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p From a Commitment to an Association

> Dec-13 — Apr-14 > Apr-14 — Dec-14
EIP-RM Commitments

Evropean
Commission

Mineral Processing and
Extractive Metallurgy for
Mining and Recycling
Innovation Association

A European
Hydrometalurgical
Institute

A European Pilot
Plant Network

METRET
A European research
s = UROPEM

extractive metallurgy

PROMETTIA

Non-Profit International Association
Officially created in Belgium (Jan.15)
Technical secretariat ensured by LGI
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Metnet: European Pilot Plant Network for Extractive
Metallurgy and Mineral Processing -

EIP Raw Material Commitment 2014, EIT Raw Materials Network of Infrastructure 2016

Metnet brings together the competence and equipment of pilot plants in Europe to
provide an overall solution for development, validation, and up-scaling of processes
through pilot scale testing for mineral and metallurgical processes.

Metnet provide upscaling infrastructure capability from raw materials to metals.
More info on the website: www.metnet.eu

Industrial scale = big investment Members of Metnet
BRGM, France

*+ CEA, France
*+ CRM Group, Belgium

ELKEM Technology, Norway

Pilot scale .
’ — minlniving risks . ERAMET Research, France

Extracthive, France

//\_/ * GTK, Finland
* IMN, Poland
Fab Seale = Smallimvestment *  Materials Processing Institute, UK

Swerea MEFOS (coordinator), Sweden

Production voluma

METRNRET
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p Mineral processing and extractive metallurgy for

mining and recycling innovation association

PROMETTIA
basic research to pilot scale demonstration
modelling to engineering

e

WATIR |
L [
! |

PYROMETALLURGY

Process evaluation and optimisation (LCA, LCC...), Market studies...

*l...-‘l’lll.ll‘lll.'ll‘..l..-l‘.'l‘i.*

HYDROMETALLURGY
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35 members (11/2016)

PROMETTIA

(" Academics
: i Chimie Paris
LAY 0
‘;\g_- ar B ;_;

" Industry / SME ~
AMPHOS® Wvaie

7\ ” POk Sestihoo We"er ~
: KU LEUVEN = .
s & EC& Recycling

TU Delft 343‘3‘?; Spin Off m

TASMAN

Pari<Tech

-
I w Teciasoss UnversiTaT METALS LTD

m KAISERSLAUTERN

=xtracthive

UNIVERSITY OF LEE:! '
) .@ .. @
\ \ T ﬁn.EH B /

/~ Institutes
N\
ﬁhrgm "WVITr 0 Associated Members
GTK
* Scaron Consulting ' (- !
instytut swereal/MEFos « WE Falck s A
Gliwice T + Jack Lifton
= « WMRC
ICCRAM.. Jore @Elkem * SIEMCALSA il )
\.. S D TR gy A Bluestar Company / « Junta Castilla y Leon SIE::E:E%[

* At November 2016, 29 full members + 6 associated members
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p PROMETIA
contributing to Capacity Building

PROMETTIA

development of skills, instincts, abilities and resources that are
needed to survive, adapt, and thrive in a fast-changing world

Devslop innovative technological solutions for
optimizing raw materials and waste treatment

Primary resource = sy

Oremining (&2 &
(clean, efficient, ==
accepted mines) = -

- .. Secondaryresources
- Industrial waste

(solving environmental
= iSSues by valorising by

Secondary resources g kg
Urban mines g5 -
(EoL products,

recycling waste)

- products)
Industry = T&E
To boost innovation capacity of raw > To enhance EU skills in mineral
materials related sectors in EU and processing and extractive metallurgy

create wealth in Europe “""'""--———--' and train next generation of engineers
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In the CIRCULAR ECONOMY

FPROMETTIA

Extraction

Residual waste
Landfill

From ERA.MIN2
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Circular economy

Mining vs Recycling...

PROMETTIA

Needs covered by recycling for a CRM having an annual
growth of 8% per year in demand

a0 o % Recycled Recycling EoL produc’Fs will nfever cover
S I— the needs of a metal in growing demand...
> .
O o ——90% The recycling rate, the collect and the
— —e-80% . . ] . .
= 7% it dilution in complex media are the main
70% )
-8 60% —e—60% ISsues
Ez ——50%
3 50% ——40% We need to develop new mining
30% . .
8 10% :m strategies, relevant in the European
() 2 « o
D 300 ——10% context... cleaner, safer, more efficient,
o —e-0% including the post-mine management.
20% . -
+ « sustainable mining »
O jo% S83SS
X £ £S5, .

