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Rozdelenie oceli

Trieda ocele Druh ocele podfa chemického zloZenia

Obsah fosforu a siry v hotovom
vyrobku sa nezarufuje; zaruuje sa

10 Konitrukéné ocele obvykiych iba v skiSobnej vzorke pri oceliach
akosti (chemické zloZenie sa spravidla neudava | 10 400 210 431
a nezarutuje) Obsah fosforu a siry sa zaruéuje
11 v hotovom wyrobku, prip.
v skiSobnej vzorke
na cementovanie
12 uhlikove na zuslachtovanie
pruZinove
13 ocele: Mn; Si; Mn - Si
y E:;ﬁ:r““ﬁ”é e ocele: Cr; Mn - Cr; Si- Cr:
N . na cementovanie Cr- Al Cr - Mn - Si
usl‘achtlle( na zulachtovanie ocele: Cr - Mo; Cr-V: Mn - Cr - Mo;
15 (Ch_’emiCKe na priame kKalenie - Mn - CI"‘— V- Cr‘— Mo - V- ‘
?Jozeniev _ na nitridovanie Cr-Mo - A] ‘
sa zaruéuje TR : : :
o v hotovom ocele: Ni: Cr - Ni; Cr - Ni - Mo
vyrobku) Mi - Cr-wW
zliatinové s vy- ocele: koroziivzdorné
= sokym obsahom Ziaruvzdorné
prisadovych Ziarupevné
prvkov fyzikalne a i.
5 Spekané prasky ocelové a liatinové (uhlikové a zliatinove).
Spekané karbidy.
Mastrojové ocele:uhlikové.
o Zliatinové,

zliatinové rychlorezné,
Zliatinové na liate nastroje



Primesi v oceliach

* Primesi zavisia od typu ocele:

— Nizkouhlikaté
— Vysokouhlikaté

— Uslachtilé
— Specialne
— Ferozliatiny
primesi
C
skodlivé S, 0,, P, Ny, H, As, Sb, Pb, Sn, Zn, Cd, Hg, ...

zliatinoveé/prospesné

Mn, Si, Cr, Ni, Mo, V, W, Al, B, Co, Cu, Nb, Ta, ...

PVZ (dezoxidacia)

Ce, lantanoidy,....




Vyroba ocele

* Principialne moznosti
— Kyslikovy konvertor
— Bessemerov konvertor
— Thomasov konvertor
— AOD konvertor
— S-M pece
— Elektrické oblukové pece
—iné



Vyroba ocele.sk

* Principialne moznosti
— Kyslikovy konvertor - USSKe
— Bessemerov konvertor
— Thomasov konvertor
— AOD konvertor
— S-M pece
— Elektrickd oblukova pece — ZP, SSM
—iné




Vstupy pre vyrobu ocele

Surove zelezo

Srot

Troskotvorné prisady (kyslé, zasadité)
Kyslik

Dezoxidacné prisady

Desulfurizacné prisady
Defosforizacné prisady

Legury

Modifikatory



Materialové toky

Ironmaking processes Steelmaking processes
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Vstupy a vystupy BOF konvertor

VSTUP VYSTUP

Suroviny kg/t tekuté oceli Produlkity ==

suroveé Felezo®! 820 — 980 Bramy

Srot 170 — 255 Blokw 1000 kg

#elerna ruda 7—20 Sochory

ostatni material T—10 Ingotv

s obsahem Zeleza

Koks 0.02 — 048

NWapno 30 — 55 Energie MI/t tekuté oceli

Dolomit 1.5—-4 konvertorovv plyvn *# 0— 650 — 840

legury *2 3—9 para * 3 0—20—270

m?'t tekuté oceli Plynné emise o/t tekuté oceli

Kovslilk 45 — 55 prach 15 — 80O
Cr =9 0,01 —0.36
Cu*? 0.01 — 0,04

Energie MT/t tekuté oceli Ph*? 0,13 —0.9

remni plvn 20 — 55 hin *9 =<0,01 —12

Flektiina 38 — 120 NO= 5 —20

Para 30 — 140 CO 1500 — 7960
CO-.*" kg't tekkuté oceli 11.2 — 140
PAH *f mg't tekuté oceli 008 —0.16

