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For a better future

CRM Group in a nutshell

Independent RTO founded in 1948
290+ researchers

Developing industrial solutions for process, product or
applications involving metals in many sectors
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>20 000 m? labs and pilot-scale facilities in Liege & Gent

Global presence with activities & customers all over the e 45+ industrial members,
world > 350 clients/year A
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Metal recycling platform @ CRM Group G
Real take-off in 2014... thanks to Wallonia/EU leveraging

ﬂ% a1 ’ Mﬂe?;ﬁ{ﬁ-gy Advanced Metal Recycling Processes and Technologies “ @ Rawl\:igfgr:ii -‘

2014 : U Liege and CRM among EIT RM
founding members
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2016 : start of first EIT RM projects

v’ Upscaling
v’ Education
v Networks of Infrastructure among which

PilotMet = IMIETRETY

(initiated within Prometia)

o (CRMao
PYROMETALLURGY
m MARICHAL KETIN l
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Upscaling in pyrometallurgy

CRM Group vs MIETREIETY
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Literature study / idea
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TRL1-2

- - L - Thermodynamic simulation
-
TRL5-6 7 TRL3-4 ¢
Plasma =7 et .
furnace
 Liquid slag .
Liquid metal (\6\\'\9(;(\
p CO 8
Gas/liquid/liquid Qt
R Separation/Partition
[ | -
Induct (+ SimuSage, HSC Chemistry...)
nauction
furnaces
TRL GO
>=7 . N . .
Pilot scale trials Lab scale trials Sampling

2) Validation of :

» technology : pre-processing & (s)melting
 process performances v’

 products quality (alloy, slag/matte, dust) v/
* impact on environment v’

1) Validation of

process feasibility v/
+ impact of basic

parameters v/

Specific conditions for
specific material

eminar - Metnet ses
a furnace at the ser
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Characterization
(XRF, ICP, XRD, SEM, etc.)
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RM GROUP

Conditioning for recycling @/A

Pre-processing of byproducts, manufacturing residues & end-of-life products for efficient recycling into
(pyro)metallurgical processes (direction reduction, (s)melting, fuming...)

On-line Dust
Measurement

Industrial partnerships
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Plasma furnace

15° maxi
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Furnace feeding:
Dosing hoppers & conveying system

Clean rooms for materials

preparation & crucible maintenance
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Plasma furnace — operation modes L

optional
Plasma EAF SAF (could be implemented
if interest for new projects)

With :

- bottom-blown stirring (Ar, N, ...)
- various sensing techniques

- injection lances




Main (first) plasma furnace applications =

v" Recovery of CRM’s from industrial byproducts, WEEEs,
e.o.l. batteries, magnets & catalysts...

o0

CH,
H'.

v Decarbonisation of steel industry : assessment (de-risking)
of various new steelmaking scenarios and technological é c»éi :_'
options

¥y
Q0 s &

CO, 100% 60-90% <20%

v Circular economy : valorisation of slags in industrial
symbiosis with wastes from other sectors
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Metal recovery from complex waste materials @Mﬁgﬁﬁgy ) [JBIRR i uropean union =
through combined Pyro- & Hydrometallurgical e eGenerton=t @RMGROUP
processes (simplified)
Additives
Industrial residues - (Alternative) reducing agents
, - Fluxes
- - Binders Sorbent
‘ S Pyrometallurgy Injec{c‘m
EOL products l Mixing, drying & 15" max; i . @
_ Batteries A\ agglomeration == coolngalr . g

'y

Clean
GRM GROUP Offgas Off
.'~’ C’{/@ &,_/ ‘I | gas

GGGGG N Nat.gas filtration
= N

Post-combustion

Catalysts

<+

Physical pre- chamber
treatment a ; HYd ro-
> ﬂ-ﬁ- metallurgy
# LIEGE W
universit - JGI
%GEMM: Pre-concentrated (') HYDROMETAL
dust Secondary
a ¢ | R n—g metals
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Construction Physical post-
Materials,... IR
- . e treatment | |
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F . P
AC5P On the road to a climate-neutral European steel sector @{{1

