
EMERGEMAT 
9th INTERNATIONAL CONFERENCE 

EMERGING TECHNOLOGIES IN MATERIALS ENGINEERING 

22-23 September 2026, Bucharest, ROMANIA

FROM MINING WASTE TO SUSTAINABLE MATERIALS AND 

CRITICAL RAW MATERIALS RECOVERY: TECHNOLOGIES AND 

VALORIZATION PATHWAYS
Eniko Kovacs1, Anamaria Iulia Török1, Simion Bogdan Angyus1, Daniela Alexandra Scurtu1, Lacrimioara Senila1, 

Maria de Lurdes Dinis2, Ergin Gülcan3, Maria Paz Sáez-Pérez4, Jorge A. Duran-Suarez4, Erika Andrea Levei1

1Research Institute for Analytical Instrumentation Subsidiary, National Institute of Research and Development for Optoelectronics, Cluj-

Napoca, Romania; 2CERENA, Faculty of Engineering, University of Porto, Porto, Portugal; 3Hacettepe University, Mineral Processing 

Division, Ankara, Türkiye; 4Advanced Technical School for Building Engineering, University of Granada, Granada, Spain

Mining activities generate large volumes of tailings and other extractive residues that can create long-term environmental risks. At the same 

time, these wastes may contain critical raw materials (CRMs) and other valuable elements that remain unrecovered after primary processing. 

This study examines two complementary valorization routes: (I) CRM recovery through hydrometallurgical and bioleaching processes and 

(II) reuse of the residual mineral fraction in geopolymers and other construction materials. 
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CRITICAL RAW MATERIAL 

RECOVERY

Hydrometallurgical recovery

Bioleaching routes

▪ Pretreatment → Leaching → Solid/liquid 

separation → Purification → Metal 

recovery

▪ Key variables: leaching agent and 

concentration, temperature, liquid-to-solid 

ratio, contact time, and particle size

▪ Advantages: relatively fast extraction, 

high recoveries for suitable matrices, and 

selective downstream metal separation

▪ Limitations: high chemical consumption, 

complex purification of multi-metal 

leachates

▪ Microbial or metabolite assisted metal 

mobilization

▪ Suitable especially for some sulfide-

bearing or low-grade residues

▪ Advantages: milder conditions, 

potentially lower chemical demand

▪ Limitations: slower kinetics, sensitivity to 

process conditions, scale-up challenges

VALORISATION OF THE 

RESIDUAL MINERAL FRACTION 

▪ Residual solid characterization → 

Pretreatment/activation → Formulation → 

Shaping/curing → Material performance 

assessment

▪ Suitable for geopolymers and alkali-

activated binders, bricks and blocks, 

aggregates and fillers, backfilling and 

other construction materials

▪ Key variables: Si, Al, Ca and Fe content, 

mineralogical composition and amorphous 

fraction, particle size and specific surface 

area, curing temperature and duration, 

need for blending with more reactive 

materials

▪ Advantages: use of the bulk mineral 

fraction remaining after metal recovery, 

reduction of waste requiring long-term 

storage or disposal, potential 

immobilization of residual contaminants 

within the hardened matrix

▪ Limitations: variable and often low 

reactivity of mine residues, possible 

contaminant leaching from the final 

material

CHALLENGES CONCLUSIONS
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Sequential valorization: 

reduced final waste + improved 

resource efficiency

Valorization of the residual 

mineral fraction

Alkali 
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formulation

Geopolymers/ 

construction 

materials

Sequential valorization pathway

▪ Mine waste can serve as a secondary 

source of critical and valuable materials

▪ Hydrometallurgy and bioleaching offer 

complementary recovery options

▪ Sequential recovery and reuse can 

improve resource efficiency while 

reducing final waste

▪ Heterogenous composition and 

mineralogy

▪ Selective recovery of target elements

▪ Reagent, water and energy demand

▪ Quality and long term stability of residual 

solids

▪ Scale-up and environmental feasibility
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