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VANADIUM LEACHING FROM SLAGS

LUHOVANIE VANADU Z TROSIEK

* Andrea Miskufova”, Tomas Havlik?, Jana Pirogkova®, Pavol Liptail’, Roberta Slezakova?, Patrik
Kuruc®

UTechnical university of Kosice, Faculty of Materials, Metallurgy and Recycling. Institute of
Recycling Technologies, Letna 9, 042 00 Kosice, Slovakia

*Corresponding author: e-mail: andrea.miskufova@tuke.sk , Phone: +421 55 6022400

Abstract

The paper describes vanadium leaching from steelmaking and ferrochromium slags in alkaline media.
Although, the content of vanadium in mentioned slags is relatively low (~ 1 - 6 %), its effective recovery
as a critical raw material for EU is highly demanding. In the experimental part of this work the slags from
EAF, stainless steel and FeCr production with vanadium content up to 0.07 % have been used. The
leachability of vanadium from three different type of slags in alkaline solutions (NaOH, KOH, Na,CQO3)
under oxidizing (O3) and non-oxidizing conditions at room temperature was tested. The results showed
that vanadium is only slightly leached from EAF and FeCr slags in NaOH and KOH (up to ~ 3 %). The
highest leaching efficiency ~ 19 % for vanadium was achieved from EAF slag using ozone after one hour
and the most suitable leaching media appeared 2 M Na,CO; with O flow rate 8g O;.h™. This work was
realized with the support of Horizon 2020 project (CHROMIC) under Grant Agreement No. 730 471.

Keywords: vanadium, alkaline leaching, ozone, steel slag, ferrochromium slag

Abstrakt

Predkladany prispevok popisuje moznosti lthovania vanddu z trosiek z vyroby ocele a ferochromu.
Obsah vanadu v tychto troskach je relativne nizky (do cca 1 %), avSak pri vysokolegovanych oceliach
mbze tvorit’ az 6 %. V experimentalnych vzorkach trosiek (EOP, FeCr a nehrdzavejucej ocele) bol obsah
V do 0,07 %. Vysledky luhovania trosiek (oxida¢né/neoxidacné) ukazali, ze V sa z trosiek v prostredi
NaOH, KOH luhuje len nepatrne pri teplote okolia. Posobenim plynného ozénu sa vytaznost V zvysila,
avSak najvys$sia vytaznost V (~ 19 %) sa dosiahla len pri troske EOP v prostredi Na,CO3 a prietoku
ozonu 8g/hod. Praca vznikla v ramci rieSenia medzinarodného projektu Horizon 2020 (CHROMIC),
podporeného grantom ¢. 730 471.

KPucové slova: vanad, alkalické luhovanie, 0zon, oceliarenska troska, FeCr troska

1. Introduction

Vanadium consumption in the iron and steel industry represents about 85% of the vanadium-bearing
products produced worldwide Vanadium is used as alloy together with Fe, Ti, Ni, Al, Cr and other metals
for many applications (train rails, tool steels, catalysts, aerospace etc.). Slags from the ferrous industry are
a major source of vanadium supply. Some portion of vanadium is associated within the aluminium
primary production. China, South Africa, and Russia are the largest world producers of ferrovanadium
and its oxides and Australia seems to be the major player in V production in the near future [1]. The
content of vanadium in metallurgical (steel and ferroalloy production) slags vary from 0.02 to around 6 %
[2]. Hovewer, since the majority of slags ends usually in civil engineering, cement industry and similar
applications, vanadium is dissipated and its value and potential for recovery is practically lost.
Vanadium-bearing materials could be treated by means of two main processes such as calcium reduction
or roast/leach together with solvent extraction and ion exchange techniques to recover vanadium either as
metal, ferrovanadium, vanadium pentoxide, or in the form of various chemicals. The aim of this work is
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to present the results for non-conventional leaching process of vanadium from different metallurgical
slags using ozone as an oxidant.