0%

0 5 10 15 20 25 30 35 40 45 50
Delay before recycling (years)
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p The PROMETIA "value-flow": becoming an efficient

T link between industry and R&D

Promoting wealth creation and innovation
by strenghtening the link between industry and research

Industrial needs

R&D topics to the
Network coming from
pilot
platforms tests

Transfer
innovation to
industry

Survey on potential funding
sources, support to project

writing
: \\ J :
Funding 5\ <) ‘ Pilot
sources i | g Platforms
. . I
Gather the industries’ needs, I.. -
structuration of the needs, / F_|rst qualification on
coordination, Identification of _7 pilot platforr:ns before
key R&D partners R&D partnerS < transfer to industry
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At a glance...

PROMETTIA

Creation of a common multi-stakeholder platform focused on the refractory metals across their
whole value chain. This initiative involves partners from across the value chain, including mining,
processing, recycling, application, public sectors (national/regional/local) and civil society

21 consortium members + 30 External Experts AT

w w

19 Months, 1.5M€ Eomemesion
Project funded under the SC5 H2020 work-program, project n® 688993, 2016

Total 266250t 539000t JETT 4BE00T 8224501

100% Russla; 4%

Others; 1

Uzbeklstan; 102

0%

R0 LISA; Th%

Scrap S 0%
Generation on G

Poland; 16%

60%

EU Market

Others; 5%
50%

405
Uses
29

10

i

. Ta Re w
——3 Primary Flows Refractory Metals

——> ReaydigFlows  The refractory metals world annual production (2014)
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P RO

METTIA

State of
the art —

Governing Board

]
European !
Commission

Coordinator, PMO,
WPLs, EEC
coordinators

EEC
coordinator

EEC
coordinator

EEC

Market coordinator
External Expert Committee

1 representative
| partner

L

For each metal:

Mining/collection
(mineral) processing
Extractive metallurgy
 Hydro
 Pyro
Waste/ Environmental
impacts
Substitution
Policy issues/regulations

Stéphane Bourg
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State of the art
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PROMETTIA

MAP OF REFRACTORY METAL ). - i Deposits - reported amount of refractory matal
DEPOSITS IN EUROPE fi g b —————
(Mo, Nb, Re, Ta, W) y k>

. Deposit cantaining larpe amaurt of riakiur - coumssium (= 100 D00 t of NE20E)

@ epoeit corsain
@  Deposit cantaining small amout of nickium - columbium (> 2 000 t of Nb20S)

meekum smeank of niokium - celumbiam [ 10 000 1 of NE208}

. Depoclt cantaining larps amoun of tantslum > 2 6301 of Ta205)

@ Ooposit sarsaining medum ameant of antalum = 1000 t of Ta2G8)
it coreaining smal amount of antakm (= 2001 of Ta205)
ining supes-large amount of matbdenum (> 500 000 t of Mo metal)
(@) oot i s st ot s 10000t e

@ Dot continrg mecius st o iy - 500011 s et

@ Depesit cartaining small smount of malybderum (= 1001  of Mo meial)
@ et o m it st )

@ Depoeit cartaining meckum ameant of ungaten = 5000 1 of WG)
@  Depositcartaining small smount of Lingsten [ 500 1ol WO3)
Deposits - unknown amount of refractory metal
Small depesit contaiing therium
[ Loros capost comaining ratium
B Medium deposit containing riabium
= Small cepost conlaming nickium
[l Loros dsocait containing tantalum

S
[ (-

Bl Lavoe cepost containing eclyssmien
M Medium depcit cantaining molybdenum

= Small Geposi comisining mlyodkm
I Lovoe cepont contining hngeten

B Medium deposit cantairing tungsten

B Small deposit contsining fungsten
Occurrences - unknown amount of refractory metal
T Medum oseuTence containing thenium
Srmaloccuareree conwing e
Lavge occisnence contsining rictiuen
Vsm accumencs comaining ot
Smal| ooourrence comaining nickium
Large ccurense contsining tantslum

