SLAG TREI-Q:"I'MENT IN THE MINING

INPUSTRY




INDEX

PAGE 3

ABOUT GEM

PAGE 4

EDITORIAL

PAGE 5

INTRODUCTION

PAGE 7

ADVANTAGES OF SLAG
REPROCESSING AND REUSE

PAGE 9

RISKS ASSOCIATED WITH
IMPLEMENTING A SLAG
REPROCESSING PROJECT

PAGE 10

SLAG REPROCESSING AND
REUSE IN CHILE

PAGE 18

CONCLUSION

PAGE19

BIBLIOGRAPHY

PAGE 22

CONTACT

VOLUMEN 2
June 2025



We are an Industrial Engineering company specialized
in supporting the mining industry in management and
economic matters. With over 15 years of experience
and the successful implementation of more than 400
projects worldwide, we stand out for our strong track
record and commitment to excellence in the sector.
GEM leads the future of mining with innovative
solutions.

From climate change management to deep-sea mining
and in-situ leaching, GEM is committed to promoting
sustainable, collaborative, and responsible practices,
always with a focus on social and environmental
impact.
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EDITORIAL

BY
ISAAC PAREDES

In a global mining scenario increasingly
challenged by environmental, economic, and
social demands, waste management has taken
on a new level of importance. Far from being
mere discards, copper smelting slags now
represent a concrete opportunity to advance
toward a truly circular mining industry with high
added value.

This issue of Perspectiva focuses on the
reprocessing and reuse of slags—a topic that
goes beyond technicalities to sit at the heart of
the industrial sustainability debate. Chile, with
its  extensive  experience in flotation
technologies, has positioned itself as an
international benchmark in slag reprocessing.
These efforts not only allow for the recovery of
valuable minerals but also help reduce the
volume of deposited waste. At the same time,
research into leaching processes is gaining
ground, promising lower water and energy
footprints.

But the potential of slags extends beyond
copper. Their reuse in the construction industry
as artificial aggregate opens new possibilities to
reduce pressure on natural resources and
contribute to the regeneration of ecosystems
affected by waste dumps.

However, Chile's national regulatory framework
remains a significant obstacle. While in Europe,
the United States, and Australia slags are
classified and used as by-products, in Chile they
are still considered waste, restricting their
industrial-scale application.

This issue analyzes both national and
international case studies, explores available
technologies, evaluates technical and economic
risks, and offers concrete recommendations. At
GEM, we are convinced that the shift toward the
mining of the future also requires innovation in
how we perceive and manage our waste.
Transforming slag into a resource is not just a
technical goal—it is a clear signal of cultural and
industrial evolution.



INTRODUCTION

It is estimated that for every ton of copper produced
through pyrometallurgical processes, approximately 2.2
tons of slag are generated (Charles et al., 2024). In Chile,
around 4.5 million tons of slag are produced annually,
with a historical accumulation estimated at over 70
million tons in disposal sites (Cayumil et al., 2022). These
slags - produced during the smelting of copper
concentrates - solidify through rapid cooling and contain
a mixture of metallic and non-metallic oxides. When
melted and rapidly cooled, they form a glass-like material
(see Figure 1) (Charles et al., 2024).

During the smelting process in fusion and conversion
furnaces, matte (a metallic phase with high copper
content) is obtained along with slags containing between
1% and 2% copper. These slags are reprocessed in
electric slag-cleaning furnaces, producing discard slags
with approximately 0.7% copper, composed mainly of
iron silicate. These are disposed of in slag dumps as final
waste (Codelco, 2019). This study focuses on these slags,
whose production process is illustrated in Figure 2.

FIGURE 1. IRON SILICATE, COMMONLY REFERRED TO AS COPPER SLAG

Source: Own elaboration based on Abrasivos y Maquinarias S.A.



FIGURE 2. COPPER CATHODE PRODUCTION PROCESS AND SLAG GENERATION
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As the world transitions to a circular economy, the Advantages and Disadvantages of Slag
large-scale accumulation of copper slags poses a Reprocessing and Reuse
significant challenge due to the vast land areas they
occupy. In recent years, technologies have been Slag reprocessing enables the extraction of residual

developed to recover the copper contained in these
slags and to repurpose them in industries such as
construction. To recover copper, techniques such as
flotation, leaching, and slag smelting have been
explored. However, these face challenges related to
high energy consumption and the complexity of

copper and other valuable metals, improving
metallurgical efficiency and reducing losses in slag
dumps. In recent years, flotation and leaching
methods have been implemented, as well as gravity
concentration and  secondary  pyrometallurgy

chemical reactions, which vary depending on the slag’s processes to recover metals contained in slags
chemical composition and physical characteristics. (Charles et al., 2024). Flotation is one of the most

widely used techniques, with Codelco’s Potrerillos Slag
Slags have been used in other industries, such as Flotation Plant standing out as one of the most
construction, in countries like the United States, advanced in the world. Its cutting-edge technology has

