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Background and approaches
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WhyVanadium?

Jarnets metallu rgl . from 0.29 % to 0.75 %V improving the yield strength by 44 %
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Vanadium Sources and Production

Presemnt Production
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V — an important metal for the EU
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Do we have V-resources in EU?

Primary source

Primary
Titaniferrous oremines
~1%V

Reductant N 60
Slag addmvejl V-slag, >10%V

(by pmdmt to steel)

Hot metal
\E o me a—}To the steel shop
04 1.2%V

Ore reduction unit V-recovery unit

» V-products

Mustavaaran
Kaivos Oy
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Secondary sources

SSAB,
EMEA

Iron ore pellets (cont. V)

Coke RCC\'Cling Disposal
Limestone P 200 000t steel slag
Bt cont. 6 000 t of V
Oxygen Steel'slag Potential raw
Scrap 400 kt material for
% Slag additives >3%V V-production
Etc. J
Blast furnace HOt metal » Crude steel
slag (>4%L Steol (low C, P)
Blast 0.4%V, 0.035%P)
converter
furnace
Ni, Mo, Co

Catalysts ——

——— VOx-ALO:s slag
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Background, Reduction trials to obtain a high V-

DIg 1ron

Fetot Vtot MgO A|203 S|02
Concentrate | 62.2 0.84 0.67

P,0Os CaO T|02

MnO
1.11 3.03 | 0.003

1.10 7.19 0.23

» Ore concentrate + 20 % V-rich (2-3%V) steel slag (SSAB)
» 39.5 tonnes of hot metal was produced containing 1.86%V
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Background, V-slag produced from the obtained high
V pig iron

» The hot metal produced in the
DC campaign was oxidized
using MEFOS 6 tonnes
converter

» The V-slag was composed of
16.8-20.1% V, 0.014-0.028% P,
5-6% MnO, less than 18% SiO2
and 24-30% Fetot

MKOy - MEFOS
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Standard routes for production of V-products from ore
concentrate directly, from V-slag and secondary sources

Semi steel<— Fe-extraction [~

(0.5-1.0% V)

\%
V-slag (>10% V)
(by-product to steel) Secondary V-sources
v (ash, spent catalysts etc.)

Grinding/Fe-sep.

MKOy- GTK

Alkali leaching Salt roasting Acid leaching
y
Water/alkali Leachable sodium
/acid leaching vanadates

Solvent purification
-solvent extraction

-ion exchange

k
\a

V20s-precipitation

!

Vanadium oxide products
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High T roasting and leaching of V slag

=>Conventional low T processing was found not suitable for
V-slag with very high V content

« Development of a new salt roasting technique - HIGH T
ROASTING

« Optimization of leaching procedure, e.g. time, pH,
temperature, particle size etc.
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Krista Pussinen, GTK Mintec Outokumpu Finland

_eaching

Water Leaching

- crushed V-slag -4.0 mm
- boiled water

- decanter 0.5-3.0 L

- mixing 150-200 rpm

Leaching procesure I Leaching procesure I1
- 4 steps (4x20min) - 1 step (120min)

- 4 filtrate = merge - 1 filtrate = PLS
together to get 1 PLS

solution

solution

Results of leaching tests gave evidence of succesfull vanadium
extraction: The highest vanadium recovery was 97 %
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- - - Krista Pussinen, GTK Mintec Outokumpu Finlanad
ES 7. l . . .
Reaction time 1min,

precipitation has been
started

Yellow vanadium

Reaction
time 7 h,
nice yellow

precipitate and filtrate

precipitate

‘ Almost complete vanadium recovery was achieved
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High T roasting and leaching of V slag

— Batch 52030-GTK —Batch 52031-GTK

75.5%V, 0.42%C,
0.08%P, 0.22%Si,
1.53%Al, 0.31%Cr,
0.13%Na

Amonium Metavanadate
NH4VO3

BRERB S EFE B ER
LS 255555535595
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Principle of carbo-oxychlorination
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Thermodynamic considerations

Vapor pressures of some metal chlorides (Metals
contained in BOF slag)
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Experimental set-up and procedure

Condensation areas:

Van ad | um EXtraCti on - Alumina condensers from 1 to 9,
. . - C be 10
by CaI‘bO-OxyCh I orl natl on - le)lgge;gi)rrwéuinio the reactor 11 (NaOH)

- Gas cleaning reactor 12 (water)
- Residue collecting: crucible 13

Large area of
condensation for
recovery of V and Fe
compounds

Steps of carbo-oxychlorination procedure:

- Mixing BOF sample and carbon,

- Heat-treatment of the mixture (up to 1000°C, 90 min, Air + chlorine)
- Washing condensation areas (condensed chlorides)

- Analysis of washing solutions (recovery yield)

PART OF RLSE

swerea|MEFos



Experimental results
Selectivity of the process
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Experimental results
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Products

clean Ca-Si
slag

Nodular Pig Iron Phosphorus

slag Ferrovanadium
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SSAB steel plants

Location map Y
with LD-slag supply lines to Raahe port s
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SSAB LD-slag 2.2% V

swerea|MEFos swerea

swedish research




Site at Raahe Harbour
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Summary of the EXTRAVAN project

» The EXTRAVAN project has demonstrated approaches for
efficient recovery of vanadium from primary and secondary
raw materials

» By the results from the EXTRAVAN project and previous
works, the whole production chain from reduction, oxidation,
roasting, leaching/precipitation, VOx- and FeV-making has
been demonstrated

» A novel carbo-chlorination process has also been demonstrated

» The EXTRAN project has also demonstrated the power of
cooperation between the EU R&D centers in the field of
mineral processing and extractive metallurgy for developing
new technologies for the EU mining and metal industry
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