechanical strength
of concrete decreases. In addition, water absorption is a key parameter that influences
the strength of concrete. The high water absorption of the aggregates causes a decrease
in paste workability. [39]. Moreover, to compensate for this absorbed water in the mix
design, a higher W/C ratio is required, leading to high workability that could produce
the segregation of concrete. In the hardened state, the concrete is more porous, decreasing
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the mechanical strength and increasing the permeability. [40]. Iron ore tailings present the
highest water absorption of 11%, giving a compressive strength of 22 MPa [41]. However,
limestone waste has the minimum water absorption of 0.16%, requiring a w/c ratio of 0.65,
which leads to good workability (130 mm) and, thus, a strength of concrete of ~42 MPa [21].

Table 1. Geotechnical and physical properties of mine waste used as aggregates in concrete.

Mining
Waste Usage Grading,

mm
Flakiness
Index, % LA, % MDA, %

Surface
Cleanli-
ness, %

Water Ab-
sorption,

%

Bulk
Density,

T/m3

Fineness
Modulus Ref.

Iron ore
tailings

CA 12.5–20 10 30 29.42 - 11.00 2.50 - [41]

FA 0–4.75 - - - - 8.50 2.78 2.50
[42]

CA 9.5–19 - - - - - 2,85 -

Gold mine
tailings

FA 0–5 - - 17.10 - 2.20 1.77 3.08
[20]

CA 5–20 - 17.30 12.6 - 0.70 2.73 -

CA 20 - - - - 0.70 13.77 - [22]

Limestone
CA - 25.60 19.55 12.13 - 0.16 2.73 - [21]

FA - - - - - 2.98 2.70 2.68 [23]

Phosphate
waste

CA 10–25 9.80 41 43 2.60 5.20 - - [19]

CA 6.3–15 14.30 19 9.80 0.40 1.57 1.42 - [24]

CA 12.5–25 7.90 19 9.80 0.30 1.68 1.38 - [24]

6. Properties of Mine Waste-Based Concrete

The construction sector is a huge contributor when it comes to natural resources
consumption. Concrete is the second most widely used material on Earth after water. It is a
composite material consisting mainly of cement, water, and aggregates. These ingredients
are directly or indirectly extracted from the Earth’s crust, and the increase in demand for
these materials has been growing over time since the use of concrete is becoming very
extensive. Indeed, it is imperative that global attention be directed towards identifying
alternatives to natural resources. This is a crucial step in averting the complete exhaustion
of the Earth’s crust.

Many solutions have been sought for this problem, but the use of mining-related
wastes remains the most promising concept to solve this issue. The use of mine wastes in
construction applications such as mortars and concrete offer several significant benefits,
from economical to environmental aspects, including durability-related properties. The
European Commission, in its Roadmap for Resource Efficiency, has drawn up requirements
that, by the year 2020, waste will be managed as a resource [43]. Furthermore, mining ac-
tivities generate more and more solid wastes during mining, processing, and metallurgical
processes, which include mainly waste rock, tailings, and slag [44]. This nomenclature is
relative to the specific process step in which the waste is generated as shown in Figure 4.
However, this industry gives birth to important environmental issues and ecological disrup-
tions such as underground water contamination and acidic drainage [45–47]. In the context
of sustainable development, alternative approaches for both mine waste management
and the reduction in environmental problems related to the production of construction
materials were studied. Much scientific research has been conducted recently on the use of
mining wastes in concrete in different forms (fillers, fine and coarse aggregates) destined
for a variety of concrete usages.
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Also, the metric analysis of the literature based on Scopus data shows multiple works
dealing with the recycling of various mine waste types in the concrete industry that are
plotted according to the year of publication in Figure 5, and it shows a higher number of
publications in terms of all of mine waste types this last decade. In addition, the recycling
of IOT in concrete has been extensively studied, according to the number of publications,
while publications dealing with the recycling of phosphate mine waste in concrete are
less common.

Buildings 2024, 14, x FOR PEER REVIEW 8 of 21 
 

while publications dealing with the recycling of phosphate mine waste in concrete are less 

common. 

 

Figure 4. Mineral extraction from mining to metal. 

