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Goals of the project

1. Develop and optimize a combined novel recycling process for waste gypsum and pyrite tailings.

1.1. Study and optimize the decomposition of pyrite to pyrrhotite.

1.2. Study and optimize the production of metallic iron from pyrrhotite using fossil-free reductant

1.3. Study and maximize the conversion of gypsum to CaO.

2. Evaluate the utilization of different sources of pyrite and gypsum.

3. Characterize and evaluate the generated products.

4. Evaluate the potential recovery of additional valuable metals as e.g. cobalt.



Project Implementation

WP 1, Project coordination

WP 2, Sampling and theoretical exploration

WP 3, Pyrite decomposition

WP 4, Pyrrhotite reduction and CaS formation

WP 5, Gypsum conversion

WP 6, Product and process evaluation



Project plan
2026

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

WP1 Pro je c t c oord ination

1.1 Coordination D1.1 D1.1 D1.1

1.2 Reporting D1.2

1.3 Dissemination D1.3 D1.4 D1.3 D1.5 D1.3/1.4 D1.5

WP2 Sampling and Theoretical exploration D2.1

2.1 Sampling

2.2 Characterization

2.3 Theoretical exploration D2.2

2.4 Experimental design

WP3 Pyrite Decomposition D3.1

3.1 Roasting in inert atmosp

3.2 Roasting in oxidative atmosphere 

3.3 Optimization and scale-up D3.2

WP4 Pyrrhotite reduction and CaS formation D4.1

4.1 Define the experimental setup

4.2 Optimization and up-scaling D4.2

4.3 Physical separation D4.3

4.4 Leaching and purification D 4.4

4.5 Integration and optimization

WP5 Gypsum conversion D5.1

5.1 Non-magnetic fraction characterization

5.2 Define the experimental setup

5.3 Define the optimum conditions D5.2

5.4 Up-scaling

WP6 Product and process evaluation D6.1

6.1 Quality of the recovered materials

6.2 Environmental, economic  and technical evaluation D6.2

6.3 System Analysis D6.3

2023 2024 2025



Project results so far

Sampling – ”Pure” pyrite tailings and Gypsum ”synthetic gypsum”

Pyrite tailings

Synthetic gypsum

Characterization

Elements Iron Sulfur Sodium Magnesium Aluminum Silicon Calcium Cobalt Nickel

wt.% 36.06 32.30 1.85 0.26 0.79 1.38 0.11 0.12 0.03

Elements CaSO4 Na2O MgO Al2O3 SiO2 Others

wt.% 94.00 1.80 0.50 0.80 1.00 1.90

Pyrite tailings

Synthetic gypsum



Theoretical exploration – FactSage (pure systems)

Project results so far 

Pyrite pyrolysis Carbothermic reduction of pyrrhotite Gypsum conversion

2FeS2(S)⇋ 2F𝐞S (S) + S2 (g)
𝐅𝐞𝐒 𝐬 + 𝐂𝐚𝐎 𝐬 + 𝐂 𝐬 → 𝐅𝐞 𝐬 + 𝐂𝐚𝐒 𝐬 + 𝐂𝐎 𝐠 𝟑𝐂𝐚𝐒𝐎𝟒 𝐬 + 𝐂𝐚𝐒 𝐬 → 𝟒𝐂𝐚𝐎 𝐬 + 𝟒𝐒𝐎𝟐 𝐠



Experimental results – Thermogravimetric analysis

Project results so far

Pyrite pyrolysis Carbothermic reduction of pyrrhotite Gypsum conversion

2FeS2(S)⇋ 2F𝐞S (S) + S2 (g)
𝐅𝐞𝐒 𝐬 + 𝐂𝐚𝐎 𝐬 + 𝐂 𝐬 → 𝐅𝐞 𝐬 + 𝐂𝐚𝐒 𝐬 + 𝐂𝐎 𝐠 𝟑𝐂𝐚𝐒𝐎𝟒 𝐬 + 𝐂𝐚𝐒 𝐬 → 𝟒𝐂𝐚𝐎 𝐬 + 𝟒𝐒𝐎𝟐 𝐠



Up-scalling

Project results so far

Pyrite pyrolysis Carbothermic reduction of pyrrhotite Gypsum conversion



Dissemination



Next Steps

• Postdoc arrival (expected early 2024)

• Continue with Thermodynamic modeling including impurity minerals

• Study the effect of different parameters on each of the proposed steps

• Optimization

• Study more complicated pyrite tailings and waste gypsum

• Product and process evaluation



Mining innovation for a 
sustainable future
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