Germany, China, and Japan (MOP, 2025). Their improved the recovery of copper, gold, and silver

strength and durability make copper slags a viable (Codelco, 2016).

alternative to natural aggregates, particularly in road

construction. Moreover, reprocessing historic slags - containing
copper grades between 0.6% and 1% (Ciencia En Chile,
2024)- could offer an economically viable alternative to
mining low-grade ore. This approach helps optimize
operational costs. Recovering metals from high-grade
slags may prove more efficient than extracting them
from primary deposits with lower concentrations.
However, it is essential to assess the energy costs
involved to ensure long-term viability.

[1] It is a model of production and consumption that promotes sharing, reusing, repairing, refurbishing, and recycling existing materials
and products as many times as possible to create added value. In this way, the lifecycle of products is extended, waste generation is
reduced, and resource use is maximized (European Parliament, 2023). 6



ADVANTAGES OF SLAG REPROCESSING
AND REUSE

Slag reprocessing allows for the extraction
of residual copper and other valuable
metals, enhancing metallurgical process
efficiency and reducing losses to slag
dumps. In recent years, flotation and
leaching methods have been implemented,
along with gravity concentration and
secondary pyrometallurgical processes, to
recover metals contained in slags (Charles
et al.,, 2024). Flotation is one of the most
widely used techniques, with the Potrerillos
Slag Flotation Plant operated by Codelco
standing out as one of the most modern in
the world. Its state-of-the-art technology
has significantly improved the recovery of
copper, gold, and silver (Codelco, 2016).

Moreover, the reprocessing of old slags
with copper grades ranging between 0.6%
and 1% (Ciencia en Chile, 2024) may
represent  an economically  viable
alternative to the exploitation of low-grade
ore deposits, optimizing operational costs.
The recovery of metals from high-grade
slags can often be more efficient than their
extraction from primary deposits with
lower concentrations. However, it is
essential to assess energy costs to ensure
the long-term viability of such operations.




On the other hand, the reuse of copper slags allows
for the recovery of millions of tons of currently unused
material. These materials can be employed in
construction applications such as pavements,
concrete, tiles and glass, abrasive cleaning agents, soil
fill, among others (Alta Ley, 2024). It has been shown
that iron silicates pose no environmental impact when
in contact with water, air, or soil, and their greater
hardness compared to natural aggregates enhances
the strength of mixtures with cement, concrete, or
other materials (MOP, 2025). This would reduce the
demand for natural materials and alleviate
environmental stress on river basins such as Chile’s
Aconcagua, which has been affected by intensive
aggregate extraction (Pizzoleo, 2025). Additionally, slag
reuse could contribute to reducing CAPEX associated
with mine closure costs, by lowering the need for final
disposal and dump site management. This would
facilitate more efficient resource use and reduce long-
term expenses related to waste handling.

Finally, the reprocessing and reuse of copper slags
help reduce the environmental impact caused by the
large volumes accumulated in disposal sites, which
occupy vast land areas. A clear example is the Codelco
Ventanas plant, whose closure left behind an
estimated 4.5 million tons of slag spread over 15
hectares—a challenging area to manage (Mendoza,
2025). Utilizing this material could free up land,
supporting the restoration of nearby ecosystems, such
as the wetlands adjacent to Ventanas (Ciencia En
Chile, 2024). Moreover, it would reduce dust
generation and help mitigate the leaching of heavy
metals into the environment.

DISADVANTAGES

Leaching and flotation processes for slag treatment require
high energy consumption due to the crushing stage, which
is significantly affected by the material's hardness.
Flotation involves even higher energy demands, as it
requires not only crushing but also additional grinding
stages to achieve the appropriate particle size. Reducing
slag heap volumes can yield economic and environmental
benefits. However, high energy demands, and accelerated
equipment wear caused by slag hardness can limit the

feasibility of reprocessing (Ciencia En Chile, 2024).
Furthermore, the infrastructure needed for these
processes involves considerable upfront investment,

including controlled cooling pots, SAG milling, and pressure
filters in slag flotation plants (SMA, 2021).