 

Figure 5. Number of scientific publications overtime for different types of mine wastes and tailings 

(Scopus data accessed on 30 May 2023). 

6.1. Iron Ore Tailings (IOT) 

Several studies discussed the use of iron ore wastes and tailings, yet recent research 

proved that IOT has a beneficial impact and can be used as geomaterials for concrete. 

Yellishetty et al. (2008) conducted a study about the possibility of reusing IOT as a com-

plete substitution of CA for concrete [41]. The IOT-based concrete indicated good worka-

bility settings and a higher UCS of 22 MPa compared to the reference (20 MPa). In 2011, 

Tian et al. investigated the effect of natural FA and CA substitution by 36% and 54% IOT 

FA and CA, respectively, in the construction of hollow concrete blocks [25]. The results 

showed that the superfine slag in the tailings has a powder effect and can positively affect 

the concrete strengths by filling the pores and gaps between aggregates, making it more 

packed. A UCS of 58 MPa was reached with a w/c of 0.7. Other researchers [26,48,49] con-

firmed that the use of IOT may cause a decrease in concrete workability and an increase 

Figure 5. Number of scientific publications overtime for different types of mine wastes and tailings
(Scopus data accessed on 30 May 2023).

6.1. Iron Ore Tailings (IOT)

Several studies discussed the use of iron ore wastes and tailings, yet recent research
proved that IOT has a beneficial impact and can be used as geomaterials for concrete.
Yellishetty et al. (2008) conducted a study about the possibility of reusing IOT as a complete
substitution of CA for concrete [41]. The IOT-based concrete indicated good workability
settings and a higher UCS of 22 MPa compared to the reference (20 MPa). In 2011, Tian et al.
investigated the effect of natural FA and CA substitution by 36% and 54% IOT FA and CA,
respectively, in the construction of hollow concrete blocks [25]. The results showed that
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the superfine slag in the tailings has a powder effect and can positively affect the concrete
strengths by filling the pores and gaps between aggregates, making it more packed. A UCS
of 58 MPa was reached with a w/c of 0.7. Other researchers [26,48,49] confirmed that the
use of IOT may cause a decrease in concrete workability and an increase in w/c ratio due to
the high water absorption of IOT [50], which is related to the particles’ surface texture.

Feng et al. studied the effect of using IOT as FA and CA as a complete substitute for
natural aggregates on the drying shrinkage in two types of concrete (30 MPa and 60 MPa
target concretes; C30 and C60) [42]. They concluded that the drying shrinkage of both types
of IOT concrete was lower than the control, whereas C60 concrete showed higher values
than C30 for both IOT and control. Later, in 2011, Liu et al. tested the feasibility of using
IOT instead of natural sand to produce sprayed concrete [27]. The experimental plan was
to test the effect of the substitution by 20%, 40%, 60%, 80%, and 100% IOT content. The
results showed that the IOT-sprayed concrete indicated good workability settings as the
slump reached a maximum value of 130 mm for a 20% substitution ratio, 45 min of initial
setting time, and a rate of resilience below 10%. On the other hand, the substitution ratio
affected the UCS of the concrete, as it exceeded the 40 MPa limit by 20% and 40%, but with
the increase in the substitution ratio (60% and 80%), the UCS decreased to reach 35 MPa
and 32.2 MPa, respectively. The authors concluded that the 20% ratio is the optimal value
of substitutions where concrete showed interesting behavior in fresh and hardened states.

The use of IOT in concrete can bring about an improvement in terms of strength
and even workability by using the optimal ratio, but it also increases the specific density.
Gayana et al. suggest that in order to reduce the density, some additives like perlite and
rubber can be added to the mix [51]. In 2023, iron–sulfur tailings were used as aggregates
for producing porous-insulation concrete [52]. The authors proved that the average thermal
conductivity was 0.7045 W/mK at 28 days. The average strength at 28 days was 5.20 MPa,
while the average density was 1327 kg/m3.

