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RawMatCards

https://oa.upm.es/68534/

https://oa.upm.es/68534/
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CRMs CardGame

Antimony (51Sb) 
MINERAL(S) 

PRODUCTION: 161,948 tonnes/year (2012-2016) 
 
SUPPLY RISK (SR): 2 (2020)  

 
ECONOMIC IMPORTANCE (EI): 4.8 (2020) 
 
RECYCLING RATIO: 38 %  
 
SUBSTITUTION: 

- Manufacture of glass (compounds of 
chromium, tin, titanium). 

- Flame-retardant materials (alumina 
trihydrate, magnesium hydroxide). 

 
COUNTRY OF ORIGIN: China (74 %), 
Tadzhikistan (8%), Russia (4%) 

Antimonite (NaSb(OH)4), 
Valentinite (Sb2O3), 

Jamesonite ( Pb4FeSb6S14) 

 
Antimonite 

Source: Colecciones del Museo Histórico Minero D. Felipe de Borbón y 
Grecia. ETSIME-UPM.  

PROPERTIES USES 
- Combined with halogenated flame-retardant 

compounds constitutes a highly-effective flame 

retardant. 

- (With Pb) Improves tensile strength, corrosion 

resistance and charging characteristics in 

Lead-acid batteries. 

- Gives resistance to different metal-alloys. 

- Antimony trioxide (catalyst). 

- In the form of sodium hexahydroxyantimonate 

becomes a degassing agent. 

- Flame-retardant materials (plastics, wire 

coatings, upholstered furniture, car seats). 

- Grid plates, straps and terminals in Lead-

acid batteries. 

- Manufacturing of Low-load bearings.  

- Manufacture of plastic bottles (PET). 

- High-quality clear glass. 

 
 

Catalyst in PET 
manufacturing 

 
Flame-retardant plastics 

 
PbSb Batteries 

Vanadium (23V) 
MINERAL(S) 

PRODUCTION: 61,371 tonnes/year (2012-
2016) 
 
SUPPLY RISK (SR): 1.7 (2020)  

 
ECONOMIC IMPORTANCE (EI): 4.4 (2020)  
 
RECYCLING RATIO: 3% 
 
SUBSTITUTION: 

- Steel alloy (Mg, Mo, Nb, Ti and W) 
(tubes and pipes, turbines, 
automotive parts). 

- Ferrovanadium (FeNb). 
- Catalyst (platinum, nickel). 
- Paints, varnishes (titanium). 

 
COUNTRY OF ORIGIN: Refined: China (55 
%), South Africa (22 %), Russia (19 %) 

Patronite VS4 
Vanadinite Pb5(VO4)3Cl 

Carnotite 
K2(UO2)2(VO4)2·3H2O 

 
Vanadinite 

Source: Colecciones del Museo Histórico Minero D. Felipe de Borbón y 
Grecia. ETSIME-UPM.  

PROPERTIES USES 
- Considerable increase of strength with small 

amounts of vanadium. 

- Low-neutron-adsorption abilities and it does not 

deform in creeping under high T. 

- V2O5 catalyst. 

- Ferrovanadium / HSLA additive (mixed 

with Al or Ti alloys) is used in jet 

engines, high speed air-frames, axles, 

crankshafts, gears. 

- Nuclear reactors. 

- Catalyst (manufacturing of sulphuric 

acid and maleic anhydride and in 

making ceramics); added to glass 

produces green or blue tint. 

 
Jet engines 

 
V2O5 catalyst  

Nuclear reactor 

 

   

BARIUM (R56RBa) 
 

 
Baryte (BaSOR4R) 

Source: Colecciones del Museo Histórico Minero D. Felipe de Borbón y 
Grecia. ETSIME-UPM. 

 

Property: 

High specific gravity 

BISMUTH (R83RBi) 
 

 
Bismuthinite (BiR2RSR3R) 

[By-product of Pb and W extraction] 
Source: Colecciones del Museo Histórico Minero D. Felipe de Borbón y 

Grecia. ETSIME-UPM. 

4 2 TProperty: 
Sn-Bi Low melting point 

ANTIMONY (R51RSb) 
 

 
Antimonite (NaSb(OH)R4R) 

Source: Colecciones del Museo Histórico Minero D. Felipe de Borbón y 
Grecia. ETSIME-UPM. 

