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Reinventing Slag: Sustainable Processing of Secondary
Metallurgical Resources for Alternatives to Natural Sand

The Sand Challenge and the Slag Opportunity

Slag is produced in large quantities in high temperature
metal production and is a reliable but often underutilized
material stream. With targeted metallurgical processing
and controlled granulation, it can be transformed into
engineered aggregates for sustainable construction. At
the same time, natural sand, which is essential for
cement and concrete, is facing increasing environmental
and regulatory constraints. This creates a clear
opportunity to use slag based engineered aggregates as a
sustainable alternative to natural sand.

Figure 1. Slag landfill in North Macedonia (left), and the Gamblan coast affected by sand extraction (right)

Sustainable Slag Processing and Metal Recovery

The slag processing approach starts with targeted metal
recovery. In this step, residual nonferrous metals can be
recovered by carbothermic reduction using bio-based
carbon (biocoke) instead of fossil petroleum coke. The
slag chemistry is then adjusted in a controlled manner,
and the molten slag is subsequently granulated and
cooled under defined conditions to tailor particle size,
morphology, and phase composition for wuse in
cementitious systems.

Figure 2: Conceptual illustration of the slag treatment process applied to 40 kg of slag, including the major
output materials.
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This research was conducted as part of the project “Green Zinc: CO,-neutral zero-waste solution for zinc recycling” within the COMET programme,
funded by BMK, BMAW, Standortagentur Tirol, Kdrntner Wirtschaftsférderungs Fonds, SFG, and the Province of Styria. COMET is managed by FFG.

Environmental and System-Level Impact

This approach links lower-carbon metallurgy with
sustainable construction materials. Renewable carbon
can reduce CO, emissions during slag treatment, while
the use of slag as a sand substitute lowers the demand
for natural aggregates and supports the circular use of
by-products. The integrated concept combines metal
recovery, emission reduction, and sustainable material
use within one process chain.
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*Source and characteristics
*Calcination and pelletization
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Mortar/Cement Sample Preparation
*Substitution ratios (10%, 15%, 20%, 30% by mass)
*Curing periods (7, 28, 60, and 90 days)

*Compressive and flexural strength in air and water
*Leaching (long term)
*Frost resistance

Adjustments
* According to results, requirements,
experience and knowledge gained

Figure 3: End-to-end approach to slag refinement and application in cementitious systems

Towards Cement Applications

Current work focuses on
mechanical performance,
freeze—thaw durability, and long-
term leaching behaviour. First
results are highly promising,
showing compressive strength
comparable to or exceeding
conventional natural sand
systems. Leaching remains well
below legal limits, confirming
effective metal immobilization
within the slag matrix. Slag-
derived granulates show strong
potential as sustainable
alternatives to natural sand
cementitious materials.

Figure 4: Preparation of mortar samples
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