Meium occurence containing tantalum

Smal cecurrence cenlsirng tartaham
1 g ncrusmancs containing molghcarum
Wi tum aceueronca cantaining melytdsnum #
Sl sceurrente sentaag melyBsenm

Medium grcusrence coniaining tungsien

A aqad-ad-

Small cocurrencs conainng tungsten o
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MAPPING OF THE SECONDARY RESOURCES

PROMETTIA

Secondary resources of Molybdene Estimated Rhenium production from

Type of Company/ Location Grade of Mo Reserve, Mineralogy and Ref
Material Mine Characterization -
Waste tailings  Boliden Aitik Sweden 0.00027% Aitik porphyry Cu-Au-Ag-  [35], y I d t I
waste il S Bty e recycied materiais
36000 with a Mo
....... K
concentration of 0.849 kt. Mg
Tailing  produced  of
17700000 and 26 000
Kt/year of waste rock Germﬁ.n}' 4 - ﬂ
Waste tailings Knaben Norway 40 ppm acid- Inactive mine. [36] PD |and ﬂ5
Malybdenumines soluble Mo 8 million tonnes of waste
Molybdenita material produced and Frame 1 G
and Molybdate deposited in two ponds. =
(Mo0,*) 420000 tonnes have been Estoma 1.0
Associate with  washed and deposited . . —
fine-grained  sabdbars of the river. Czech Republic 0.5
silicates or Chemical ccomposition of
oxidates. tailing pond: Cu 215, Glﬂhﬂ.l 7' n
Size particle: Mo 51.
0.2-09 Other materials: Ba, Cu, K,
La, Li, Mg, Mn, Mo, §, Th,
Y,Zn
Waste tailing Boliden Sweden 2.9 mg/Kg 500000 tonnes of [18]

Sxpbey e Total quantities of WEEE collected in the EU28+

Ba, Fe, Ni, P, V, Zn, Cu.

=
Waste tailing ~ KGHM Lubin Poland 15 g/t Underground mine [18] N 2 0 1 2
Tailings: 27 000 000 kt/yr o rwa I n

Other minerals: V, N, Co,

Ag, As, K Large household appliances 1495000
Waste tailing ~ KGHM Polkowice-  Poland g/t Und d mi [18] -
e e = T e Small household appliances 224 500
o IT and telecommunications equipment 615000
Waste tailing  KGHM Rud Poland sg/t Und d mi (18] F
aste taing uina E Consumer equipment 572 500
2;1:;:unerals: V, N, Co, Other 18? UUU
Waste tailing  Kiruna and Sweden 15-11 ppm Iron mine [18]
Svappavaarra Other minerals: Cu, Nb, Ni, Tﬂ‘tal WEEE 3474000
Mine Pb, V, W, Zn...
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T
p,

peream

PROCESSING AND EXTRACTIVE METALLURGY UV Sy

PROMETTIA

A basic by-product Mo recovery
flowsheet from porphyry coppers

Mo tech oxide

Chemical treatment

\

FPRIMARY GYRATORY  CRUSHING
SECONDARY CONE CRUSHING
TERTIARY SHORT-HEAD CHUSHING

— Ci i Pure MoO3

ONE OR Two

' FEAGENT s,

I I STAGE GRINDING PO -SELECTIVE )

COMLECTOR (XANTHATE )

First-stage hydrogen B COMURDL (L ThaE )

' FROTMER  (minc)

w
"Doz ROUGHE R Gl"ll[llfl_ Lo
I COMNCENTRATE TAILS
(8-20% Cu, 0.7-0.5% M)
ge hydrog

Pellets for Ni-base & ' High-speed pressing
stainless steel alloy —gem Press & sinter mm Mo metal powder sms Spray dry s powder,
additions thermal spray powder

Add alloy ese el Blend

\

Pure or alloy powder

Molybdenium metal
and alloy production S S

(28-35% Cu. 0.1-2% Mol

in the value chains S —

COMDE T TOMNIRG

(shown in Figure 1). e

THERMAL O CHEMICAL

1 1 TREATMENT TO EFFECT REAGENTS (SELECTIVE )
Press-sinter-melt arc casting Press & sinter COPPER DEPRESSION COLLECTOR [OIL)
' l FROTHER IF NEEDED [ALCOSOL )
' DEPRESSAMNIS (MOKES, REACEMT
cast Ingot Pressed & sintered ingot [ moucier mour FioTATioN CYMIDES, Y DRI T )
n
Extrude |
. AMOLY COMCEMTRATE COFPER TAILS

Mill processing: Flat roll, swage, rotary forge, upset forge, etc.