Near term (2030) Mid term (2040) Long term ( 2050)

Melting technologies to be

Low & medium

gradeore —>_ . __ Steel refining New technologies like direct reduction of iron and iron adapted vs new needs :
—— ___ - LadllieI JDEiclalssing Castina|  electrolysis will gradually replace existing technologies
o & medium ‘ cs Il u in parts of the production process v" Lower quality scrap
Il gradeore —=s s s s b s SN, ‘/ NeW DRI t es
—E::'_'_'.,_:'_:'j 3 M L v NG/ ﬂyzp based
grade ore e .
Lump ore reduction from high
- —m = = = o : Scrap Steel refining
L°":& me"'“"‘) - N ] —3| Ladle Degassing Casting grade Oores .
“== sinter plant il | Electric Smelter grade ore secee DRI ] PM } I/ o NS
= .- Pellet plant |/ (submerged Arc Furnace) Lump ore > T LT cs| | \M U —>| I | 4
Blast furnace (BF) E}J Grinding Reducing concepts for fines + CCUS + green carbon —, A _'_:’\ l “ ™
= L | Leaching 8
Direct reduction (DR) plant |J| High & . 7v 1 DRI/ HEI _%g | I I \—I *’m eAF
M Iron electrolysis Erade ore —
ump ore >
\ | Basic Oxygen Furnace | I I olten oxide electrolysis - \/ = i =
(BOF) I1 Moiten oxide electrolysi E*] i T From low-medium
High i ] — Ladle Degassing Casting g rade ores
”I Electric Arc Furnace (EAF) grade ore —)m —_— l HM l | I cs i | 1
\ -
HM Hot Metal CS Crude Steel \M u H
DRI Direct Reduced Iron MBI Hot Briquetted Iron | | = ™1 | DRI| 1 | PM =)
PM Pre Melt CCUS Carbon, Capture, ron ore > D | g o
Utilization and Storage . X

Source : https://www.estep.eu/assets/Uploads/SRIA-Update-Draft-V2-20230915.pdf
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https://www.estep.eu/assets/Uploads/SRIA-Update-Draft-V2-20230915.pdf

Industrial symbiosis for added value valorisation of slags 6ﬁ

ZeWa (ZEro WAste) project (FP5, 2001-2003)

New smelting reduction technology to valorise steel-making

Funded by the
Furopean Union

slags in synergy with residues from other sectors Updates 2022 :  =>» profitability vs CO,
Sensitivity study of CO, allowances on Pay-back time
Basic Acid Reductants ' 1.
Steel slags Fly ash Lime, Coke, anthracite, , | S
anddusts | | SR ASR, Bl ash bauxite FeSi 3 *
f? : Nov'20 i 14
~ 1L s 7Feb'22
Smelting reduction process % h*l Electrical heating
. ’ ” 4(‘302 emission allz.ivances [E/t CO:]0 100 w
Mineral product Metallic product Off-gas: CO, CO2 v Successfully tested at demo scale => other possible input materials
Ca0, Si02, (hot metal) Process dust: ZnO 5y -
AI203,MgO | | Fe, Cr, Ni,C, Mn, P o'
BOF Slag
8.3 Mt/y Re:iMnjud Cu Slag EAFC Slag
thy 5.7 Mt/y 4.1 Mt/y

=>» new green products : geopolymers,...
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C’InSGeP

Investigations of Slags from Next
Generation Steel Making Processes
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Grant N°
11112665

Funded by the
European Union

Research Fund
for Coal & Steel

FEhS (coord.)
CRM
Rina-CSM
K1-Met

BFI

SSSA
ArcelorMittal
Voestalpine
O.R.l. Martin
Sidenor
Saarstahl
Tenova

Primetals

R&D

Steel
industry

Technology

suppliers

Germany
Belgium
Italy
Austria
Germany
Italy
France
Austria
Germany
Spain
Germany
Italy

