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1600 m2 of total laboratory space

Section of Physicochemical Characterization of Materials

Section of Hydro- Bio- & Electrometallurgical Processing

Section of Pyrometallurgical Processing

Section of Environmental Protection & Soil Remediation 

Section for Pilot Scale Technology Demonstrations
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The development of Innovations in:

 Primary Metallurgy
o Aluminum
o FeNi
o Gold
o Copper

 Valorization of Metallurgical…………
& Industrial Residues

o Red Mud
o FeNi Slags
o Fly Ashes
o Perlitic Wastes



Innovations in Primary Aluminum Production
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Simplified flow diagram
of Bayer Process
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Simplified flow diagram
of new boehmite Process

1,8 GJ/t Al2O3

60%

THE CONCEPT
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Comparison of Bayer and Boehmite Processes

Precipitation Stage Bayer Process Boehmite Process
Efficiency 60 - 80g/L 60 -70g/L
Retention Time 24 - 72 h 24 - 72 h
Initial RP 1.1 1.1
Initial Seed Ratio 1 - 2 7 - 8
Temperature 55 - 60oC 90oC
Calcination Stage
Temperature 1100oC 700 - 900oC
BET > 80 m2/g 30 - 80m2/g
L.O.I < 1% 1.2 - 1.8%

The process patented but unfortunately never exploited
commercially
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Innovations in Primary Aluminum Production

Molten Salts Electrolysis

Al2O3 = 2Al3+ + 3O2-

Cathode: 4Al3+ + 12e- = 4Al

Anode: 6O2- + 3Cgraphite = 3CO2(g) + 12e-

 High Electrical Energy consumption
(an upgraded energy form with
high cost and exergy content) for
production of chemical work and
heat

 Increased Environmental Impact
due to mainly CO2 emissions

 Low volumetric efficiency due to 2
Dimensional Electrolytic Reactor.
That means, for a given production
capacity, a big number of cells and
therefore big industrial space are
necessary

Typical Aluminum Smelter

- around 300 electrolytic cells

- 125.000 ton/y Al production

New generation smelters

400-500 kton/y Al production

Located in Middle East, China, 
Russia, India, Malaysia and Africa



Al2O3 + 3C = 2Al + 3CO(g)

Cathode: 4Al3+ + 12e- = 4Al

Anode: 6O2- + 3Cgraphite = 3CO2(g) + 12e-

The Innovative Concept

 Substitution of a part of Electrical
Energy with the chemical and
thermal energy of carbon

 Decrease of waste heat

 Higher volumetric efficiency due to 3
Dimensional Reactor

 Potential for waste heat recovery

 For a given production capacity 
- smaller reactor size and thus 
industrial space
- less capital cost

 Decrease of CO2 emissions 



Concept:
Hollow electrode EAF

Feeding Alumina-Carbon pellets directly in the arc zone
Controlled feeding rate

No liquid phase formation 
Water cooled lid acts as condenser 

Argon Overpressure

Mode 1: High Temperature Carbothermic Process

CFD Simulation (Rectangular Channel with Fins) 



Mode 2: Solar Vacuum Carbothermic Process

Concept:

 Reactor under 
vacuum

 Concentrated Solar 
Radiation provides 
process heat

 Condenser before 
vacuum pumps 
collects the metal. 

Energy of the process = pumping work (electricity) + 
concentrated solar radiation. 



Mode 2: Solar Vacuum Carbothermic Process



Mode 2: Solar Vacuum Carbothermic Process

After testBefore test
Almost Pure Aluminum



Comparison of Processes 
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Red Mud 
2kg

Bauxite 
5.1kg

Al2O3
1.93kg



CONCEPT FOR RM VALORIZATION

Resource for 
Pig-Iron 

Production

Common 
Resources for 
Mineral Wool 
production
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Red Mud

Pig Iron

Mineral 
Wool

CO2 off-
gases



Innovations in Primary Aluminum Production
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1MVA dust 
treating AC 
EAF with 1 
ton Batch 
Capacity

Melt Spinning 
Fiberizing 

Line

25 tons of 
RM has 
been 

treated



Innovations in Primary Aluminum Production
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Pig Iron %w/w
Fe (%wt) 93.44
C (%wt) 4.59
S (%wt) 0.07
P (%wt) 0.22
Si (%wt) 1.12
Cr (%wt) 0.50
Total 99.94

Used in 
Secondary 

Steel 
Industry as 
21% w/w 

substitution 
of Steel 
scrap

White Iron 
Grinding Balls



Innovations in Primary Aluminum Production
R

E
D

 M
U

D
 V

A
L

O
R

IZ
A

T
IO

N

wool %w/w
Fe2O3 1.1
SiO2 26.5
CaO 23.4
Al2O3 31.1
Cr2O3 0.1
MgO 8.3
TiO2 6.1
Na2O 1.8

Wool of excellent quality
 λ = 0,034 W/m.K
 Mean Fiber Diameter 7 μm
 Bright white color (low Mn

content)
 High Mechanical resistance 

due to high TiO2 Industrial pipes 
insulation



Innovations in Primary Aluminum Production
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 Extrapolation for a 5.0 MVA EAF 
treating 1300 tons of bauxite 
residues and producing 442 tons 
of pig iron and 931 tons of 
mineral wool per month

 Pig Iron revenues  (calculated at 
a market price of 415€/t) 
amount to 25% of operational 
costs

 Mineral wool  revenues depend 
on market price (depends on  
product quality and market 
demand)



Innovations in Primary Aluminum Production

700.000 t RM/Year

475.000 t MW/Year



Current NTUA research activities on Bauxite residue.