\ \

Mill products: glass melting electrodes, plate, sheet, REGRINDING
foll, bar, rod, wire T
————————————————————————————————————————————— COUMTER CURREMT
FLOTATION

[ creaming Frovation |

—lluclﬂ MING
FIL TERING

THICKEMING ANMD

r

| correr LEAcHnc ] COPPER 1MGOT
*
| mackerinG ano FioreminG ]

AL YEOEMNITE COMNCENTRATE
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Current and future value chains
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PROMETTIA

The current value chains

Example on tantalum

As an example: Current value chain of tantalum (based on 290 MT/year)

SOURCES of Ta outside EU to EU PROCESSING INTERMEDIATE VAT END-USE BY
PLANTS PRODUCTS PRODUCTS INDUSTRIES
(MT of Ta)
25-33 MT
I Ta carbides I—>| Cutting tools Ii
Waste and scraps 160 MT EE— Processing | Machinery and
High temperature \ equipment
Extractive furnace parts
Metallurgy
. . 28-36
Ta fabricated sheets, Chemical process Chemist
Slag, ash and residues containing mainly Processin plates, rods, wires equipment )
Taand Nb 21,575 MT/yeaf (2014) | g
Prosthetic devices Medical industry
Extractive
Metallurgy .
I Ta powder I—P' Capacitors =iz ML" Automotive
Mineral
Ore and concentrates 0??? MT/year I ! ) ]
Processing | Ta nitrides I———}' Electronic parts |
Electronics
Extractive g ) 30-40 MT
Metallurgy —PI puttering targets
| Ta ingot |——>| High temperature alloys SEHER T Aerospace
o . <2 MT
SOURCES of Ta inside EU —PI Projectile for missiles I—P' Military
e Surface acoustic wave
EU mines : 5MT Others: Ta,0s, § X <5MT T !
1 filters, optical Various industries

* Echassiéres (F) resources: 5,000 MT =

Ta+Nb

LiTa0;, etc

EU Recycling

modulators, X-ray films

I Fessssnssssfeeennnnn®
[ —— | No current recycling

50 MT

] Ta loss in the
Metallurgical

wastes
(slag, dust, ...)

Very little recycling of scraps and

out of specification products wastes to the

environment

GLOBAL Ta RECYCLING <20%

(world rate ~20 %) MT = metric tonne

Stéphane Bourg PAGE 19



The future value chain
R B A Example on tantalum

As an example: Future value chain of tantalum (based on 400 MT/year)

SOURCES of Ta outside EU to EU PROCESSING INTERMEDIATE DU END-USE BY
(MT of Ta) PLANTS PRODUCTS PRODUCTS INDUSTRIES

N - 40-54 MT
Waste and scraps - 160 MT Processing Cutting tools H
Stablllsatlon Extractive \
Metallurgy

of imports

|

Machinery and I
equipment

High temperature

furnace parts

Slag, ash and residues containing mainly . Ta fabricated sheets, Chemical process HH .
Processing ) ) Chemistry
Taand Nb 75 MT plates, rods, wires equipment
Extractive Prosthetic devices Medical industry |
Metallurgy
161-217 MT
Capacitors H‘P' Automotive |
Mi |
Ore and concentrates 0??? MT/year I > |ner?
Processing
E I S e S S
xtractive i
SOURCES of Ta inside EU aeshE Electronics I
Metallurgy )
(MT of Ta) —>| Sput ering targéts
EU mines : Innovative
- I 64-114 MT
* Echassiéres (F) -resources: 5,000 MT Processing *" High tefhperature [lloys |‘ _>| Aerospace |
Ta+Nb 5MT
. <2MT
. ey, e —>| Projeclile for mis files I—P' Military |
EU mines : 1,5 MT Metallurgy
* Tréguennec (F): resources -1,600 MT
N ew Ta p— Surfaf e acoustic| vave -
Secondary 20 MT Innovative L':rz azt & fiters, opticll — —>| Various industries I
ReSO urces @n Gelliar s Processing ey ae modulitors, X-raf films
Secondary Innov. Extractive I
) 20 MT
High Grade Sn slags Metallurgy
.
| 1
Assumption:
. ‘