Additionally, the chemical composition and physical
properties of copper slag can vary significantly depending
on the characteristics of the ore and the smelting
processes used. As a result, recovering copper and other
valuable metals is often complex and difficult to
standardize, requiring in-depth knowledge of the chemical
reactions involved and the physical and chemical nature of
the residue (Charles et al., 2024). In general, slag may
contain silicon dioxide (SiO,), calcium oxide (CaO),
magnesium oxide (Mg0), aluminum oxide (Al,Os), sulfur (S),
copper (Cu), cobalt (Co), manganese (Mn), nickel (Ni), and
zinc (Zn).

Another key factor to consider is the potential for
secondary environmental impacts, such as gas emissions
and soil or water contamination. In pyrometallurgical
methods, special attention must be given to atmospheric
emissions—for instance, mercury released during the
processing of copper, gold, and zinc ores. In
hydrometallurgical methods, proper handling of leaching
agents is essential, such as the destruction of cyanide
during cyanidation processes (Charles et al., 2024).

Beyond technical and environmental considerations,
regulatory barriers - which vary by country - also play
acrucial role in the reuse of copper slags. In Chile, slag is
still classified as waste rather than as a by-product, which
prevents its reuse. However, regulatory changes are under
consideration to demonstrate that copper slag is safe and
stable enough for construction applications. Recently, the
Mining Center at the Pontificia Universidad Catdlica de
Valparaiso conducted laboratory tests confirming the inert
nature of copper slag, thus qualifying it as a suitable
material for construction. If adopted, this development
could enable the rehabilitation of public spaces and the
installation of urban infrastructure by Codelco Ventanas
(Mch, 2025). In contrast, countries such as Finland,
Germany, and Japan have been reusing slags for decades
in the construction of roads, breakwaters, and other civil
works (CNN, 2024).



RISKS LINKED TO THE IMPLEMENTATION
OF A SLAG REPROCESSING PROJECT

The implementation of a slag reprocessing project involves a range of risks that may impact its technical
and economic viability. Below are some of the most relevant risks:

1. Copper price volatility: Copper price fluctuations directly
impact projected revenues and introduce uncertainty into
project profitability. Since copper grades in slags vary,
reprocessing is only viable if market prices justify the associated
costs.

2. Slag grade variability: Slags can exhibit highly variable
compositions, directly affecting their copper and other valuable
metal content. Deviations in copper grades from initial estimates
can significantly impact the recoverable quantity and the long-
term sustainability of the project.

3. Copper recovery: The metallurgical behavior of slags varies
depending on their chemical and mineralogical composition. As
a result, the efficiency of the copper recovery process can
fluctuate significantly, potentially leading to deviations from
expected outcomes.

4. CAPEX: Estimating CAPEX remains uncertain due to limited
experience with reprocessing technologies beyond flotation.
This may result in cost overruns during engineering studies,
equipment procurement, and plant construction. Furthermore,
slag hardness could increase equipment maintenance costs -
affecting sustaining CAPEX- and reduce long-term economic
viability.

5. OPEX: Energy consumption is a critical factor in slag
reprocessing, as certain technologies may require high
temperatures or intensive comminution. In addition, the
material's hardness can affect the efficiency of grinding and
crushing equipment. These variables can significantly increase
OPEX and reduce the project's profitability.

6. Environmental Risks: The emission of polluting gases, as well
as the potential leakage of leaching agents into water bodies or
soils, represent key environmental risks. It is essential to
implement robust containment systems, real-time monitoring,
and emergency protocols to minimize these impacts and comply
with national and international environmental regulations.

7. Execution Timeline: A high degree of research is still
required in slag reprocessing to fully understand the chemical
reactions and material behavior during processing. This lack of 14 15 16 17@ 18
knowledge may delay the project's execution timeline and

negatively impact financial planning. 21 22 23 gt




REPROCESSING AND SUSTAINABLE
UTILIZATION OF SLAG IN CHILE

SLAG REPROCESSING AND REUSE IN CHILE
CONTEXT: SMELTERS IN CHILE

Chile currently hosts seven copper smelters- five
operational and two recently decommissioned:
Codelco's Ventanas and ENAMI's Paipote (see
Figure 3). Copper production from smelting has
declined by 21% over the past decade, falling
from 1.4 million tonnes (Mt) in 2014 to 1.1 Mt of
fine copper in 2023. Additionally, its market share
dropped from 8.3% to 5.5% during the 2014-2023
period (BCN, 2024) (see Figure 4).

