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CEA in a few words

Created in 1945 to give nuclear capacity to France, in 2010 the CEA became :

@ energie atomique -« energies alternatives

A change that reflects the activities and potentials of our
organization.

Low carbon energies (nuclear, renewables)

Defense and global security
Health and information technologies

Large research infrastructures

Training and education

10 centres de recherche

Valorisation and technological transfer

« ~16000 staff — annual funding : 4,7 billions Euros
« 2013 : 2 patents applicants in France with 754 patents

« Within 30 years, 157 start-up of spin-off

Stéphane Bourg MSP-REFRAM
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MSP-REFRAM Mﬁ&f

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

1 consortium members + 30 External Experts
9 Months, 1.5M€ T

’roject funded under the SC5 H2020 work-program, project n° 688993, 2016

Total 266250t 59000t 787t 48800t 82450t

R < Russia; 4%
Uzbekistan; 10% | _
90% - o
USA; 25% Others; 11%
Rwanda; 32%

80% USA; 16%

Others; 6%
60% | Mexim"s?’

Scrap 5 70% |

2 Poland; 16%
Generation on oland;

Nigeria; 8%
EU Market

Others; 5%

50% -

40% -
- =1
20% |

10%

0% | A % :

. Ta Re w
———————> Primary Flows Refractory Metals

—> ReayclingFlows - The refractory metals world annual production (2014)
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W academia

® public bodies

W RTO

MSP-REFRAM Consortium And EXt

M associations

W european initiatives M industry/SME

M experts

Stéphane Bourg
Christophe Poinssot

Name Short name | Count
COMMISSARIAT A L ENERGEE
ATOMIQUE ET AUX ENERGIES | CEA France
ALTERNATIVES
AMPHOS 21 CONSULTINGSL |50 "0° | spain
BUREAU DE RECHERCHES
GEOLOGIQUES ET MINIERES | ShoM [ France
FUNDACION CARTTF CARIF  |Span
CHALMERS TEKNISKA
HOEGSKOLA AB CEINENERS Sy
E-MDES EMINES | Framce
ERAMET RESEARCH ERAMET | France
GEOLOGIAN
TUTKIMUSKESKUS GIX Filo
UNIVERSDDAD DEBURGOS | ICCRAM | Spain
OPTIMIZACION ORENTADA A .
10 |1 A SOSTENBILIDAD SL DEER  |Spein
INSTYTUT METALI :
NIEZELAZNYCH — —
AGENCIA DE INNOVACION Y
FINANCIACION EMPRESARIAL | ADE Spain
DECASTILLAYLEON
TECHNISCHE UNIVERSITAET
KAISERSLAUTERN UNIKL | Germa
LAPPEENRANNAN
14 | TEKNILLINEN YLIOPISTO Lur Fiolao
INSTITUT NATIONAL
POLYTECHNIQUE DE LGC France
TOULOUSE
16 | SWEREA MEFOS AB MEFOS | Swede
NATIONAL TECHNICAL
17 |UNIVERSITY OF ATHENS - |NTUA | Greece
NTUA
TECHNISCHE UNIVERSITEIT | . )
[ TUDelt | Nether
19 geykmlogim tutkinmskeskus VIT e Finl
20 | LGI CONSULTING SARL Ia v—
21 PROMETIA Belgi
MSP-REFRAM
PAG



Developping new value chains

OMETIA

3rd WorkShop

Feasibility

Enhancing
refractory

State of Innovation
metals

the art pathways

analysis knowledge &

innovation

/ partner

P R O M E T I A ___________ 1 representative

Governing Board b

]
European 1 3
Commission

Coordinator, PMO,
WPLs, EEC
coordinators

EEC

Policy coordinator
External Expert Committee wp2

-

For each metal:
Mining/collection
« (mineral) processing
« Extractive metallurgy
* Hydro
 Pyro

Primary resource

o O O O O D O D O S O O S O N O e

—" = s e § « Waste/ Environmental
External Expert Committee . ;E Secondary mine %:_ impacts
EEC 3 = =
Market _ coordinator wp4  Substitution
External Expert Committee Urban mine - - -
4 » Policy issues/regulation:
MSP-REFRAM
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Mapping of the primary resources

OMETIA

Deposits - reported amount of refractory metal

®) Deposit containing medum amount of rhanium (> 50 t of Re metal)

AP OF REFRACTORY METAL ¢ - g . D Owpost curmaiireg Sl wnwurs uf 1weskan (9 1ot R ivist)
EPOSITS IN EUROPE S ve-. — =
flo, Nb, Re, Ta, W) /

..