Developing a sustainable production of REE from 
European primary and secondary resources

European Training Network for Zero-Waste 
Valorisation of Bauxite Residue (Red Mud)

Production of Scandium compounds and 
Scandium Aluminum alloys from
European metallurgical by- products

RECOVER Red mud and Copper slag Valorisation in 
Engineered Products



Recovery of aluminium from bauxite residue 

ROASTING 

BAUXITE RESIDUE FROM BAYER 
PROCESS

(Passed through 0.15 mm sieve) 

MILD ALKALINE 
LEACHING

Al3+ Pregnant Solution

SYNTHESIS

Al-salts Dissolvable in Ionic Liquid

DISSOLUTION 

PURE ALUMINIUM (s)

Al2O3 → NaAlO2 

Leached
 Residue

Spent
 liquor

ELECTROLYTIC  
PRODUCTION

BMPTFSI

Solution of Al-salt in Ionic Liquid

Na2CO3
Metal Oxides

NaOH
H2O

BMPTFSI

SMELTING 

BAUXITE RESIDUE FROM BAYER 
PROCESS

(Particle size of 90-125μm) 

ALKALINE 
LEACHING

Al3+ Pregnant Solution

    

 

  

Al2O3 → 12CaO.7Al2O3/CaO.Al2O3

Leached
 Residue

 

  

     

CaO 
Reductive coke

Na2CO3

H2O

Pig iron

Recovery of Aluminium Species from Bauxite 
Residue (BR) 

Identification of the aluminium minerals lost in the Bayer process in 
BR

 Simple minerals: Gibbsite, Boehmite, Diaspore, 

 Complex minerals: Hydrogarnet and Cancrinite (via 
desilication step of Bayer route)

Soda Sintering Process

 Sintering of soda and mild caustic leaching proposed to recover 
aluminium from bauxite residue.

 Optimisation results for 900oC sintering up to 70% Al recovery 
(14% Si) at 50% excess reagent or more with leachable solid 
solution in Na-Al-Si phases formed (Confirmed by Bruckard et al 
2010)



Iron oxide removal from Bauxite Residue through 
microwave roasting and magnetic separation

MICROWAVE 

WHIMS

CARBON
SOURCE

BAUXITE
RESIDUE

SINTER

NON
MAGNETIC 

Ti, Al, REEs Fe

MAGNETIC 

 0.6 KW are used to roast 10 g of BR mixed with a carbon
source by microwave radiation;

 hematite (Fe2O3) and goethite (FeOOH) are totally reduced
after 3 minutes to iron magnetic phases, allowing a magnetic
separation of the Fe content through wet high intensity
magnetic separator (WHIMS);

 the residue from microwave carbothermic reduction is 
enriched in Ti and REEs.



Ionic Liquid leaching for reactive metals (Ti, Sc, REEs) 
recovery

Leaching

Cooling at 
120°C

Filtration

BRIL

Leaching
media, DMSO

Non 
viscous/
volatile 
solvent
(DMSO)

Solid 
residue

 Development of a 
leaching process to 
dissolve metals from BR 
by using the hydrophilic 
ionic liquid Emim[HSO4] ;

 High recovery yields of 
Sc, Ti and Fe (75, 90 and 
100%wt. respectively), 
almost 100%wt. of Si and 
Ca and 70% of Al and Na 
remain in the residue 
after leaching.



Scandium/REE occurrence modes in bauxite

Laser ablation ICP-MS in-situ 
measurements demonstrate
the close correlation of iron
oxide phases with scandium
in Greek bauxites

• AlO(OH) — ~15 mg/kg Sc
• Hematite — ~200 mg/kg Sc

• Bauxite matrix — ~50 mg/kg Sc

24



Scandium/REE occurrence modes in bauxite

25 μm

• Surprisingly large mineral 
grains

• Various occurrence modes
• Primary, inherited 

from bauxite
• Secondary, created 

during the Bayer 
process

• Light and heavy rare earth 
phases



Selective leaching of Sc/REE with Ionic liquids

IL-PLS contains 60-80% 
BR’s REE, 30% of Al 
and 4% of Fe, almost 
100% Ca and NaLnCl3

 Selective recovery of 
REEs against Fe, Si, Ti 

 The structure of the  IL 
remains intact from the 
whole process of 
leaching and 
regeneration

 Aqueous Strip 
solution produced is 
suitable for  Sc
extraction (Sc up-
concentrates 8-12 
times from the IL-PLS)

 Pilot Scale tests under 
way for multiple cycles 
of IL regeneration

IL-PLS 1st

Strip: 
REEs

2nd

Strip: 
Sc

Rege-
nerated
IL

Solid Leach residue BR2

contains 56% Iron 
oxides, 12% alumina, 
7% titania and 6% silica



Mud2Metal Approach



The Future Greek Aluminum Industry



The Mud2Metal Target



The Economy
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