2.Experimental

2.1Materials and methods

For leaching experiments three different slag from steel production in EAF carbon steel slag (sample
CHR1), from ferrochromium production (sample CHR2) and from stainless steel (sample CHR3) were
used, Fig.1. The chemical composition of slags by using of atomic absorption spectrometry (HR-CS
FAAS ContrAA 700, Analytik Jena AG, Germany) is given in Tab.1. The content of V is generally low,
but the highest content was in EAF slag sample. The diffraction phase analysis (XRD) was realized by
powder diffractometer Panalytical XPert PRO with using software HighScorre Plus. In EAF slag the
dominant phases were FeO, gehlenit, calcium silicate (Ca,SiO,), magnetite and magnesioferrite. Cr was
identified as FeCr,0, (chromite) and Ca is present also in calcite CaCOs, or calcium aluminate. In FeCr
slag the phases indentified were mainly based on calcium and magnesium 2Ca0.SiO,, 3Ca0.SiO,,
merwinite, bredigite, periclase, gehlenite and spinel. Cr was identified in complex spinels
(magnesiochromite or spinel). The other possible Cr phase could be also CrPO,*6H,0. Stainless steel
slag contained merwinite, 2Ca0.SiO,, gehlenite, CaCOz; Ca;Si,O;F, (cuspidine) and y-Fe,0; —
maghemite. Vanadium was not identified in slags by XRD, but V could be bound together with iron or
magnesium as vanadate phases.

Slags have been ground in vibration disc laboratory mill and the sieved fraction -125 + 90 mm was used
for leaching. Leaching was conducted in apparatus containing glass reactor, which was connected in
bottom part with ozone generator (FQ-008/15) by silicone pipe. For ozone production the pure oxygen
(flow rate 250 I/hr) with maximum ozone flow rate 8 g of Os per hour was used. For leaching experiments
200 ml of solutions (2 M NaOH, 2 M KOH and 2 M Na,CO;) was used. The leaching experiments were
conducted with and without oxidizing agent — ozone at the temperature of 20 °C for 1 hour. The ozone
gas was blown into the reactor and disperzed in the solution by means of the glass frit. Since the leaching
solution was poured into the reactor, slag sample of 10 g was introduced and the suspenzion was then
stirred with magnetic stirrer (500 rpm). During the experiments, the liquid samples were withdrawn for
metal analysis by atomic absorption spectrometry (HR-CS FAAS (ContrAA 700, Analytik Jena AG,
Nemecko). After the chosen reaction time, the pulp was filtered and the leaching residue was analyzed by
X-ray diffraction phase analysis (Panalytical Xpert Pro). By realized experiments, the influence of
leaching medium, ozone concentration and reaction time on V concentration in individual leaching
solution (and efficiency) was monitored and compared.

' T
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Fig.1: Slag sample: a) EAF carbon steel slag (CHR1); b) FeCr slag (CHR2);
c) Stainless steel slag (CHR3)
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Tab.1: Chemical composition of experimental slag samples

Cr \ Fe Mg Ca Al Si

EAF CS slag

(CHR) 285 | 00717 | 31.82 | 14 | 1737 | 424 454

FeCr slag (CHR2)

3.64 0.016 0.428 3.89 31.9 2.29 13.49

SSslag (CHR3) | 595 | 00493 | 068 | 266 | 3062 | 119 | 11.58

3. Results and discussion

In Fig.2 is shown the comparison of V leaching results for three different slags in alkaline media (2 M
NaOH, KOH, Na,CQOs,) in the presence of ozone or without it.

Fig. 2:

CHR1 CHR2

V concentration [mg/]

V concentration [mgA1]

Time [min] Time [min]

CHR3

2M Solution, 200 ml, 10 g sample,
ambient temperature, 500 RPM
03: 250 I/hod, 33,5g/m3

NayCO3 NaOH  KOH

V concentration [mg/]

Without O3 o A) t
With O3 ® ry m

0 20 40 60

Time [min]

Leachability of V from slag samples in NaOH, KOH and Na,COj; at 20 °C and ozone flow rate 8g/hr

From the results shown in Fig.2 followed that V is practicaly not leached from FeCr and stainless steel
slags in NaOH and KOH solutions. On the other hand, sodium carbonate appeared to be a quite efficient
medium for V releasing mainly from EAF or SS slag. The maximum V yield 19 % was obtained using
EAF slag after 1 hour in 2 M sodium carbonate solution with ozone. In the presence of ozone V leaching
efficiency was higher for about 3 % in comparision to leaching efficiency obtained under similar
conditions without ozone for EAF slag. From FeCr slag V was leached up to 3 % and from SS slag up to
10 % by use of ozone. The efficiency of process is still quite low, but promising and the research in this
respect will continue. However, the problematic point in the case of sodium carbonate could be Si

leaching in

higher extent. Si from SiO, or silicate is probably leached by Na,CO; (reaction 1 and 2)

phases and V from potential phase like for example iron vanadate (FeVQO,), could be also leached by
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carbonate/bicarbonate species as follows from reactions 3 and 4 [3-4]. Reaction 5 and 6 with ozone
included in the leaching system are more thermodynamically feasible when compared to non-oxidizing
leaching conditions.