6.2. Gold Mine Tailings (GMT)

Gold mine tailings contain mostly sulfides, which can react with the water and air and
cause severe environmental impact (acid mine drainage). Benarchid et al. carried out a
study with the aim of assessing the effect of the complete replacement of natural FA and
CA in concrete [28]. It was proven that GMT from a gold mining site in Quebec consists of
46% coarse material similar to the conventional CA and the remaining fraction is mainly
FA. The results showed that the GMT concrete has better workability parameters as the
slump of GMT concrete was 25 mm higher compared to the control, and this is because
of the presence of a higher fine content in the waste rocks. It was observed that the GMT
concrete reached the same UCS compared to the control at 28 days (~35 MPa). They also
confirmed that this concrete was under the limits when it comes to the leaching of heavy
metals and sulfate (Figure 6).

Pyo et al. conducted a study on the effect of the half and complete replacement of silica
powder and sand by GMT produced in South Korea in order to produce UHPC [29]. The
authors investigated different characteristics with tailings including the UCS, workability,
and leachability of toxic elements. In general, this study demonstrated the promise of
tailings to replace silica powder and sand in UHPC. It was concluded that the use of
those tailings decreased the workability of formulated concrete due to the existence of
platelet-shaped particles interlocking with each other. The authors linked the TCLP results,
which are below the regulatory standards, to the higher content of cement in UHPC,
leading to an improvement in the bonding of the toxic elements with hydration reaction
products. In another study by Taha et al., the leaching behavior assessment of Canadian
GMT-based concrete was evaluated [22]. The authors concluded that waste rocks did not
generate acidity for raw and washed wastes. Other TCLP results showed that the leaching
of contaminants from mine waste rock usually presents low concentrations compared to
the required limits (Figure 7). Tank leaching tests (TLTs) demonstrated that the studied
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samples present the leaching of sulfate and heavy metals under the limit required by the
Soil Quality Decree.
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In 2022, Garcia-Troncoso et al. studied the substitution of natural FA in concrete by
gold tailing with different percentages from 5% to 100% replacement [53]. The results
indicate that concrete made of 5% tailings allows a strength of 21 MPa similar to the
conventional concrete. When increasing the amount of replacement, the strength decreased
significantly to 8 MPa when 100% of mine tailings were used. In addition, gold mine
tailings were employed to fully substitute river sand in pavement concrete formulation [54].
Their results showed that the measured compressive strength was 27 N/mm2 at 7 days
of curing.

6.3. Copper Mine Tailings (CMT)

Copper tailings are produced during the metallurgical process of copper extraction.
The effluent pH may imply contamination from this type of waste, resulting in environ-
mental issues because of toxic elements and heavy metals, which can be very hazardous
to the environment if not controlled [55]. Fisonga et al. tested the performance of natural
FA-replaced concrete samples using CMT [30]. The authors tested FA substitution at 30%,
50%, 70%, and 100% and assessed the UCS variation in relation to the substitution ratio
(Figure 8). The results indicated a peak of UCS reaching 36 MPa with 30% replacement.
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Recently, Lam et al. used CMT from a Chilean copper mine as FA to elaborate concrete
paving stones [56]. The experience plan was to evaluate two FA substitution ratios (7% and
15%) with a fraction lower than 0.075 mm. In conclusion, the authors confirmed that the
use of CMT at 7% replacement is the most beneficial, as it increases strength by 9% more
than the 15% substitution ratio. On another hand, it was observed that the use of CMT FA
increases water consumption as well as the w/c ratio, which is due to the excess in the CMT
fine content. In other studies, a remarkable increase in concrete density has been identified
when CMT is incorporated into the mixture with a given replacement fraction in mortar or
concrete, and thus, it can be effectively used for radiation shielding. [57,58].

Benahsina et al. evaluated the replacement of natural sand with copper waste rocks
for concrete C25 production. The work studied 50% and 100% replacement compared to
conventional concrete [59]. The results showed that the copper waste rock is composed of
42 wt.% SiO2 as a major oxide with the presence of Al2O3, CaO, and MgO. The mechanical
behavior demonstrated that using 100% copper waste rock leads to a compressive strength
of 32.5 MPa at 28 days more than the required strength of 25 MPa. In addition, the density
of this specimen is more important than the conventional concrete at 28 days. Furthermore,
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copper tailings were valorized as sand for the formulation of high-strength concrete [60].
The results indicated that using a 60% replacement of natural sand leads to a compressive
strength of 85 MPa and a flexural strength of up to 12.5 MPa.