Austria

eminar - Metnet ses

- Objectives :

- understand the potential impact of next generation steelmaking on the resulting
new slags

- provide guidelines for their valorisation

-  CRM contributions :
o Future slag features estimation
o <> DRIs = EAF and SAF slag production

o Slag characterisation

(EAF model + lab tests)
(pilot plasma furnace)

(high temperature viscosimeter)

o Slag granulation

o Industrial symbiosis : mixing with other by-products to increase value

a furnace at the se

‘Forabetter future
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NEW : slag Granulation at CRM (pilot scale) H‘VDM%?E‘EE?SV 9 C

Mode 1 - ‘Free Arc’

« Synthetic slags OR remelting of industrial slag “ 2

» Selected technology = dry granulation

* reduced water consumption

* possible heat recovery Plasma

HOT GAS :/:Iiocny Magnitude (mi... .5
SLAG CONVEYED VIA GRANULATION ENCLOSURE > CLEAN GAS - >
SLAG POTS OR I FOR USE s 2

RURACE LAUNDERS L7 o o

P - 221

7 T ™~ 190

4,’:‘—‘-~‘\ 158

2%~ GRANUALTED PACKAGED o

GRANULATION GAS SLAG

| > GRANULATED SLAG -

FOR STORAGE OR 32 z
SALE 0 S |
mws Q.
GRANULATION (s} )
BLOWER

Schematic view example
[source : Lindvall et al. (2019), Stabilization of stainless steel slag via air granulation. Journal of Sustainable Metallurgy]

« Home-made design - under construction

tter future




Latest evolutions of regional context

Funded by =7
the European Union (@RM GROUP
NextGenerationEU

2022 - 2026 : platforms for industrial, technological and scientific excellence

in METALS AND MINERALS

Mine Urbaine - Collecte

" REMIND

Wallonia

REVIT=CH
<)
,,,,,,,,,,,,,,,, -,
EEEEE ( ) @g GROUP
1.
av fleverse +
g fleverse
Meta“urgy Metallurgy FHGITIUS 2.
||||||
3.
mmmmmmmm Haganés EMME()
It :Egiﬂm (f) :I‘;IDROMETAI. 4 .

Materials for renovation or sustainable
construction

High-performance concrete for
construction and offshore sectors
Hydraulic binder-free hardened
materials for road technology
Construction materials intended for
road technology
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Latest evolutions of regional context Gl

2022 7‘4 Adoption of WIN4C, a key Strategic Innovation Initiative about Circular Materials (Metals, Minerals and
Polymers) deployed as part of the Walloon S3 - Smart Specialization Strategy

WINgC

Plastics

Circular Materials

Metallurgy and

Batteries
Health

CIRCULAR

Construction WALLONIA

Conception
of agile
products

Engineering the Strategic

Water

Circular Economy Innovation Domains

Energy and
sustainable

housing

Textiles

Agri-food
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PROMETIA’S 10th SC|ent|f|c Seminar - Metnet sessmn Llsboa, Oth of November 2023

New CRM Group’s pllot scale plasma furnace at the serwce of circular. economy and energy transition % Eorapbetter future |



ZI Win4C - Objectives C

NETWORK ) , _ Want to know more:
Networking all players in the circular economy of Linked|
inkedIn

INNOVATION technological materials. Pool remarkable platforms

for the characterization, development, processing and

SUPPORT | _ . ah |
COMPANIES TO recycling of materials. Supporting companies in setting

SHINE up innovation projects and promoting them

INTERNATIONALLY . . , L.
internationally. Support Walloon actors in training and

TRAIN implementing the circular economy.

v' Plenty of collaboration opportunities between
Prometia/METNET and Win4C
v' a.0. new Upscaling capabilities vs new needs

Let's discuss about it...

\!
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ma furnace at
the service of circulareconomy
and energy transition
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