This downward trend in smelter production may
reduce the volume of slag generated, thereby
decreasing the availability of material for
reprocessing and reuse. As a result, the lifespan
of the slag reprocessing market could also be
limited—especially if smelters continue to face
operational difficulties and closures.

A review of current operations confirms that all
five active smelters in Chile have slag
reprocessing systems in place. Flotation is
predominant method and remains the only
technology implemented at industrial scale. In
contrast, leaching technologies remains under
development, with ongoing research and pilot
tests. One such example is the ammonia-based
leaching method for oxidized smelting slags,
developed by Dr. Alvaro Aracena of the Pontificia
Universidad Catodlica de Valparaiso and patented
in 2022. Studies suggest this technology has
demonstrated the potential to recover up to 85%
of copper from oxidized slags (PUCV, 2022).

It is worth noting that, in 2013, Chile’s Ministry of
the Environment enacted Supreme Decree No.
28, which set maximum emission limits and sulfur
and arsenic capture efficiency requirements for
smelters operating in the country. This regulation
required smelters to invest in plant upgrades,
incorporating gas capture and pollutant
abatement technologies to comply with the
standards, which were initially set to take effect
by the end of 2018 (Sonami, 2015) and are now
fully in force (see Table 1).

Pyrometallurgical processes in slag-cleaning
furnaces can generate significant emissions of
arsenic and sulfur dioxide, depending on slag
composition and furnace conditions. In response
to these regulations, several smelters began
evaluating reprocessing alternatives to mitigate
emissions while enhancing metal recovery
(Codelco, 2016).

FIGURE 3. METALLURGICAL SMELTERS IN

CHILE
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CASES OF SLAG REPROCESSING IN CHILE

One of the most prominent examples in Chile is the
Potrerillos smelter, part of Codelco’s Salvador
Division, which has invested in one of the most
modern slag flotation plants in the world.
Commissioned in 2015, this facility includes
controlled cooling pots, SAG milling, and state-of-the-
art pressure filters, with a design capacity of 1,700
tonnes of slag per day. The use of cutting-edge
technologies has reduced gas emissions into the
atmosphere and improved the recovery of copper,
gold, and silver. Codelco reports that this plant has
enhanced metal recovery and operational
performance, turning a previously loss-making unit
into a technically and economically efficient smelter
through reduced operating costs (Codelco, 2016).

Similarly, the Caletones smelter, part of Codelco’s El
Teniente Division, has incorporated slag reprocessing
technologies. In 2019, it began operations following
an investment of approximately US$277 million,
aimed at the construction and operation of a milling
and flotation plant for processing slags generated in
the Teniente Converters. This project arose from the
need to replace the slag-cleaning furnaces, whose
arsenic emissions levels prevented compliance with
the environmental regulations that came into effect
in 2018 (Portal Minero, 2015), and which are now
fully enforced.

Additionally, the Caletones plant has a slag
processing capacity of 3,750 tonnes per day and a
projected operational lifespan of 25 years (Contreras,
2019). Approximately 40% of its operating costs are
linked to energy consumption, with 60% of that
amount corresponding to the operation of the ball
mill. To optimize energy efficiency and reduce costs,
process improvements were implemented in 2023,
specifically reducing the revolutions per minute of
the ball mill. This measure resulted in annual energy
and cost savings equivalent to US$1 million (Codelco,
2023).

Unlike other Codelco smelters, Chuquicamata
continues to rely on slag treatment furnaces and has
yet to adopt modern reprocessing technologies.
During the 1990s, slags generated in the furnaces—
which  would otherwise be discarded—were
processed via flotation by the external company
Minera Cerro Dominador (Arancibia, 2008). However,
this contract was terminated in 2009, with the
intention of handling these tasks internally (La
Tercera, 2010). Later, in 2020, Codelco launched the
Flash Furnace enhancement project, increasing its
capacity and incorporating gas capture and
treatment systems to comply with the emission
regulations for arsenic and sulfur set by the Supreme
Decree (Pares & Alvarez, 2021).

The Chagres smelter, operated by Anglo American,
signed a contract in February 2024 with Minera
Punitaqui to process 240,000 dry metric tonnes of
slag using flotation, with the commitment to sell the
produced concentrate back to Anglo American (De
Vicente, 2024). Additionally, Anglo American is
developing a slag revalorization project through
leaching at the Chagres smelter, aiming to produce
commercially viable copper cathodes. However, this
initiative is still in the research phase (Consejo
Minero, 2023).