6.4. Phosphate Mine Wastes

The phosphate mining industry generates huge amounts of waste rocks and tailings
through different extractions and beneficiation operations [61–63]. In terms of phosphate
production, China is currently reaching ~46% of the world’s production, and Morocco is in
second place with 15% of the world’s production [64]. The total estimation of phosphate
mine waste generation in Morocco accounts for more than 100 Mt/year for waste rocks, and
more than 15 Mt/year for tailings. Despite the huge amounts that this industry generates,
the valorization and recycling research dealing with this type of mine waste remain scarce.

In 2011, Ahmed et al. investigated the recycling of over-screen rejects produced
from upgrading phosphate ores from Egypt as CA in the concrete mix [31]. The authors
concluded that the physical and chemical properties of phosphate aggregates are the same
as the natural aggregates used in conventional concrete. Moreover, they obtained concrete
with an average of 240 kg/cm2 (~19 MPa) of 28 days UCS, acceptable for ordinary buildings
in local communities around the mining areas. In addition, the authors suggest that this
approach can be helpful to overall critical environmental issues for the phosphate industry
in Egypt.

Furthermore, recent studies begin to emerge in 2020 and 2021, dealing with the
recycling of Moroccan phosphate mine waste as CA in concrete. In 2020, El Machi et al.
studied the feasibility of using the stone-removal rejects from the pre-processing step
as a complete replacement of CA in concrete [19]. The authors carried out a naked-eye
petrographic recognition of the different lithologies in those materials and suggested
that this type of waste rock consists mainly of limestone, flint, and marl with respective
proportions of 49.5%, 28.2%, and 22.3%. This conclusion is consistent with the XRD patterns,
showing peaks corresponding to quartz, dolomite, and fluorapatite phases. The authors
tested the phosphate-based concrete performances and concluded that this concrete did
not reach the required compressive strength of 25 MPa, as it showed an average UCS
of 15.2 MPa after 28 days of curing. However, the authors suggested that this type of
phosphate waste rock could be used as a replacement for natural CA to produce concrete
for usages that will not require a strength of 25 MPa, and it can be beneficial to use it for
pavement and enclosure walls for the mine and its surroundings.

In 2021, El Machi et al. investigated the feasibility of using flint from phosphate mine
wastes as a complete replacement for CA in concrete [24]. The chemical and mineralogical
analysis of this type of waste rock revealed higher SiO2 content (92%) corresponding to
the quartz phase presented by a major peak in the X-ray diffraction pattern. Moreover, the
geotechnical characterization of aggregates showed better performances for flint aggregates
compared to the control aggregates. Consequently, the flint-based concrete indicated very
good strength performance, reaching an average UCS of 29 MPa after 28 days of curing.
In conclusion, the authors claimed that this type of phosphate mine waste could be used
successfully to totally replace the natural aggregates in concrete. Figure 9 is a summary of
the results presented in the literature dealing with the recycling of phosphate mine waste
as aggregates in the concrete industry.

Recent studies by Safhi and colleagues have explored the innovative uses of phos-
phate mine waste products in sustainable construction materials. In their 2022 papers, they
demonstrated the potential of these waste rocks and by-products in creating environmen-
tally friendly construction binders and cement [3]. One study highlighted the development
of a blended binder using marl from phosphate mines, suggesting a valuable application in
reducing environmental impact [65]. Another paper detailed the synthesis of low-carbon
clinker from phosphate mine waste rock and phosphogypsum, showcasing its superior
early compressive strengths compared to traditional Portland cement [66]. These studies
collectively underscore the feasibility of utilizing industrial by-products in construction
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materials, contributing to sustainability in the building sector while addressing waste
management challenges.

1 
 

 
Figure 9. Summary of the collected data from papers dealing with the recycling of phosphate mine
wastes in the concrete industry (A) in terms of aggregate properties and (B) in terms of concrete
performance [19,24,31].