 

Property: 
Slow development of ignition 

   

 

 
 

Weighting agent in drilling fluids (Oil 
production) 

 

 
 

Fusible alloys in solders (replacement of 
harmful metals, such as lead) 

 

 
 

Flame-retardant plastics 
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Seminars

Circular economy and 

electric car batteries

Design thinking and 

entrepreneurship

Online

Face to

face
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WithScience…Conscience Short videos (max. 1 

min)

Importance of mining

and raw materials

Young audience

Easy to understand

Social Networks 

(Instagram)

Competition

TikTok short Videos 

How many views or likes can you reach?
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Solar Cells, Flotation, Copper recycling…

Electrochemistry and RawMatCards

Reclycing Blue and Recycling Game
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Project presentation
What is the project offers to high school students:

- a direct, immersive, contact with the raw materials sector, giving them 

a first idea of the real world that would facilitate their understanding of 

sector through seminars, practical experiences and strategies for 

understand the importance of energy transition circular economy and 

climate change. 

http://www.minasyenergia.upm.es/visita-360%C2%BA-etsime-upm.html
http://www.minasyenergia.upm.es/visita-360%C2%BA-etsime-upm.html
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Critical Raw Materials

http://www.minasyenergia.upm.es/visita-360%C2%BA-etsime-upm.html
http://www.minasyenergia.upm.es/visita-360%C2%BA-etsime-upm.html
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Circular Economy

http://www.minasyenergia.upm.es/visita-360%C2%BA-etsime-upm.html
http://www.minasyenergia.upm.es/visita-360%C2%BA-etsime-upm.html
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KEY PRODUCT VALUE CHAINS
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Critical Raw Materials Impact and contamination
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Electric batteries technologies 
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This internship-like initiative has been promoted by my Institution …

Name of the initiative: Raw materials key to our future

The following didactic approach has been pursued

Many students in high school are using internships as a strategy to help decide their major, bolster their college applications and gain 

experience to better prepare themselves

Under close supervision and mentorship of professional staff; undertakes one or more assigned activities and/or projects of fixed duration 

requiring a basic degree of knowledge and skill within a defined area of RM.

Promote problem-based learning, self-organization and learning by doing

Facilitate access to experimental platforms for hands-on training

Offer online courses

Actively involve University, Industry and Professional Labs in education

Develop Entrepreneurial skills

Create learning-by-doing Curriculum
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INITIATIVE DESCRIPTION

Duration of students involvement in the initiatives?
1. Early phase for the development of the activities:

- One week    

2. The final phase:

- Two weeks

In which period of the year?
From may to june

How many students per year are involved?
1. Pilot phase – 15 students   

2. The final phase: aprox.  5 students

How many Institution tutors per students are involved in the initiative?
1 per 3 students
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Students recruitment procedure adopted by your

Institution

To be considered for admission, applicants must meet the following 

requirements:

 Hold a minimum of a 4th year of high school (16 or 17 years old)

 Field of secondary level in science and technology education

 Students with a high interest on Earth sciences and Circular economy
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Specific scientific themes of internships

• Mining activities: 

New innovative mining technologies and research to enable a sustainable, efficient and successful mining 

industry 

now and in the future

• Processing of primary and secondary resources:

Improving, innovating and rethinking the processes and technologies involved can open up new business 

opportunities 

which are more efficient and have less of an environmental impact

• Modern-day solutions:

Problems with Fluctuations in resource quality, the introduction of new resources, increased safety demands, 

environmental impact, and increasingly rapid changes in demands and markets

• End-of-life-products
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Collaboration among Research organization/University/companies for the 

internship execution
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Output produced by  students at the end of their internship

All the things the student can gain from a RM  internship:

 New and improved skills: One of the most important things the students can gain from an internship is 

newfound knowledge.

 Work hard no matter what you’re doing: Always work hard even if your task is small and seems 

unimportant. We help to the students build a good work ethic

 Independence: Being able to work independently with little guidance is very important in the working world

 Increased self-confidence

 Enhances conventional classroom learning methods 

Internship is a great opportunity to gain experience, make friendships and learn!
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Final event of the intership

Interns look to their mentors and/or supervisors to help them transition from the classroom to the 

“internship place”. 

Mentors and/or supervisors regularly meet with interns to receive and provide feedback concerning their 

performance. 

During these meetings the students may: 

• Report on a project’s status 

• Participate in evaluating their strengths 

Typically supervisors are asked to evaluate interns at the midpoint and end of the internship. 

Company involved in the project are encouraged to review the internship with the intern before he or she 

leaves. 

Evaluations are helpful when determining the intern’s success within the organization for future 

internships.
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Which kind of scientific/technical skill did students developed during the internships?
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Societal skill?



Technological Centre for Safety and Quality in the 

Energy and Mining Industries

TECMINERGY

Thank you for your attention.

@LOM_UPM

LOM UPM

LOM (Laboratorio Oficial Jose María de Madariaga)