J Bratislaya

W 1 e ncoumancs nniaining msyteiarue
V¥ Medium occurence containing molybdenum L
T Small cccurrence contanng malybdenum
¥ Medum occurence containing tungsten

¥ Small cccurmence containing tungsten

Stéphane Bourg MSP-REFRAM
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Company/

Location Grade of Mo Reserve, Mineralogy and Estimated Rhenium prOdUCtiOn

Characterization

te tailings
te rock

te tailings

te tailing

te tailing

te tailing

te tailing

te tailing

Boliden Aitik

Knaben
Molybdenumines

Boliden
Garpenberg

KGHM Lubin

KGHM Polkowice-
Sieroszowice

KGHM Rudna

Kiruna and
Svappavaarra
Mine

Sweden 000027%  Aitik porphyry Cu-Au-Ag-  [35], from recycled materials

(Mo) deposit Ore feed, (18]

36000 with a Mo ) Rhenium production,
concentration of 0.849 kt. Coun") Mg
Tailing  produced  of
17700000 and 26 000 Germanv 4.0
Kt/year of waste rock L
Norway 40 ppm acid-  Inactive mine. [36] Poland 0.5
soluble Mo 8 million tonnes of waste France 1.0
Molybdenita material produced and :
and Molybdate deposited in two ponds. Estoma 1.0
(Mo0,") 420000 tonnes have been Czech Repub] c 0.5
Associate with washed and deposited
fine-grained sabdbars of the river. Global 7.0
silicates or Chemical ccomposition of
oxidates. tailing pond: Cu 215,
Size particle: Mo 51. mgm .
£.2-08 Cther materials: Ba, Cu, K, TOtal quantltles Of WEE CO"eCted In the
La, Li, Mg, Mn, Mo, S, Th

v o Ta EU28+ Norway in 2012

Sweden 2.9 mg/Kg 500 000 tonnes of [18]
il
;h:f‘ﬁ;mls: e Category Equipment collected, tons
Ba, Fe, Ni, P, V, Zn, Cu. Large household appliances 1495 000
Forad L ;:::;i“;‘;";o'; o £ Small household appliances 224 500
zh:fs r:ineralsr V. N, Co, IT and telecommunications equipment 615 000
Poland 12 g/t Un’der'ground mine [18] Consumer eqmpmem 572 500
Tailings: 27 000 000 kt/yr
Other minerals: V, N, Co, Other 187 000
Ag, As, K Total WEEE 3474000
Poland 8g/t Underground mine [18]
Tailings: 27 000 000 kt/yr
Other minerals: V, N, Co,
Ag, As, K Buchert et al. (2012) give a rough estimate about Ta content in notebooks 1 700 mg/noteb
Swed 5- i 8 . , i .
wecen R s o N6, N, from which capacitors on the motherboard account for 90%, and capacitors on other prints
£, Vo W I circuit boards PCBs10%.
Stéphane Bourg MSP-REFRAM
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Processing and extractive metallurg

T T T T T T T T T ]

Mo tech oxide

Chemical treatment

}

Ammonium dimolybdate wsssm Calcination s Pure MoO;

I ;
First-stage hydrogen reduction

MoO,
Second-stage hydrogen reduction
Pellets for Ni-base & ' High-speed pressing
stainless steel alloy g Press & sinter mm Mo metal powder sssss Spray dry s powder,

additions thermal spray powder

Add alloy # e« Blend

\

Pure or alloy powder

1 1
Press-sinter-melt arc casting Press & sinter
Cast Ingot Pressed & sintered ingot
L}
Extrude
1

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

\ \

Mill products: glass melting electrodes, plate, sheet,
foll, bar, rod, wire

Figure 3 Molybdenium metal and alloy production in the value

chains (shown in Figure 1).