6.5. Other Mine Wastes

Zemlyanskiy et al. tested the use of a derivative of coal mine wastes (Agloportie) as a
complete replacement for sand and gravel in B5 concrete (target concrete of 5 MPa), and
with a 68% replacement of sand and gravel in B15 concrete (target concrete of 15 MPa) [67].
The results showed that the w/c ratio increased within the increase in the replacement ratio
(0.9 for 100% and 0.57 for 68%), which can be related to the relatively high-water absorption
of the waste material. This directly affected the UCS, as the concrete strength decreased
with the increase in the replacement ratio. However, the results remain promising and
exceed the limit strength of each concrete target (7.8 MPa for B5 and 21.2 MPa for B15).
Later in 2017, Bryenton et al. tested the use of coal waste from the United States as CA,
which resulted in a UCS of 13.7 MPa at 28 days [68]. Eventually, the potential use of coal
mining waste rocks as recycled aggregate in concrete was assessed by Thang et al. in 2021.
The authors claim that the used coal mine waste rock was suitable for producing concrete
with more than 30 MPa of compressive strength [69].

Different studies suggest the usage of chromite wastes or graphite tailings as fine
aggregates for foam concrete. Kilinçarslan et al. studied the usage of chromite wastes as
FA for foam concrete with a complete and half replacement ratio while setting the w/c to
0.42 for both mixtures. [37]. The results indicated that the UCS of foam concrete reached
2.25 MPa within a 100% replacement with the addition of an extra 80 kg/m3 of limestone
powder. The UCS of the 50% replacement foam concrete reached 0.25 MPa. On the other
hand, the complete replacement of chromite wastes had a better effect on the thermal
conductivity than 50% replacement but was still lower than control.

Wang et al. carried out research on the effect of the use of graphite tailings as a partial
replacement for FA in order to produce foam concrete [32]. During their experience plan,
they decided to set the replacement ratio as 70%, with a w/c of 0.3. The graphite tailings-
based concrete reached a UCS of 4 MPa at 90 d. They concluded that this type of waste
had more benefits when used as foam aggregates. The effect of tungsten tailings usage
as a half and complete replacement of FA as a substitute for silica powder and silica sand
in UHPC was studied by Pyo et al. [29]. In order to correctly assess the UCS variations
and workability settings, the w/c ratio was set to 0.25 in all mixes. The main conclusions
were that both the half and complete replacement of silica powder generated a UHPC with
a medium workability level. The UCS indicated that half replacement is more beneficial
than complete replacement as the UCS decreased slightly with the increase in the tungsten
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tailings in the mixture (120 MPa for the 50% and 115 MPa for the 100% replacement of silica
powder). On the other hand, good workability settings have been witnessed with both the
half and complete replacement of silica sand. Similarly, the UCS of the produced concrete
was 133 MPa for both half and complete replacement, which means that the substitution of
the silica sand by tungsten tailings can be carried out at 100% in order to recycle more of
the tailings.

The influence of the use of this type of waste in concrete on the durability and proper-
ties of SCC has been discussed by Jankovic et al. [26]. The authors proceeded to a partial
replacement of FA by 10% and 20% because test results showed no pozzolanic activity. The
w/c ratio was set to 0.51 and the produced concrete indicated higher UCS values than the
reference for both replacement ratios at 28 days of age (~67 MPa for 10% and ~66 MPa for
20%). The investigation of SSC with both replacement ratios with tailings showed good
results for frost resistance. It was concluded that this type of tailing can be used to partially
replace FA in SCC while keeping most of the concrete’s properties. Valente et al. established
an inventory of Mn mines in the Iberian belt and gave an evaluation of the mine wastes as
potential resources for concrete production [70]. As a result, 149 abandoned Mn mines were
counted scattered all over the Iberian belt, with 235 ha of land surface which are affected
by the mining of manganese. The authors affirmed that these tailings had a total volume of
~1.20 Mm3, and it represents chemical and physical properties which make it a possible
source to be used as filler for structural and bituminous concretes.