Si0, + H,0 + 2C04(-2a) = SiOy(-2a) + 2HCO4(-a) 1)
Si02 + 3C03(-2a) + 2H,0 = SiOx(OH)(-3a) + 3HCO(-a) @)
C03('23.) + FeVO4 + Hgo = VOg(-a) + FeO*OH + HCOg('a) (3)
HCOs(-a) + FeVO, = VOs(-a) + FeO*OH + CO,(q) (4)
1.55i0, + 4.5CO4(-2a)+0s(a)+3H,0 = 1.5Si05(OH)(-3a) + 4.5HCO4(-a) + 1.50,(q) ©)

1.5CO5(-2a)+1.5FeVO,+05(a)+1.5H,0=1.5V05(-a)+1.5FeO*OH+1.5HCO;(-a)+1.50,(q) (6)

4. Conclusion

The problematic aspect in V leaching from slags even by use of a strong oxidant (ozone) is extremely
stable structure of substances in which V is bound in slags. For example high intensive grinding was not
efficient enough yet, only high temperature fusing/melting or microwave digestion with alkaline
substances up to date. Since vanadium leaching using Na,COs; with ozone runs even at the room
temperature for EAF slag (~ 20 % after 1 hour), the process could be prospective from economical point
of view and more advantageous toward other methods (roasting/leaching etc.) when a higher leaching
efficiency will be possible to obtain for vanadium. The low temperature is important at ozone leaching
due to better solubility of ozone at low temperature. The aim of further work will be the study of
influence of leaching time, temperature, concentration of ozone or slag sample pretreatment on V and Si
leaching efficiency. The goal is to find the way how to more effectively “release” V from mineral
structures of slag matrix and selectively recover without Si excessive leaching and other metals present in
slags. The slag matrix (based on Ca, Si, Fe, Mg, Al oxides) should be as much as possible un-touched by
leching process and could serve then as full-valued construction material.
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Ustav recykla¢nych technolégii, Fakulta materialov, metalurgie a recyklacie,
Technicka univerzita v KoSiciach

Ustav recyklaénych technologii (URT) Fakulty materidlov, metalurgie
a recyklacie Technickej univerzity v KoSiciach zapocal svoju ¢innost’ 01.02.2016 a
bol zriadeny v ramci zmeny organizacnej Struktury vtedajSej Hutnickej fakulty
spojenim povodnych katedier — Katedry neZeleznych kovov a spracovania
odpadov a Katedry chémie. Poslanim URT je pokracovat v doterajSich
i, & pedagogickych a vedecko-vyskumnych aktivitich, skvalitnit' ich, rozvijat’ ich a
7 metaturge > napredovat’ s cielom dosiahnut’ trvalo udrzatel'ny rozvoj v danej oblasti v stilade s
legislativnymi a environmentalnymi poziadavkami sti¢asnej doby.

Ustav riesi problematiku spracovania a recyklacie odpadov s cielom materialovej recyklacie jednotlivych
zloziek v zmysle platnosti zdkona NR SR ¢&. 79/2015 Z.z. o odpadoch. a strategickych europskych
dokumentov v oblasti kritickych materidlov a kritickych kovov. Pozornost' sa zameriava na odpady
pochadzajice z priemyselnej sféry, ako su stery a trosky z vyroby hlinika, zinku
a inych nezeleznych kovov, ulety z vyroby Zeleza a ocele, ulety z pretavovania medi a iné, a zaroven aj na
spracovanie komunalnych odpadov a ich separovanych zloziek, najmi s obsahom kovov. RieSi sa
materialova recyklacia odpadu elektrickych a elektronickych zariadeni, pouzitych batérii a akumulatorov
a podobne.