PCDD/E pg I TEQT to°"

=< 0,001 —0.06

MNWm?='t tekuté oceli

stladeny vzduch

4 — 18

odpadni zbytky/
vedlejii produlty

kgt tekuté oceli

m*'t tekuté oceli

odsifend smuska

2102

- G| k2

YV oda 04-—5 konvertorova struska 5 — 110 )
struska ze selundarni 2 —16 7
metalurgie
vvhoz 4 -5
prach 1.5 -7
struska z kontinualniho 4_5
odlévani
valcovenskeé ologje 1.2 —6
sut 0.8 —5

m3t tekuté oceli

odpadni voda

G




V/stupy a vystupy EOP

Vstupy V¥stupy
SUROVINY
FRODUKTY
Srot kgt 1020-1130 tekuta ocel (TO) kg 100000
vapno kgt 30-20 EMISE
uhli kgt 13-15 prach gt 1-780°%
grafitove elektrody | kg't 1,543 Hg mg't 6-4470 -
vyzdivka kgt 1.9-25.1 (priam. 8,1 Pb mg't 16-3600°
tekuta tavenina | kgt Cr mg't 2-2500
DRI kgt Ni mg't 1-1400°F
surové zelezo” kgt Zn mg't 280436007
Cd mg't <1-7210
Cu mg't <1460 11
HF mg't <700-4000 12
ENERGIE
celkkova energie MIt | 2300-2700 HCI mg't 8009600 12
eleltiina MI't 1250-1800 S0y 't 24130 2
kyslik met | 2447 NOx 't 120240 15
co 't 740-3000 12
uzavieny chladici okruh | TOC g Cit 16-130 I
Voda
benzen mg't 1704400 1213
chlorbenzeny mg't 33718
PAH ! mg't 3.5-T1H
PCBI® mg't 15450
PCDD/F ug I-TEQt [0,0707
Pevné odpady/
vedlejsi produkty -
struska z pece Egt [ 100-150
struska z panve Eg't \ 10-30 /
prach Eg't =
zamwzdome cihly | Eg't 2-2
DE (A) 00-125

Hiuk




Svetova produkcia trosky / rok

e Svetova rocna produkcia ocele: 1.5 mld ton

— 1.2 mld ton primarna BOF
— 0.3 mld ton druhotna EOP

e Svetova produkcia trosky:
— 0.12 mld ton primarna vyroba
— 0.04 mld ton druhotna vyroba



Troska

* Troska je v zasade zliatina oxidov s moznym
obsahom mechanickych primesi taveného
kovu alebo vymurovky

» Ulohou trosky je oddelit neziaduce primesi z
taveniny a chranit taveninu pred vonkajsimi
vplyvmi

e Vlastnosti trosky — pridavok troskotvornych
prisad



Troska

ROzne zariadenia — rozna troska
ROzny vyrabany kov (= ocel) — r6zna troska

Rozny technologicky postup — r6zna troska

Vplyv vsadzky !



Zlozenie trosiek - priklady

Tapre 1: Chemical compesition of BOE EAE and Ladle Slags.

Crgide compoosition (%)

Rt ence Slag type Cald Sicy, Al Mg Feid Fe, (0 Fe S0 Ml Tic, Py Free Cald
[z etal. [7] R F 479 8 1. [EF.] 253 3 1.3 |

Juckes [&] BOF db =155 10,7=15.2 1=3.4 4.1=7.8 1924 0, =02 27=1.3 =15 25=12
Mahieux et al. [9] BOF 47.5 1.8 20 %] 226 1.9 0.5 27

Poh etal. | 10] ROF 522 10,48 1.3 5,04 17.2 10, 1 2.5 6 1.3 10,2
Shemetal [11] BOF 303 TR 0.98 H.5R 38,06 0. 4.2 09