Lastly, Glencore's Altonorte smelter commissioned its
Slag Treatment Plant via flotation in 2001. This
process involves slag cooling, grinding, thickening,
and filtration, after which the concentrate is returned
to the smelter (Reyes, 2014). In 2021, an optimization
project was implemented to improve the ladle
cooling system, which significantly reduced water
consumption and the copper content in tailings. As a
result, water use decreased from 1.3 m3 to 0.4 m3 per
tonne of slag—representing a 69% reduction
(Glencore, 2024).

SLAG REUSE IN CHILE

In June 2003, Chile’s Ministry of the Environment
enacted Supreme Decree No. 148, establishing the
Sanitary  Regulation on  Hazardous Waste
Management. Under this regulation, copper slag is
considered non-hazardous as long as concentrations
of arsenic, lead, and cadmium remain below specific
thresholds (see Table 2). Should these limits be
exceeded, the waste generator must demonstrate to
the Health Authority that the material complies with
the Maximum Permissible Concentrations (MPC) to
avoid its classification as hazardous (BCN, 2004).

A key aspect in the current discussion is the
classification of slag as waste, as this determination
can limit its potential use in various applications.
While Decree 148 does not explicitly prohibit the
reuse of non-hazardous waste in construction, its
regulation generates uncertainty about the viability
of its use in this sector. Materials classified as waste
face strict controls on use, transport, and final
disposal, limiting their integration into industrial as
applications like construction.

12



TABLE 2. MAXIMUM PERMISSIBLE CONCENTRATIONS (MPC) FOR NON-HAZARDOUS WASTE

Substance

Arsenic

Cadmium

Mercury

Silver

Lead

Source: BCN (2004).

A significant step forward in this area was the approval
of the Chilean standard NCh163:2024 “Aggregates for
Concrete and Mortar,” officially launched in December
2024. This standard allows for the incorporation of
recycled and artificial aggregates, including those
derived from slag and tailings, in the production of
concrete. The goal is to reduce the extraction of natural
aggregates and promote the circular economy in the
construction industry (Moraga, 2024).

Despite these advances, the classification of slag as
waste remains an obstacle to its large-scale reuse.
Experts and industry representatives agree that the
main challenge is regulatory, not technical. To facilitate
its use in construction and other applications,
environmental and health authorities must reassess its
classification, considering it a mining by-product rather
than waste (NME, 2024). This distinction is key: while a
by-product can be used without being subject to strict
waste management regulations, a material classified as
waste faces constraints that may discourage its
valorization.

To demonstrate the safe reuse of copper slag in
construction and support regulatory change, several
initiatives have emerged in recent years. One example is
the pilot project by Codelco Ventanas, presented in
January 2025 to the Intersectoral Working Group for the
Reuse of Copper Slag. This project aims to replace
natural aggregates with copper slag in the production of
asphalt mixtures for pavement construction (Pizzoleo,
2025).

Similarly, Anglo American signed an agreement with the
Ministry of Public Works (MOP) to evaluate the use of
mining waste in national road infrastructure projects.
This agreement includes the monitoring of pilot projects
at the Chagres Smelter and Las Tértolas Plant, which
involve the application of chemically stabilized layers
using slag and tailings, as well as a surface asphalt layer
(MOP, 2025).

MPC [mg/L]

0,2

REPROCESSING AND REUSE OF SLAG WORLDWIDE

The reprocessing and reuse of mining slag are practices
addressed in various countries, as similar by-products
are also generated during the production of steel, iron,
zinc, and nickel. Resource optimization and sustainability
have driven both technological and regulatory
advancements worldwide, aiming to transform this
challenge into an opportunity. This section examines
global practices in slag reprocessing and reuse, focusing
on widely used metal recovery techniques and the
regulatory advances in different countries that have
enabled slag reuse across industries, thereby promoting
a more circular economy.

GLOBAL PRACTICES IN SLAG REPROCESSING

Slag reprocessing for the recovery of copper and other
valuable minerals is practiced globally, utilizing various
techniques such as smeltingflotation, and - more
recently - leaching. The selection of the most appropriate
technique depends on multiple factors, including
available technical expertise, the type of ore, existing
infrastructure, local regulations, and the specific
composition of the slag.

8



Notable international companies engaged in slag
reprocessing include Aurubis (Germany) and Metso
(Finland), the latter known for its Ausmelt TSL
technology. Although both companies use furnace-
based smelting, their technologies differ by their
specific innovations and approaches. In recent years,
Aurubis has made significant investments to optimize
slag processing at its plant in Bulgaria, focusing
particularly on the cooling process. Unlike the
traditional pit cooling method, the company plans to
implement the use of slag pots—steel containers
designed to hold and transport slag—which will
improve metal recovery rates and reduce emissions.
The new technology is expected to be operational by
2026.