Ustav sa ¢leni do troch oddeleni:

1. Oddelenie spracovania odpadov
2. Oddelenie environmentalnej analyzy
3. Oddelenie prevadzky

V stcasnosti Ustav recyklaénych technologii (URT) garantuje §tudijny program: Spracovanie a
recyklacia odpadov v studijnom odbore 4.3.2 Environmentdlne inZinierstvo vo Setkych troch stupnioch
vzdelavania a zdroven ma prava na udelovanie vedecko-pedagogickych hodnosti docent a profesor.

URT v ramci programu ERASMUS+ realizuje v pedagogickej oblasti spolupracu s: RWTH Aachen,
Nemecko, Aalto University School of Science and Technology, Finsko; Univerzita” degli Studi di
L’Aquila, Taliansko; National Technical University of Athens, Grécko; Polytechnio Kristis, Kréta,
Grécko, University of Birmnigham, Anglicko; Jagellonian University, Pol'sko.

Kontakt:

Riaditel’ Gstavu: prof. Ing. Tomas Havlik, DrSc.
Tel: +421 055 602 24 28
E-mail: tomas.havlik@tuke.sk
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Fond R. Kammela, n.f.

Fond R. Kammela, n.f. bol zaloZeny na pode Hutnickej fakulty TU v KoSiciach v
januari 2003 transformaciou z Nadacie R. Kammela ktora bola zaloZena v roku
1996 v spolupraci s viacerymi subjektmi Spolkovej republiky Nemecko. Je
zriadeny na vSeobecne prospesné ciele, najmi za ucelom rozvoja vzdeldvacieho
procesu a vedecko —vyskumnej c¢innosti Fakulty materidlov, metalurgic a
recyklacie (FMMR) TU v Kosiciach. Fond poskytuje financnt alebo materialnu
podporu poslucha¢om gradualneho a postgradualneho $tudia prostrednictvom
priamych mesacnych alebo jednorazovych prispevkov na podporu Stadia a
vedeckej cCinnosti, dalej jednorazovych prispevkov na Studentské akcie, ocenovanie vysledkov
Studentskej vedeckej Cinnosti, koncovych prémii pri ukonceni Studia, ocenenie obzvlast vyznamnych
vysledkov a podobne. Dalsou formou ¢&innosti fondu je podpora ¢innosti posluchacov gradualneho a
postgradualneho studia FMMR TU Kosice, prostrednictvom prispevkov na pedagogicky proces.Vsetci
zaujemci sa mézu uchadzat’ o ziskanie prispevku Fondu R. Kammela, n.f. priebezne cestou konkurzného
pokraCovania. BlizSie informéacie ziskate na kontaktnej adrese. Vsetky formy prispevkov do nadacie, ¢i uz
finan¢né, alebo materialne st predmetom individualnej zmluvy so $pecifikovanymi podmienkami. BlizSie
informacie o formach podpory nadéacie ziskate tak isto na kontaktnej adrese. DalSou moznostou ako
prispiet’ do fondu je tradi¢nou kazdorocnou formou poukazavania prostriedkov prostrednictvom 2 %
z dane.

Fond R. Kammela, n.f.
Technicka univerzita v Kosiciach
Letna 9/A

042 00 Kosice

Slovensko

E — mail: tomas.havlik@tuke.sk
Tel.: +421 55 602 24 28
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Laboratérium spracovania priemyselnych odpadov (LSPO)

Laboratérium spracovania priemyselnych odpadov (LSPO) vzniklo v roku
2013 ako vysledok spoluprace medzi Ustavom recyklaénych technologii
(vtedajsia Katedra neZeleznych kovov a spracovania odpadov) aZP
Vyskumno-vyvojovym centrom s.r.o., v oblasti recyklacie EOP uletov. LSPO
mozno oznaéit' za unikatny projekt nielen v ramci Slovenska ale aj EU (cena
odpadového hospodérstva SR Zlaty mravec 2013 v kategoérii Inovativne
rieSenie), ktoré disponuje Spickovymi analytickymi pristrojmi a materidlovym
vybavenim pre potreby laboratorneho vyskumu anajmi aplikovaného
vyskumu. Sti¢ast'ou vybavenia pre potreby aplikovaného vyskumu je pilotné
poloprevadzkové zariadenie na hydrometalurgické spracovanie EOP tletov.

