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Supplementary Material 
 

This file provides an overview of reactions related to each case study presented in the main manuscript. 

These reactions are simplified approximations based on stoichiometric compounds, i.e., 

multicomponent phases are not considered.   

 

Case study #1:  

• Roasting of pentlandite (Ni4.5Fe4.5S8) [1]:  

Ni4.5Fe4.5S8(𝑠) + 12.5O2(𝑔)→ 4.5NiO(𝑠) + 4.5FeO(𝑠) + 8SO2(𝑔) 

• Carboreduction of nickel monoxide:  

NiO + C(𝑠) → Ni(𝑙) + CO(𝑔) 

Case study #2:  

• Example of thermal decomposition of carbonates:  

(Mg, Ca)CO3(𝑠) → (Mg, Ca)O(𝑠) + CO2(𝑔) 

Case study #3: 

• Aluminothermic processing of niobium oxide [2]:  

3Nb2O5(𝑠) + 10Al(𝑠) → 6Nb(𝑠) + 5Al2O3(𝑠) 

• Aluminothermic processing of iron oxide [2]:  

Fe2O3(𝑠) + 2Al(𝑠) →2Fe(𝑠) + Al2O3(𝑠) 

Case study #4: 

• Carbochlorination of titanium dioxide [3]: 

TiO2(𝑠) + 2C(𝑠) + 2Cl2(𝑔) → TiCl4(𝑔) + 2CO(𝑔) 

• Magnesiothermic reduction of TiCl4 [3]:  

TiCl4(𝑔) + 2Mg(𝑙) → Ti(𝑠) + 2MgCl2(𝑙) 
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