Stéphane Bourg

e ) :
Christophe Poinssot

PRIMARY GYRATORY CRUSHING
SECONDARY CONE CRUSHING
TERTIARY SMHORT-MEAD CRUSHING

ONE OR TwO REAGENT (N K,
STAGE GRINDING NON-SELECTIVE)

COLLECTOR (XANTHATE )
PH CONTROL (| Imy )
FROTHER (MIBC)

ROUGHER FLOTATION

ROUGHE R GENERAL MILL
CONCENTRATE TAILS
(8-208 Cu, 0.1-0.53 Mmo)

CLEANING
FLOTATION

CLEANER CONCENTRATE
(28-35% Cu, 0.1-2% Mo)

THICKENING AND
CONDITIONING
WITH DEPRESSANT

‘

THERMAL OR CHEMICAL

TREATMENT TO EFFECT REAGENTS (SELECTIVE)
COPPER DEPRESSION COLLECTOR (OIL)
l FROTHER IF NEEDED (ALCOHOL )
DEPRESSANTS (NOKES, REAGENT,
] ROUGHER MOLY FLOTATION CYNIDES, MYDROSULIHIDES)
MOLY CONCENTRATE COPPER TAILS

e [

THICKENING AND mm
REGRINDING

.
COUNTER CURRENT “&mn TING
FLOTATION
COPPER LEACHING COPPER INGOT

bnlcunuuo AND nu:nmc]

MOLYBDENITE CONCENTRATE

Figure 3-2 A basic by-product Mo recovery flowsheet from
porphyry coppers
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The value chains under drawing

Xxx tons

Yyy tons

Indus
waste

material
form 1

material
form 2

material
form 3

material
form 4

material
form 5

Proce

ssing
4

Zzz tons

product

product

product
3

product
4

product
5

product
6

product
7
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EOL

application
1

application
2

application

3
application
4
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Industry
2
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3
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4
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The value chains under drawing...

SOURCES of Nb OUTSIDE EU To EU NIOBIUM EU CHAIN VALUE

Fe-Nb ~20 000t/year

Slags ashes residues
~1 000 -20 000t/year

PRODUCTS APPLICATIONS
Ore and concentrates ~0t/year
HSLA FeN* SLA steels
Wastes ~0t/year
Stainless ' heat resistant
> 7 steels
A | Vacuum grade 'b and Superalloys
EU Industries [ NiNb
r
— metal and alloys Superconductors
N Nb ceramics Functionnal ceramics and
catalysts
SOURCES of Nb INSIDE EL
ELV ‘ PL Urbe ines
~1.5 MT/y PP P
0 t/year | 0t/yea Ot/year
Legend
EU Mine. Available ressourc.es in EU
0.5Mt available Flows of Nb used in EU
Ot/year
Stéphane Bourg MSP-REFRAM
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The value chains under drawing..

Leading mine
production

Mo
processing

Intermediate
products

End-use
products

~
United states Tool steels (8°" = L 'nd lighting industries;
o | Armenia / —_— = * Ele = and semiconductor industries;
£ | Australia _al Fr 6%) * High “erature and vacuum furnace
E Canada [ Ferromolybdenum ]é —~— e consti n,glass and ceramic inductries;
E, Chile \ Stain. veels /I~ — " Casting _.nnology and metalworking;
3 | China [ Technitaierade MoO —_— - e = Coating;
e | Iran ecinica grace MoO> ) Engineerh els 141%) = Muclear technology;
: Kazakhstan = Medicine (X-ray anodes, collimators);
[ =4 . \ ]
T Kyrgyzstan Mo Powder | _)[ Nickle all. %) Others.
§ Mexico =
= Mongolia Mo metals,>%) = Catalysts (Petroleum industries, etc.);
g Peru Mo chemicals ' N " Lubricant;
£ | Russia S _wnical products (13%) —=—>| = Pigment;
Turkey = Others.
Uzbekistan
%;
Waste rock Metallurgical “Seturing B
& tailings tes (slag, .S §
etc.) : . S
Otker industrial wastes and =
residues (such as Mo-containing ~25-33% recycled ,g Recycled but not for its Mo content
fly ash from the powder station) g
8
oo
b5
=
Mo loss in the wastes/residuals to the environment
Stéphane Bourg MSP-REFRAM
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A Comprehensive Knowledge Manage

Structure

Identification &f Internal
measurement of
Knowledge ” Internal KM tools
SIOWCERge Management P
% | - Document mgmt i
| - Workflow tools |
Knowletige I - Scheduling & |
generation : planning :
o - - Telepresence:
g m % : Webex :
3 T | - Face-to-face i
e = Knowledge | meetings |
2 storage/retention b i
Diffusion of the
information through
\ the PROMETIA
association
Communicatiocn
Irfd_ust ry ‘ g ‘ tools
CItIZ?nS . e ————
Rublicbodies Knowledge | - Project website
Academic audience f— disseminatiogn - Extemnal | - Flyer/Brochure
Stan.dardisation explokation Knowledge | - Publications
Bodies Management | - Videos !
' - Events ‘ PROMETIA
[ESEEmE P s e
> Stéphane Bourg MSP-REFRAM
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A common approach between MSP-REFRAM and SC

A Comprehensive Knowledge Management Struc

| IKMS Web Portal

EU-MKDP Web Portal

CRMKDP Web Portal

e | [ —

SCRREEN
input

Filter

. e-Minerals Yearkbook
e-ProSUM StahModule

v

ek
The MICA ) @ i [

Methods & Tools
descriptions

Web Services
(Stats, auto report, filtering...)

