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Abstract

Mineral carbonation involves the capture of carbon dioxide in a mineral form. The principal aim and advantage of this approach is the 

chemical stability (reduced free lime and improved leaching resistance) and storage safety of mineral carbonates, the opportunities for 

process integration presented by the technology, and the potential for valorisation of otherwise low-value resources (virgin or waste) into 

useful products. A class of waste materials that has good potential for implementation as a feed material for mineral carbonation are 

steel slags. An integrated on-site mineral carbonation approach is envisaged as a possibly economically favourable solution in this work.
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Innovative mineral carbonation routes
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Goals:

VCO2 sequestration;

VProduct quality improvement 

(strength, leaching);

VValuable materials formation 

(waste valorization).

Approaches:

i. Optimal introduction of CO2 along 

the hot-stage to cold stage process;

ii. Process integration key to reducing 

operating expenses and garnering 

industrial interest;

iii.Focus on process barriers (rate and 

yield) by applying localized energy;
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Barriers:

o Lack of legislative mandates in 

place;

o High energy intensity;

o Low reaction conversion;

o Slow reaction kinetics;

o Complexities of the production 

chain;

o Process adaptability;

o Competition for attention with 

alternative carbon capture 

technologies.

Solution: Process Integration x Process Intensification (ˉ2
)

Process Integration ( 1̄)

Process Intensification ( 2̄)

Slag BOF AOD LM/CC

CaO wt% 53.9% 56.8% 60.3%

MgO wt% 1.0% 7.5% 8.9%

tCO2 / tslag 0.60 0.71 0.76

Materials:

üBasic Oxygen Furnace (BOF) slag (steel)

üArgon Oxygen Decarburization (AOD) slag (stainless steel);

üLadle Metallurgy / Continuous Casting (LM/CC) slag (stainless steel).

Table 1: Carbonation potential of steel slags

slags/residues

·Slurry Carbonation:

- Buchi Ecoclave 300 Type 3E reactor.

- 20 to 250°C, 0 to 60 barCO2.

- High carbonation conversion.

- Ideal for carbon capture application 

and valorization of fine powder waste 

residues.

·Moist Carbonation:

- Sanyo CO2 incubator MCO-17.

- 20 to 50°C, 0 to 0.2 barCO2.

- Low cost, passive carbonation.

- Ideal for waste valorization (leaching 

reduction, swelling stabilization and 

pH neutralization).

·Sonicated Carbonation:

- Hielscher UP200S ultrasound processor.

- 200 W, 24 Hz, 105 W/cm2, 125ɛm amp.

- Localized energy (high T, P): turbulence, 

erosion, break-up, reaction activation.

- Ideal for changing and tuning particle and 

crystal morphology.

·Hot-stage Carbonation:

- Horizontal tube furnace.

- 20 to 800°C, 1 barCO2.

- Fast carbonation + waste heat use.

- Ideal for free lime stabilization and 

valorization into aggregates.

Fresh LM/CC slag

Carbonated LM/CC slag