EU RecyC“ng New resources

Metallurgical | 1oace the recycling of scraps Recycling of some Ta loss in the

120 MT z?asée;ust ) and out of specification product Eol products wastes to the

’ n environment

New processes GLOBAL Ta RECYCLING in EU > 40 %
New facilities
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Innovation pathways

Stéphane Bourg PAGE 21



p FIRST TRENDS FOR INNOVATION: Mm \_,

Example on tantalum

PROMETTIA

1. Recovery From Slags

High-grade tin slags (>10% Nb+Ta)
- could be developed in Europe with no further R&D efforts

Low-grade tin slags (<10% Nb+Ta)

- Nno economic reason to be recycled

Copper smelting slag

B alimited R&D programme could be proposed, including recovery of the different
valuable metals (not only W)

2. Recovery of Ta from alloy scrap

e Currently Ta from alloy scrap is recycled to low-value mill products

 New process based on iodization of Ta scrap (Lessard, 2015)
s Process designed for the production of electronic grade Ta nhanopowders
—> clearly innovative but what about its cost at industrial scale?

Stéphane Bourg PAGE 22



p FIRST TRENDS FOR INNOVATION:

SUBSTITUTION

PROMETTIA

NIOBIUM
EU consumption of niobium - 24% of
global niobium consumption.
No primary niobium production in Europe
—> scrap is the only available intra-
European raw material source

Ores and concentrates, oxides and
niobium metal - Imported

Need to recycle and find potential
substitutes to satisfy increased demand
Potential (partial) substitutes for Nb in
steel: ‘Titanium & Molybdenum’ and
‘Vanadium & Molybdenum’ combinations

Stéphane Bourg

TANTALUM
no primary production of tantalum in Europe
clear need for substitution or increasing recycling rate
most substitutes have higher costs or adverse
properties.
In low performance capacitors, possible substitutes
exist (by aluminium and ceramics),
In other application areas possible substitution of
tantalum by niobium (CRM) is possible — rationale?

 In cemented carbides also titanium carbides (TiC)
and nitride (TiN) are possible

- In corrosion-resistant equipment: glass, platinum,
titanium, and zirconium

- In high-temperature applications: hafnium, iridium,
molybdenum, rhenium, and tungsten

PAGE 23



SCRREEN

Solution for critical raw materials,
a European Expert Network

PROMETIA




SCRREEN
e At a glance

PROMETTIA

This project has received funding from
the European Union's Horizon
2020 research and innovation programme

Compsissian under grant agreement No 730227

CEA FhG ISI & IZM LGl

AFNOR GEO-ZS Minpol

Amphos21 GEUS PNO

BGR GTK SGU

BGS ICCRAM Swerea

Mefos

30 Partners in the Consortium BRGM Idener Tecnalia
+60in the wide Network Chalmers IMN NTU Athens
30 month (+17?), (Nov-16 — Mai-19) (Jun-19?) ECODOM  JRC TU Delft
SMe ENCO KTN UNU
Coordinated by CEA ENEA Leiden Uni VTT
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p Objective

PROMETTIA

establish a
long-lasting Expert Network on Critical Raw Materials.

Addressing all the CRMs issues including mining, processing, recycling,
substitution and final applications in relation with the crosscutting aspects:
policy/society, technology, standards and markets.