In 2014, Salguero et al. put the focus on recycling manganese gangue materials from
those waste dumps as filler for concrete production [33]. They used material with particle
size lower than 63 µm as filler with a 20% replacement ratio while setting the w/c ratio to
0.44. The new mix indicated higher a UCS (56 MPa) than the reference concrete (41 MPa).
They demonstrated that the gangue material gives better properties to the concrete, and
it allows the reduction of the amount of cement used in in situ safety barriers in road
construction. Carvalho et al. 2022 studied the use of quartz mining waste was used as
aggregates in concrete formulation [71]. The authors claimed a UCS of the quartz concrete
of ~27 MPa. They evaluated the cost related to the production of quartz residue-based
concrete, and they revealed a decrease of 49% when using this kind of waste.

6.6. Mine Wastes-Based High- and Ultra-High-Performance Concretes

Mine wastes have been demonstrated to be viable alternatives to fine aggregates and
fillers in ultra-high-performance concrete (UHPC) production. UHPC is characterized by a
UCS of over 120 MPa, exceptional durability properties, and a very low lower porosity [72].
The selection of materials is very important for obtaining these properties, such as the
use of a high cement content (800–1000 kg/m3), the use of fine silica sand as FA, and an
important quantity of filler or supplementary cementitious materials such as silica powder
or silica fumes [73]. The mixture proportioning method is also important for obtaining the
optimization of the packing density of particles and producing a minimum porosity, with a
w/c ratio in the range of 0.15–0.25 [74]. Particularly, FA with particles such as silica sand
and fillers such as silica powders constitutes an important portion of UHPC mixture in
addition to OPC. On the other hand, mine tailings can be in this particle size range, which
encourages their reuse as a replacement for either FA or fillers. The valorization of mine
tailings in UHPC has received increased interest for two main reasons: it reduces its huge
cost and important carbon emissions as well as the possibility of the solidification of heavy
metals [75–77]. Iron ore tailings, gold mine tailings, copper tailings, and fluorite mine
tailings have been used as replacements for fine particles for the production of UHPC. Pyo
et al. substituted quartz powder and quartz sand with GMT and tungsten mine tailings [29].
The complete replacement of silica sand with tungsten mine tailings produced UHPC with
a similar workability and UCS compared to the control: a flow equal to 200 mm and a
28 days UCS equal to 133 MPa. Both half and complete replacements of silica powder
have generated a UHPC with a medium workability level. The UCS indicated that half a
replacement of silica powder is more beneficial than a complete replacement as the UCS
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decreased slightly with the increase in the tungsten tailings in the mixture (120 MPa for
50% and 115 MPa for 100% replacement). The decrease in flowability was explained by the
particle size, the packing density, and the shape of tailings that increased the water demand.
Iron ore tailings were used as a substitute to natural FA to produce UHPC by Zhao et al. [78].
The substitution of silica sand with a 40% of IOT produced comparable UCS to the reference
UHPC. When the substitution ratio was equal to 100%, the UCS decreased from 104 MPa to
92 MPa and the flowability was lower. This decrease was explained by the water added to
the mix having an adequate flow diameter because these IOT have a higher specific surface,
angular and irregular shape, and finer particle size distribution. Fluorite mine tailings have
been used as a replacement for silica sand in UHPC by Suárez González et al. [79]. The
slump and the UCS are comparable to control mixture at a complete substitution ratio,
but the substitution ratio of 70% is recommended to obtain similar tensile and flexural
strengths. These fluorite tailings exhibited favorable particle size and shape properties
which increased the packing density and reduced the water demand.

High-performance concrete (HPC) is characterized by a 28 days UCS superior to
55 MPa and a higher slump value superior to >200 mm compared to conventional con-
crete. HPC usually contains strong and hard crushed aggregates [80]. On the other hand,
stone mining discards high-quality rocks that can be substitutes for aggregates in HPC
production. Granite cutting wastes were used in FA and CA to produce high-performance
self-consolidating concrete by Ostrowski et al. [81], and the UCS at 28 days reached 87 MPa
when using granite waste CA with irregular shapes. Copper tailings were used as FA in
HPC at a 60% replacement ratio. The 28 days UCS and flexural strength reached 84 MPa
and 12.5 MPa, respectively [60]. Xie et al. [79] successfully incorporated copper tailings in
HPC to solidify heavy metals, as shown by the short- and long-term leaching rates of Cu,
Cr, Zn, and Pb that were less than the environmental Chinese regulations limits.