Meanwhile, Metso's Ausmelt TSL technology stands
out for its use of fuel injection into the slag,
harnessing the energy released during ore oxidation.
This significantly reduces fuel consumption compared
to conventional processes.

Regarding flotation-based reprocessing, @ notable
example is Namibia Custom Smelters, located in
Namibia. This company recovers copper. from slags
via flotation when the copper content ranges between
0.8% and 5% (Sibanda et al., 2015). In such cases,
copper-rich slags are sent to a specialized plant,
where they undergo grinding followed by froth
flotation. While most of the copper.minerals in the
area are sulfides, copper oxides pose additional
challenges for this process.

As for leaching, this method has attracted
considerable global interest, as it is viewed as a
potentially more cost-effective, simpler, and cleaner
alternative compared to smelting and flotation. Its
lower energy requirements and higher efficiency in
processing certain minerals—particularly. copper
oxides—make it especially appealing. However,
despite extensive research in this area, leaching
cannot yet be considered an established industrial-
scale process. This is primarily due to variability in
efficiency and reaction behavior, which depends on
the specific mineral composition of each slag.

Despite  technological advancements, mineral
recovery from slags is not always economically viable.
The commercial feasibility of implementing a recovery
process depends on the margin between the value of
the recovered metals and the associated operating
costs, which can vary significantly from case to case.
For instance, in scenarios where mineral grades are
low and operational costs are high, further slag
treatment may not justify the investment.

REUTILIZATION OF SLAG WORLDWIDE

As mentioned in previous sections, the classification
of slag as a by-product rather than as waste has
significant implications for its reuse and its potential
application in other industries, such as construction.
In the European Union, slags are no longer
considered waste and are, in many cases, recognized
as valuable by-products. This shift has been made
possible by Article 6 “End-of-Waste Status” of the
European Union's Waste Framework Directive
(2008/98/EC), which promotes a circular economy by
allowing certain materials, after undergoing a
recovery process, to cease being classified as waste.
To achieve this status, the materials must meet the
following key requirements: They must have a specific
use. There must be a market demand for them. They
must comply with relevant technical and regulatory
standards. They must not cause adverse effects on
human health or the environment.

Regarding the assessment of hazards or potential
impacts, the European Union enforces the REACH
regulation (Registration, Evaluation, Authorisation and
Restriction of Chemicals), which has been in effect
since 2007. This regulation provides a clear
framework for the evaluation and control of chemical
substances. Unlike regulatory models where
authorities assign classifications, REACH delegates
responsibility to businesses, requiring them to
register, evaluate, and manage risks associated with
their substances. The companies must demonstrate
that these substances are safe for commercialization
and use. The European Chemicals Agency (ECHA)
oversees this process and has the authority to restrict
or ban substances that pose an unacceptable risk to
human health or the environment.

Within this framework, REACH classifies substances
based on their hazard potential into specific
categories, such as carcinogenic, mutagenic, toxic for
reproduction, explosive, corrosive, among others. All
hazard-based classifications defined wunder EU
regulations can be found in Table 3.

This approach enables regulators to set concentration
limits based on the combined impact of multiple
hazardous characteristics, rather than analyzing each
substance in isolation. An example procedure for
determining the hazard classification of a particular
type of waste is illustrated in Figure 5.

A key aspect of REACH is that the evaluation of a
substance begins with its original composition. This
means that not only is the element in its final state
analyzed, but also the compounds from which it
originates.

In contrast to the EU's holistic framework, Chile
evaluates  substances independently,  without
necessarily considering compound interactions or
origin. This can lead to regulations that do not fully
align with the actual characteristics of certain
materials, potentially hindering their appropriate
classification and reuse.

14



TABLE 3. CLASSIFICATION OF HAZARDOUS PROPERTIES DEFINED IN REGULATION
(EU) No. 1357/2014 ACCORDING TO THE NATURE OF THE HAZARD

Explosive
Oxidizing
Flammable

Wastes that may exhibit one or more of the
hazardous characteristics listed above

Irritant: causes skin and eye irritation
Specific organ toxicity / aspiration
toxicity
Acute toxicity
Carcinogenic
Corrosive
Infectious
Toxic for reproduction / Mutagenic
Mutagenic
Release of an acutely toxic gas
Sensitizing

- ]

Ecotoxic

Source: Own Elaboration based on Gobierno de Espaiia (2021)

FIGURE 5. PROCEDURAL EXAMPLE FOR THE IDENTIFICATION OF HAZARDOUS
PROPERTIES HP 1, HP 2, HP 3, HP 12, AND HP 15

Does the waste contain
substances classified under
specific hazard class and
category codes and hazard
statements?