Vystupy realizovanych vyskumnych uloh boli publikované v zahranicnych a domacich odbornych
¢asopisoch (publikacie aj v ¢asopisoch s indexom Current Contents a v ¢asopisoch v databaze SCOPUS).
Vysledky experimentov v oblasti spracovania priemyselnych odpadov boli tieZ prezentované na domacich
a zahrani¢nych medzinarodnych odbornych konferenciach a seminaroch. Rovnako je potrebné uviest' aj
spolupracu na poli T'udskych zdrojov ako je vychova kvalifikovanych odbornikov pre ZP a.s. (obhdjené
dizerta¢né prace, diplomové a bakalarske prace).

LSPO ponuka spolupracu najma v oblasti spracovania priemyselnych odpadov, konkrétne:

testovanie postupov a technolégii spracovania alebo upravy kovovych a kovonosnych odpadov
navrhovanie "procesov na mieru" pre zakaznika

prehl'adové vyskumné stadie v oblasti nakladania s odpadmi

identifikéciu a charakterizaciu odpadov

chemicku analyzu prvkov v odpade

iné podl'a dohody

www. Ispo.sk
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ZP Vyskumno-vyvojové centrum s.r.o.

Spoloénost’ bola zalozena ZP a.s. dita 1.8.2008.
—~ ¥ Nadvézuje na vyskumno-vyvojovi ¢innost, ktorej
/P Vyskumno—vyvo]ové bola v podniku ZP as. vzdy venovana Vel’ké}
centrums.ro. pozornost’. V predoslom obdobi bol vyskum a vyvoj
koordinovany vyrobnym a technickym riaditelom a
prislusné utvary boli na urovni vyskumu a vyvoja,
pripadne technického vyvoja. Dosiahnuté vysledky sa premietli priamo do kvality a vyrobnych inovacii,
vratane investiéného rozvoja ZP a.s. . Vytvorenim dcérskej spoloénosti ZP VVC s.r.o. je zamer
profesionalizacie vyskumno-vyvojovej &innosti s orientaciou na vyrobny program ZP a.s. ako aj d’alsich
firiem v rAmci ZP GROUP. V neposlednom rade sa predpoklada aj vyskumno-vyvojova &innost’ pre
externych zakaznikov. Ciel'om je vybudovat’ vyskumno-vyvojové centrum s medzinarodnou akceptaciou.
Stcasna vyskumno-vyvojova &innost’ je definovana v predmete &innosti. Viac informacii o ZP VVC s.r.o
najdete na: Www.zpvvc.sk

Laboratory of Processing Industrial Wastes was established withim the frame of long-term cooperation
between KNKaSO, TUKE and ZP VVC s.r.o. in the field of processing wastes generated in ZP a.s..
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PARTNERI A SPONZORI

ZP Vyskumno-vyvojové

centfrums.ro.

@ FMMR

CENSO

A AGENTURA

4mmm) NA PODPORU

v VYSKUMU A VYVOJA
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ZP Vyskumno-vyvojové
centrums.ro.

ZP Research and Development Centre, founded in 2008,
aims at production processes at Zeleziarne Podbrezova
and other companies within ZP GROUR, taking former R&D
efforts at Zeleziarne Podbrezova to a professional level.

ENVIRONMENTAL ASPECTS OF STEEL PRODUCTION

The Industrial Waste Processing Laboratory has been established
in cooperation of ZP Research and Development Centre and
Faculty of Metallurgy, Technical University of KoSice. It aims at
basic and applied research in industrial waste recycling, following
recommendations of European Commission.

EAF dedusting plant Hydrometallurgical
in Zeleziarne Podbrezova processing of EAF dust

MICROSTRUCTURE, MECHANICAL PROPERTIES AND
DEVELOPMENT OF NEW MATERIALS
* Microstructure analysis * Mechanical testing

+ Coating thickness evaluation -+ Heat treatment
* Microhardness evaluation + Calculation of TTT diagrams

MODELLING AND SIMULATION OF FORMING
PROCESSES

Numerical modelling of seamless tube production process at
Zeleziarne Podbrezova.

Sizing mill

Elongator

y
7}
== l"')
.. 4

Push bench Stretch-reducing mill

WWW.ZPVVC.SK
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NSTITUTE OF RECYCLING TECHNOLOGIES
TECHNICAL UNIVERSITY OF KOSICE

INSTITUTE OF RECYCLING TECHNOLOGIES
TECHNICAL UNIVERSITY OF KOSICE

A

Scrap Man

} X\

Recycling Lady
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