Strengthening the CRM strategy in Europe.
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FROMET

COLLECT

M5
Launch Event of
the Expert
Network

Creation of the Expert Network

Substitution

Current
Use of CRM

Mapping,
Assessing,

Quantifying ‘

WEEE and other EOL
mapping

MB-15
Expert
Network Group
workshops
And Clustering

ANALYZE/INNOVATE

CAPITALIZE

M15-24
Expert
Network Group
warkshops
And Clustering

M18
Mid term Event
Clustering

Management, coordination of the Network

Gaps in technology
And innovation tracks

Finalisation of the
knowledge
management system,
Ensure the
dissemination of the
results

Use of CRM in the future

Gaps in policy and
tracks for evolutions

WEEE
Standards for treatments

M28
Final
Conference

To continue :
afterthe end of |
SCRREEN :

Stéphane Bourg
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PROMETTIA

EXPERT NETWORK

., Market
Association RErEilane

S,
Ressource
NetworkS, ‘ f Expert Group
Clusters, / F.f
Pro jECtS, ' . Technology
Pub“c )l Expert Group
bodies, |\ -
NGO Expert Group
RTO, Circular
- i Economy
Academla; '\ Expert Group
Industries,

Regions/Govern
ments/Palicy
Expert Group

Stéphane Bourg

Structure

12-Project Management

1-Network creation and management 11 - Clustering

2-Current and future use of CRM

3- Mapping the resources
9-knowledge

3 I t management

4-Production, State of the - 5-Substitution of -
art: l C(RM 8-The WEEE

" ‘l issues

6-Technology gaps/barriers and innovation i
pathways in CRMs value chain

3 | t |

7-Policy issues -

10-Communication/Dissemination

PAGE 28



A Comprehensive Knowledge Management Structure

PROMETTIA

| IKMS Web Portal |

"\IVRQE Wl MaEU = 't;

SCRREEN
Input

Filter Filter

e-Minercls Yearbook
e-ProSUM Stat Module
@-SCRREEN applications

= Pos— A ‘Web Services

S 5 s, (searchengine)

— ¥ eb Services eb Services
Tl’éexber_“l:d\ T T Methods & Tools w[l:::sms] [sm::n:sspnn.mwinu
System i o descriptions MSP-REFRAM |
Diffusion DB
MINATURA 2020 DB synchronization [SQL scripts} (+ diffusion
SMART GROUND optimization)

Harvesting DB

(+ quality controf) g [e— e
+ quality contro » I Documents &
EURare SW‘?" Urban mine: -
Minerals4EU SAESS - WEEE N
B -ELVs 1 E (]
REE - Spent batteries
Contlnental primaryand
P secondary resources -
g Confinentalresources at ’ El Portrayal AS an ’nput tO the
el Web Web depth
Services | Services | Services | Marine/offshoreresources . _E'F S EURMKWRM’S:
y y £ £rmy g,
Standardized dala i~ b

. the SCRREEN unified
| = vision of Knowledge
Ei‘? process and European —P U Management
- code Iists) provider (e.g.,

Fnai Provider Enai Provider I Eurostat} Diract exiraction Scatiered data

Stéphane Bourg

)

models (INSPIRE MR,
rional DB I ERMAL)

Mapping (ETL
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E b CONCLUSION

PROMETIA




p Activities

PROMETTIA

Support to ERA.MIN2 —- PROMETIA is member of the Advisory Board (advising
on the orientation of the calls)

PROMETIA support partner of the EIT-RawMaterials
Presentation of MSP-REFRAM at ECO-Recycling

Presentation of PROMETIA and MSP-REFRAM at ReinEU conference in
Bratislava, invited by DG-GROW

Presentation of PROMETIA at the EU-US-Japan trilateral conference on CRM as
an association contributing to capacity building in Europe, invited by DG-GROW

A position paper sent to the DG-GROW commenting the H2020 SC5 work-
program (and exchanges with Mattia Pellegrini on this paper)

Three MSP-REFRAM workshops

Videos and pictures at www.prometia.com
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p Conclusion

PROMETTIA

PROMETIA:

a focused network (mineral processing, extractive metallurgy),
about 35-40 members up to now
with people
 who meet and know each other
» who can work together, learn the ones from each others,
* who create synergism
With a high visibility at the EU level

For academia, being in contact with SMEs/Industry is a driver for orienting R&D and
making it attractive. It is also a driver for an up to date education program

For Industry, having direct access to research organisations can help when they have
specific issues to be solved rapidly. It is also an access to training forces.

R&D is better focused — importance of TRL 3-5 to fill the shelves and prepare the
future
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www.prometia.eu

contact@prometia.eu
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