7. Limitations and Gaps

Recycling mine waste in concrete technology can offer several environmental and
economic benefits. However, some limitations and gaps need to be considered to achieve
these goals. Here are some of the key limitations and gaps:

• Quality and consistency of mining wastes: The quality and consistency of mine
wastes can vary significantly depending on the type of ore and mining process. This
variability can pose challenges when using waste rocks as concrete aggregates, as
consistent material properties are essential for high-quality concrete production.

• Contaminants and impurities: Mine wastes may contain contaminants and impurities
that can affect the durability and performance of concrete. These contaminants, such
as heavy metals and sulfides, can leach into the environment and pose risks to human
health and ecosystems.

• Lack of standardization: There is a lack of standardized guidelines and regulations
for incorporating mine wastes into concrete. This hinders the widespread adoption of
these materials in construction projects.

• Technical challenges: Mine waste materials often have different physical and chemical
properties compared to traditional concrete aggregates. Researchers and engineers
need to develop suitable technologies and techniques to address these differences and
ensure the desired structural and durability properties of concrete.

• Costs and economic viability: The cost-effectiveness of recycling mine wastes in
concrete is a crucial consideration. It may require significant investments in processing
and treatment facilities to make these materials suitable for concrete production. The
economic viability of such initiatives needs to be carefully evaluated.

• Market acceptance: There might be resistance or hesitance from the construction
industry and consumers to accept concrete made from mine waste due to concerns
about performance, aesthetics, or perceived risks.

• Social and community engagement: Engaging local communities and stakeholders
in decision-making processes related to the use of mine waste materials is vital. This
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ensures that any potential negative social impacts are mitigated, and that the devel-
opment aligns with SDG 10 (Reduced Inequalities) and SDG 16 (Peace, Justice, and
Strong Institutions).

To overcome these limitations and address the gaps, interdisciplinary efforts involving
researchers, industry experts, policymakers, and community stakeholders are essential. Ad-
ditionally, robust regulatory frameworks and standards should be developed to guide the
responsible use of mine waste materials in concrete technology while ensuring alignment
with the SDGs.

8. Conclusions

The research into recycling mine waste for use in concrete technology is gaining mo-
mentum due to environmental concerns associated with both the mining and construction
sectors. It is essential to thoroughly analyze mine waste for its mineralogical, physical,
and chemical properties and to assess its environmental behavior, including potential
heavy metal leaching, as evaluated by tests like the TCLP. The suitability of mine waste for
concrete applications largely depends on these detailed classifications.

Mechanical treatments such as crushing and grinding are commonly employed to
prepare mine waste for reuse, while calcination is beneficial when there is a high clay
content. The impact of mine waste on concrete’s UCS varies significantly based on the
waste’s type and characteristics. For instance, using mine tailings as FA can enhance UCS,
though replacements should not exceed 30% to maintain structural integrity.

In conclusion, utilizing mine waste in concrete technology represents a viable en-
vironmental strategy for managing mine waste and conserving natural resources in the
construction industry. However, the success of this approach depends on several fac-
tors, including the implementation of supportive policies for the use of such materials in
concrete production, and a broader understanding and education about the benefits and
potential risks. This knowledge is crucial for engaging local communities and stakehold-
ers in decision-making processes concerning the use of recycled mine waste materials in
concrete. This collective effort can lead to more sustainable practices in both mining and
construction industries.
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Nomenclature

FA Fine aggregate
CA Coarse aggregate
SCC Self-consolidating concrete
UHPC Ultra-high-performance concrete
HPC High-performance concrete
SDGs Sustainable development goals
UCS Uniaxial compressive strength
IOT Iron ore tailings
GMT Gold mine tailings
w/c Water-to-cement ratio
TCLP Toxicity characteristic leaching procedure
CMT Copper mine tailings

Appendix A

Table A1. Summary of the studies of mine waste-based concrete included in the ternary diagrams.

Mining Waste
Source Usage Substitution

Ratio w/c Workability UCS, MPa SiO2 Al2O3 CaO MgO Fe2O3 Ref.