YES

Can it be demonstrated
through testing that the
waste is non-hazardous?

NO

YES

NO

.rdous waste

Source: own elaboration
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A concrete example of regulatory enablement is
copper slag (iron silicate), which has been registered
under the EU’s REACH regulation since 2010 as a safe
and valuable by-product. Several smelters around the
world (including those in Chile) have demonstrated its
environmental and human safety across its life cycle.
In this regard, the European approach protects public
health and the environment while actively promoting
the reuse of industrial materials within a circular
economy framework.

In the United States, federal law has excluded certain
types of slag from regulations related to hazardous
waste. A brief historical review shows that in 1978,
hazardous waste was defined under Subtitle C of the
Resource Conservation and Recovery Act (RCRA).
According to the Environmental Protection Agency
(EPA), this includes materials that pose risks to
human health or the environment due to their
toxicity, corrosivity, flammability, or reactivity—thus
subjecting them to strict regulations concerning their
handling, transportation, and disposal. However,
within this classification, a category known as “special
wastes” was created, requiring further study to assess
their level of risk. Among these were materials
generated from mining and mineral processing,
including slags produced during the extraction of
metals such as copper, lead, and zinc. Ultimately, in
1980, the Bevill Amendment (part of the Solid Waste
Disposal Act amendments) exempted wastes derived
from the beneficiation and processing of ores and
minerals from being considered hazardous waste at
the federal level. In 1918, the National Slag
Association was founded in the U.S. and continues to
this day to promote the use of blast furnace and steel
furnace slags.

Following this initiative, the Australasian Slag
Association was established in 1960, comprising
producers, processors, customers, and suppliers of
iron and steel slags. Its name reflects the
participation of members from Australia, New
Zealand, Indonesia, and Malaysia. The main goal of
the association is to conduct research of mutual
interest for its members and to disseminate findings
and technical information that promote the beneficial
use of iron and steel slags in construction materials
and other industries with reuse potential. One of the
association's priorities is compliance with all state and
territorial laws in the member countries (Australasian
Slag Association, 2025).

Standard AS 3582.2

The Australian
“Supplementary Cementitious Materials - Part 2: Slag
- Ground Granulated Blast Furnace Slag” defines
limits for only four properties: sulfur in the form of

(2016) -

sulfide (maximum 1.5%), magnesium (maximum
15%), aluminum (maximum 18%), and chloride ion
(maximum 0.1%). While the standard does not
mandate performance-based concrete testing to
validate the product's suitability, it distinguishes
between “proven” and “unproven” slag sources. The
latter must undergo frequent testing over a six-
month period to ensure quality and consistency.
Additionally, while not all properties have defined
limits, buyers may request test data for any of them
(Cement Concrete & Aggregates Australia, 2018).

It is important to note that both in the European
Union and in countries like Australia and the United
States, regulations may vary between different
countries (in the EU’s case) and between states (in the
U.S. and Australia). Thus, beyond federal or
supranational frameworks, individual jurisdictions
may impose additional restrictions.

Aurubis, mentioned previously, is a global leader in
non-ferrous metals and one of the world's largest
copper recyclers, marketing approximately 1.2 million
tonnes of iron silicate annually. In an online seminar
organized by Alta Ley Corporation of Chile (2024),
which aimed to explore the international landscape
of copper smelter slag valorization, Michael Hoppe,
project leader at Aurubis, noted that although the
material is registered under the REACH system, its
use is restricted to specific applications. He also
pointed out the challenge of developing applications
in one country that cannot be marketed in another,
highlighting the need for ongoing dialogue with
lawmakers to promote broader global utilization.