Web Services
(WMS/WFs)

e-SCRREEN applications

Web Services
(search engine)

MSP-REFRAM

Diffusion DB

Indexation

~

Expert °
System | S
s ©
@
MINATURA 2020

SMART GROUND

C’?

Harvesting DB

DB synchronization (SQL scripts)

(+ quality control)

‘ Harvesting

[

(+ diffusion
optimization)

Harvesting

EURare
Minerals4EU

REE
Continental primary and
seconddry resources
Continental resources at
depth

J Marine/offshoreresources

o 2 -
® ©
Web Web Web

Services M Services J Services

N F, N

tional DB

National DB

tional DB

Mapping (ETL q |
& B £iF process

Standardized data
models (INSPIRE MR,
ERML)
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Urbanmi
- WEEE
- ELVs
-Spent b

Web
Services

Cal

ne:

% @

atteries

[3¢] Portrayal

H Direct exiraction

As an input to the
EURMKB/RMIS:
the SCRREEN unified
vision of Knowledge

3it
LAY

Scattered data
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SCRREEN: Solutions for Critical Raw Materials

A European Expert Network

30 Partners in the Consortium
+ 60 in the wide Network

30 month , M€

Coordinated by CEA

Built by merging two initiatives, one driven by
PROMETIA, the other by former CRM_INNONET
Partners

Will start in December 2016

Mpsodilion, Create a Iong Iasting
B European Network orienting
S the CRM strategy in Europe

m SME/Industry

Stéphane Bourg MSP-REFRAM
Christophe Poinssot PAGE
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SCRREEN: Solutions for Critical Raw Materials

OMETIA

COLLECT ANALYZE/INNOVATE

M18
Mid term
Event
Clustering

Me-15
M5 Expert
Launch Event of Network
the Expert Group
Network workshops
And Clustering

Management, coordination of the Network

Gaps in technology
And innovation
tracks

Use of CRM in the future

Mapping,
Assessing,

Quantifying ‘

WEEE and other EOL
mapping

Gaps in policy and
tracks for
evolutions

WEEE
Standards for treatments

M15-24
Expert
Network
Group
workshops
And Clustering

CAPITALIZE

M28
Final
Conference

To continue |
after the end of |
SCRREEN !

Finalisation of the
knowledge
management system,

Ensure the
dissemination of the
results

Preparatory work made by the
sonsortium

Results discussed with the
>xperts during dedicated
vorkshops

Stéphane Bourg
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EXPERT NETWORK

Market
Association Expert Group
S,
Ressource
NetWOTkS, Expert Group
Clusters,
Projects, ETechncélosv
s t Group
Public S
bOdieS: Substitution
NGO Expert Group
RTO, Circular
Academia, Economy

Expert Group

Industries,

Regions/Govern
ments/Policy
Expert Group

A European Expert Network

The concept:

analysing the value chains of the CRM,
proposing innovative value chains,
identifying gaps/barriers in technology anc
policy that would limit their evolution,
proposing actions for improving the supply
of CRM in Europe

12-Project Management

1-Network creation and management 11 - Clustering

2-Current and future use of CRM

3- Mapping the resources
9-knowledge

management

4-Production, State of the I 5-Substitution of

8-The WEEE
issues

art: = crRm
1 | LI

6-Technology gaps/barriers and innovation

&

pathways in CRMs value chain

s st |

7-Policy issues -«

10-Communication/Dissemination



CONCLUSION

» A comprehensive knowledge of the refractory metals metal value chain

B Primary and secondary resources mapping.
B Production routes
B Needs and demand

> Tracks for potential innovation/breakthrough in these value chains

B Implement new R&D programs in Europe
B Increase the part of refractory metals produced in Europe both from primary
and secondary resources

» With the limitations...
B regulations, standards, policy...

> A flagship project for PROMETIA

> To be extended to all the CRM within SCRREEN

% Stéphane Bourg MSP-REFRAM
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www.prometia.eu/msp-refram/

European
Commission

Multi-Stakeholder Platform for a Secure Supply of Refractory Met
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