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Initial bath of liquid material 

Feed holeOff-gas system

Injection 
lance

But first: where does the slag come from?
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Alloy phase starts to 
form and collects 
during processing

Lance gets 
submerged in 

molten material
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Decantation

Slag tapping

Alloy tapping
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Possible problem: metal losses in slags

7Bellemans et al., Advances in Colloid and Interface Science

Vol 255 (2018) P 47-63



Metal losses in liquid slags: Reactive origin

Slag

Metal

Melting experimentsSessile drop experiments

Cu + spinel Slag + spinel 

Slag + Cu + spinel De Wilde et al.  Bellemans et al.  
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Add slag cleaning step

Metal losses in 

slags after

metallurgical

process:

- Chemically

dissolved metal

- Entrained

metal droplets

Recovery of

- Chemically dissolved metal

Possible solution 

= slag cleaning in electric

furnace



Metal losses: electric furnace as solution

Electrodes

Slag 

Metal

Current

Submerged Electric Arc Furnace Power generation via Joule heat

𝑃 =
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𝑅𝑠𝑙𝑎𝑔~
1

𝜎𝑠𝑙𝑎𝑔

Karalis et al., Applied Mathematical Modelling

Vol 40, Issues 21–22 (2016) P 9052-9066 10
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2 contributions
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Intermediate: Fe2+ & Fe3+

Hundermark et al., 2004, VII International Conference on Molten Slags Fluxes and Salts
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12Boeykens et al., Electrochimica Acta
Vol 464 (2023) 142846
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Electrical conductivity – Ionic contribution

Gamry 1010E Potentiostat

Linear unit

Thermocouple

Pt-Ir/Al2O3 crucible

Pt-Ir electrodes in Al2O3 tube

Linear unit

Carbolite HTRV 
Furnace

Ceramic plug

dido

himm hbath

dwall

Boeykens et al.  



Results: Effect substitution of PbO by CaO
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Ionic conduction
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Add slag cleaning step

Metal losses in 

slags after

metallurgical

process:

- Chemically

dissolved metal

- Entrained

metal droplets

Recovery of

- Chemically dissolved metal

- Entrained metal droplets

Possible solution 

= slag cleaning in electric

furnace



Settling: slag viscosity

17

Slag viscosity = resistance against flow

Depends on: 
- slag structure
- temperature
- presence of solids 

Melilite

Spinel

“Reproducibility slag 
suspension viscosity 

measurements is low”



Heterogeneous (liquid + solid) slag viscosity

Heterogeneous slag viscosity

Liquid slag matrix Solids 

Vol% Size Shape Orientation
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η = ηliquid x fsolids (Φsolids ,morphology, orientation)
Various parameters, many neglected 



Methodology – slag system

Three datasets studied

19
Vergote et al., Journal of rheology 67

(2023), 1159–1174



Results: spinel – effect of size

Small – 13 µm Medium – 34 µm Large – 76 µm
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Larger spinel

Strong internal structure Weak internal structure

Φsolids ↑ = 
More particles

More structure 7.1 Φsolids

20

Vergote et al., Journal of rheology 67
(2023), 1159–1174



Smaller size

Increased shear

force

Interpretation: shear thinning - internal structure
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What to do after slag was cleaned?

Metal losses in 

slags after

metallurgical

process:

- Chemically

dissolved metal

- Entrained

metal droplets

Recovery of both types of losses

- Chemically dissolved metal

- Entrained metal droplets

+ investigate crystallization for 

use of cleaned slag as 

supplementary cementitious

material

Possible solution 

= slag cleaning in electric

furnace
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Measurement of crystallization

Vergote et al., Journal of sustainable metallurgy
2025



MD of slags Simulation Output
Slag structure

Thorough analysis gives
physical slag properties: 

✓Diffusivity
✓Viscosity
✓ Electrical Conductivity
✓ Surface tension
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Basicity = (MgO+CaO)/(Al2O3+SiO2)

Experimental MD: Exact MD: Assumptions

Opportunity: combination with modelling

27Mongalo et al., Journal of Non-Crystalline Solids
Vol 452 (2016), P 194-202

Zhang et al., Chemical Engineering Science
 273 (2023) 118642
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