This underscores the regulatory fragmentation that
still challenges global standardization in slag reuse—
and the need for harmonized policies to fully unlock
its potential.
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USE CASES AND OPPORTUNITIES FOR SLAG
AROUND THE WORLD

One example of slag that is produced and widely used
in various countries around the world is electric arc
furnace (EAF) slag, a byproduct of the steel industry
that is traded internationally. This type of slag has
been used as an alternative to crushed rock in a range
of applications, including encapsulated uses (such as
in concrete and asphalt) and non-encapsulated uses
(as loose material for soil cover, landscaping, and
others). However, regulatory agencies - such as the
U.S. Environmental Protection Agency (EPA) - are
investigating potential health risks associated with the
non-encapsulated use of EAF slag, particularly in
residential and school environments. It has been
found that this material can contain elevated levels of
manganese, hexavalent chromium, and other metals,
which may pose a risk to human health.

There are warnings about possible adverse effects and
recommendations for mitigating exposure, although
research is still ongoing. In the United States, the EPA
(2024) notes that "EAF slag is used across the country,
but its regulation varies significantly from state to
state. Some states allow its use in residential settings,
while others prohibit it. For more information, it is
recommended to consult the specific regulations of
each state”.

In Australia, the use of iron and steel slag as a
substitute for cement began around 1966, primarily in
the areas of Port Kembla, Sydney, and Newcastle.
However, the increase in its price and the decline of
the steel industry in those regions led to a decrease in
its usage. Despite these challenges, slag remains in
use across Australia, with granulated slag now
imported primarily from Japan (Cement Concrete &
Aggregates Australia, 2018).

Regarding copper slag, in Singapore, it was originally
imported mostly from Japan to be used as an abrasive
material. However, with repeated use, the slag loses its
abrasive properties, which led to it being discarded in
landfills due to the lack of further applications. As a
result of this and the potential contamination caused
by mining waste deposited in the soil, a local branch of
Holcim—the Swiss company and leading global
supplier of construction materials—developed in
Singapore a concrete that uses washed copper slag,
replacing natural sand. It has been demonstrated that
this concrete forms denser structures than
conventional concrete, which improves its durability,
reduces permeability, and increases strength. In
addition, there are notable sustainability benefits, as
the concrete not only replaces scarce natural
resources but also requires less water in its production
compared to conventional concrete (Holcim, 2014).

This innovation illustrates how industrial by-products
like copper slag can be repurposed in high-
performance construction materials, offering a model
for circular economy adoption in other urbanized
regions.

In relation to the above, the HARARE consortium—
made up of 10 industrial partners, including Aurubis,
from four European countries—aims to demonstrate
sustainable methods for the production of non-
ferrous metals, using hydrogen as a key enabler. The
project also seeks to use waste as raw material, with a
particular focus on copper slag, aiming to validate its
use as a supplementary cementitious material that
could reduce reliance on clinker and lower carbon
emissions. In this regard, the consortium is exploring
the use of copper slag as a partial or even total
substitute for Portland cement in construction
materials (Harare, 2021).
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CONCLUSION

Chile ranks among the global leaders in industrial-scale
flotation, with few technological gaps relative to other countries.
In the field of leaching, Chile has also made significant progress,
conducting research and pilot tests aimed at its
implementation. Should this technology be scaled up to an
industrial level, it would generate both economic and
environmental benefits, as it could lower processing costs and
reduce emissions associated with these materials.

In the case of slag reuse, the main barrier in Chile is regulatory,
which has delayed its adoption compared to countries like the
United States, those in Europe, and Australia. In Chile, slag is
classified as non-hazardous waste, which limits its use in
construction. In contrast, in other parts of the world, slag is
considered a by-product and has been successfully reused for
years. Chile could benefit from analyzing these international
cases to adopt a more precise regulatory framework aligned
with the principles of a circular economy.

Developing more specific regulations regarding usage limits and
conducting detailed studies on its environmental and health
impacts would not only promote slag reuse but also strengthen
environmental protection and public health. In this regard,
public-private partnerships have emerged to validate, through
studies and pilot projects, the stability and safety of slag in
construction, with the goal of driving regulatory change.
However, if no progress is made on this front, a viable
alternative would be to consider exporting slag to markets
where its use is already regulated and permitted.

Ultimately, the reprocessing and reuse of slags represent a
significant opportunity from both an economic and
environmental standpoint. For smelters, this would mean
adding value to their production chain by transforming waste
into a usable resource, thereby reducing the costs associated
with slag disposal in dumps. At the same time, the construction
sector would benefit from the use of artificial aggregates, which
offer greater strength compared to natural aggregates.

From an environmental perspective, using slag would help
reduce the exploitation of river basins, preserving ecosystems
and freeing up space in landfills for alternative uses.
Collectively, these actions contribute to a virtuous circle of
circular economy practices - reducing environmental impact,
conserving natural resources, and transforming industrial waste
into a strategic asset.
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