Shi[12] B F Al-55 S0 1= S—15 10=35 G, =02 24 A=2 B, 2=2
Temsmvairenetal, [13] ROF 450 1.1 1.9 9.6 10,7 10,9 Al

‘L‘-':digul aetal, [14] BOF 4757 133 3.0 B4 24.4 2.6 ny 1.5 9.2
Huequan et al. [ 15 |II B F 4560 10=15 1=5 =13 =201 =9 11

Barra et al, [16] EAF 295 161 £6 ] 3256 41+ 1.5 [ AN+ ]

Lusin et al, [17] EAF 24.4 154 12,2 29 A 5.6 .56 1.2

bansoetal [ 18] EAF 239 153 7 LR 425 0.1 1.5 0.5
Shi[12] EAF A5-60 920 2-9 15 15300 0,1-02 -8 0-0.3
Temmvainenetal | 13] FEAF 388 1.1 f.7 EL 5.6 20,3 5

Taakiridis et al, [ 19] EAF 357 175 G.3 (.5 26,4 -5 | e

Micolae et al. [ 20] Ladle 196 14.7 256 7.9 .44 0,22 017 0g .4 nz

Shi[12] Ladle A0=60) 2=33 a=33 1=1i) =15 1=1 =50 0104

Cianetal. |21] Ladle 49,3 19,549 12.3 74 ny 1.4 L4 &
Setién et al [ 22] Ladle S0.5-575 126198 43-1Ra  T5-119 123 0405 0,309 {011 3519
Towmmavaimnenetal [13] Ladle 125 142 229 12.6 0.5 1.1 i, 0.2

.Thrril.l'lp\l:' ot wilues are cormpil ed based on the chermi cal campasition data from 4 diflerent soarces in Great Britain prosi ded by |u¥|ﬂ|.

".Kuruu.:u'l aal. [15] report dhemical cormpogtion of geel dag rom refining process (not sped fed s BOF),

= data not available,



Zlozenie trosiek - priklady

Typeofslag | S0, | Cr0y | AWO; | Ca0 | Mg0 | FeO | Fe0, / Fe v Mn Ti | Source
BOF 9-18 0 0928 | 3455 | 2510 n no|f 1430 03 | 09362 | (15]
931 0,20 2,20 45 | 8% n4 n o[PS 27 | R | (6]

LD 12-126 no | 122-158 | 47.88-500 | 08215 | 263-2789 | 143-279  n no| 020 | 0186 [ [10,17)
8,52 i 127 418 | 115 | 252 n no| 08414 | 309 n (18]

17,6 0,56 0,52 28 5,85 n n 173 165 | 7.l 250 [19]

EAF (carbon | 31,7 47 4.6 474 70 1,2 n n n n n [10]
steel) 256 2,00 10,6 316 119 145 n n 0028 243 | 048 [20]
EAF (high- | 8,39 n | 53,74 n ! 2095 no (020948 70 076 1]
alloy steel) [ 174 0,56 0,52 238 585 n n 173 588 1 7 2,50 [12]
Stainless | 293343 | 1888 | 2978 | 473510 | 49108 | 052 n 0 no| 054204 | 036042 | [22)
steel 26,5335 | 239-284 | 1,65-10,07 | 4327-541 (365859 | n [ 136143\ n 0 no| 013074 [23]
203640 | 367400 | 41345 | 367466 [ 4595001 09 | 61365 n |[ n n [4]

263312 | 55195 | 16697 | 455476 | 36573 n [\ 17574 n no (013068 [19]
Ferrochrome l 5 12 36 24 n Il \ n n n n [15]
2630 | 1416 | 2-4 23 24-26 24 0 NS n 0 n (1]

25-28 10-17 15-21 n 21-24 26 n n n n n (25]

0 | 6 5,86 095 1030 | 398 n n no| 02605 | 008 [26]

2530 | 10415 | 1622 35 2-25 25 n n n 0 n 27]

AODslag | 2467 | 05 1,07 559 5,85 1,15 n n 0,008 no| 04l [14]