Coal wastes
Geomaterials for

light concrete
100% for B5 0.9 - 7.8 - - - - -

[67]
68% for B15 0.57 - 21.2 - - - - -

CA - - - 13.7 - - - - - [68]

Chromite
wastes

FA for foam
concrete

50% 0.42 - 0.25
5.11 0.23 - 10.52 2.17 [37]

100% 0.42 - 2.25

Graphite
tailings

FA for foam
concrete 70% 0.3 - 4 59.24 12.98 6.52 3.91 5.8 [32]

Iron ore
tailings

CA 100% - good 21.93 - - - - - [41]

FA and CA 36% FA
53–54% CA 0.7 - 57.9 77.94 2.77 0.5 1.68 14.99 [25]

FA and CA
100% for B30 0.47 - 43

- - - - - [42]
100% for B60 0.32 - 65.1

FA 40% 0.49 good
(115 mm) 40.44 68.94 3.64 3.45 3.77 14.54 [27]

Binder 100% - - 27.1 58.55 7.25 3.3 4.14 6.87 [38]

FA

40% for B30 0.46 good
(180 mm) 35.52

- - - - - [82]
40% for B50 0.33 good

(170 mm) 68.6

Manganese
mine wastes

FA
20% of Mn

filler
(<63 µm)

0.44 - 56.44 36.09 6.56 12.4 3.81 - [33]

FA - - - -
74.9 7.98 0.83 0.46 6.31

[70]38.1 8.74 8.89 3.07 3.47
68.4 15.3 0.82 1.02 15.3

Gold mine
tailings

FA 10%, 20%,
30% - - - - - - - - [83]

FA and CA 100% 0.4 good
(110 mm) 34.9 56.19 13.77 5.76 3.97 7.35 [28]

FA for UHPC 50% 0.25 low
flowability 137 79.53 9.52 0.51 0.64 3.22

[29]
FA for UHPC 50% 0.25 low

flowability 151 80.6 9.33 0.42 0.66 3.99

Fine aggregate 100% 0.4 medium
(75 mm) 40

64.56 15.55 2.57 2.92 5.52 [20]
CA 100% 0.4 medium

(95 mm) 30

FA and CA 100% 0.4
medium to
good (80 to

110 mm)
36 56.19 13.77 5.76 3.97 13.77 [22]
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Table A1. Cont.

Mining Waste
Source Usage Substitution

Ratio w/c Workability UCS, MPa SiO2 Al2O3 CaO MgO Fe2O3 Ref.

Copper mine
tailings

Filler for SCC 100% - high
(670 mm) 59.7 40.8 5.9 7.36 0.86 41.72 [34]

FA

50% 0.53 - 31.51 46.29 8.84 9.84 5.85 2.02
[30]70% 0.49 - 27.5 59.73 11.9 4.07 1 6.26

100% 0.49 - 24.95 54.27 9.3 2.84 3.75 9.3

FA 15% 0.5 - 25 KN - - - - - [56]

Limestone

FA and CA 100% 0.65 good
(130 mm) 42.11 0.11 0.04 54.75 0.22 0.011 [21]

FA 85% 0.45 good
(115 mm) 36.10 23.5 3.1 37.85 - 1.94 [23]

Molybdenum
tailings

Mineral
admixture 30% 0.61 high

(650 mm) 24 68.4 13.5 3.2 1.7 3.5 [35]

Nickel slag CA 100% - - 30.71 52.66 2.72 1.25 31.79 - [36]

Tungsten
tailings FA for UHPC 50% 0.25 medium 120 59.6 8.57 10.94 1.83 11.59 [29]

Pb-Zn mine
tailings FA 10% 0.51 high (600 m) 66.7 43.26 11.11 20.01 4.31 15.57 [26]

Phosphate
waste

CA 100% 0.5 low (50 mm) 18.97 - - - - - [31]

CA 100% 0.66 good
(140 mm) 15.20 32.23 0.58 23.20 9.20 0.21 [19]

CA 100% 0.5 low (50 mm) 22.45 92.00 0.22 2.85 1.1 0.10 [24]
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