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Context: Goals:
The steelmaking industry generates several by-products during the different stages
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of steel production. As a by-product, vanadium slag account for more than 60% of I’ Good propertiesto | ( Reducing emissions and 1! Reducing waste 1

the world’s overall production. However, it is tough to find vanadium in its pure - withstand harsh conditions | ! costs related to extract|on l ' byrecycling !
state as it occurs in combination with various minerals. Using secondary resources

for refractory castables solves the issue of natural raw materials, reduces costs
related to their extraction and processing, and is friendly to the environment.
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Development of Alternative Routes for Steelmaking

Reducing Iron Ore by Hydrogen (under development)
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Figure 1. Towards a new steel production route. S EEERETL o1 ol
Results and Discussion:
. Process 1 Mechanical properties
2 min 5 min Wet chamber Dryer 1500°C * Cold Crushing Strength determination (CCS):
Dry mixing mixXing 24h 24h 6h Cold Crushing Strength
— ' — ) ) ) 300.0
. ® 0% slag
£ Mold Demolding (&S 250.0 m 1% slag
Ffz 2.5% slag
_ 200.0 ]
Raw Materials H20 + Deflocculant - B 4% slag
% 150.0 m 5% slag
. Microstructural analysis after sintering at 1500°C m 5% slag FS10
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 Resonant Frequency Damping Analysis (RFDA):
Elastic modulus E and Shear Modulus G
140.0
m Average E modulus (GPa)
120.0 M Average G modulus (GPa)
100.0
O 56.28 57.09 57.56 55.28 57.02 56.68 57.55 g 20.0
N 0.06 0.15 0.30 1.84 -
° O 60.0
Mg 059 0.20 0.82 1.48 105.6
Al 39.54 39.40 42.44 41.16 42.98 38.88 37.55 40.0
Cl 0.19 20.0 44.45
Ca 325 3.16 3.07 3.27 1.37 0.0
V 0.28 035 0.21 0%slag 1%slag 2.5%slag 4% slag 5% slag 5% slag
A5 | f ) SR ' FS10
Flgure 2. Microstructure analysis of a castable with 0% slag; 2.5 wt. % slag and 2.5 wt.% cement and 5 wt.% slag after sintering Figure 3. Cold crushing strength experiment (Top) and resonant frequency
at 1500°C for 6h and corresponding EDS scans of the different points on the graph. damping analysis (Bottom) on castables after sintering at 1500°C/6h.
Conclusion: Ongoing work:
* Strength decreases significantly when adding slag to the formulation but the reference v Development of mineral processing route of aggregates and study of the behavior in
is based on high alumina castables, rarely employed in industries refractory castables.
 E and G modulus data do not display considerable deviation with the different v Further thermo-mechanical tests with castables containing vanadium slag as the
amounts of slag oonding phase.
* Vanadium reacts preferably with Mg, Al and Ca towards a stable phase after sintering v’ Different trials to extract the vanadium in a sustainable way
and does not attack the alumina grains. v Contact different slag suppliers for further comparison with current slag composition
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