Zlozenie trosiek - priklady

Component Ladle slag BOF-slag EAF-slag 1 EAF-slag 2

Fe203 %o 1.10 0.98

FeO %0 0.50 3.25

Fe met. o 0.44 0.06

Al203 %0 229 3.72

CaO %o 42.5 45.5

MgO %0 12.6 5.22

MnO %o 0.23 3.14 2.01 4.99
Si02 %0 14.2 12.1 32.2 14.1
Cr mg/'kg 2700 480 32700 26800
Mo mg/'kg 280 50 500 70

Zn mg/'kg 370 50 130 260

Ni mg/'kg 70 25 3180 90

Cu mg/kg 20 8 140 160

K mg/'kg 80 220 590 <20

Na mg/kg <20 <10 150 <20
P mg/'kg <50 2270 <50 2000
Ti mg/'kg 840 8270 7910 2400
\Y mg/'kg 280 14800 310 1700

M, 1.5 3.9 1.4 2.1




Zlozenie trosiek - priklady

Table 2 Typical compositions of iron/steel slag

Blast BOF EAF slag Feference
furmace slag Oxidation|[Reduction) OPC* | Andesite
slag slag slag
Ca0 41.7 45.8 228 33.1 64.2 5.8
510, 338 11.0 1 8.8 22 50.6
T-Fe 0.4 174 205 03 3.0 3.1
MgO 7.4 6.5 - 3 1.5 2.8
ALO, 134 1.9 6.8 16.5 3.5 173
5 0.8 0.06 0.2 0.4 2 —
P.O, =10.1 1.7 0.3 0.1 — —
MnO 0.3 5.3 79 1 - 0.2
* OPC: Ordinary Portland Cement Unut: %o



Zlozenie trosiek - priklady

Element mg/kg Elgment mg/kg
Fe 242000 /zn\ 244
Ca 221000 [/ ~b 198
Al 219000 [1sr | 178
Si 57700 [ [ cu | 166
Mg 45200 Zr 55.2
Mn 39300 Ni 45
Cr 7760 Pb 215
P 4600 Mo 20.6
Na 3700 Sn 17.5
Ti 2800 Co 5.8
Si 1260 As 5.3
v 1210 cd 0.45
Ba 728 Be <1.2
K 460 \| He / <0.41
w 410 \ /




Fazové zlozenie trosiek

Reference Slag Mineralogical phases

Barra et al. [16] EAF CaCOs, FeO, MgO, Fe, 05, CaAl(AlSiO7), Ca,SiOy4

Geiseler [29] o 2Ca0-Si0;, 3Ca0-Si0,, 2CaO-.Fe203,. FeO, (Ca, Fe)Oﬁ(calciowustite), (Mg, Fe)O
(magnesiowustite), free MgO, CaO

Juckes [8] BOF CsS, G,S, Gy F, RO phase (FeO-MgO-CaO-FeO), MgO, CaO

Luxan et al. [17] EAF Ca,Si0s, Ca,Al(AISIO;), Fe, O3, Ca;sMg,(SiOy4)g, MgFe, 04, Mn;O,4, MnO,

Manso et al. [28] Ladle AlLO4Mg, Ca(OH),, Si,0sCaMg, MgO, Ca3SiOs, -Ca,SiOy, y-Ca,Si0,, SO4Ca

Nicolae et al. [20] BOF 2Ca0-AlL,05:Si0,, Fe, 05, CaO, FeO

Nicolae et al. [20] EAF MnO,, MnO, Fe,SiOy,, Fe;Si0,

Nicolae et al. [20] Ladle Ca0-Si0;, CaOAL,05-2S10,, CaS, ALO;

Qian et al. [21] EAF y-Ca,Si0y, CsMS,;, CEMS, FeO-MnO-MgO solid solution

Qian et al. [21] Ladle y-Ca;Si0y, CsMS,, MgO

Reddy et al. [25] BOF 2Ca0-Fe, 03, 2Ca0-P,0s5, 2Ca0-Si0,, CaO

Reddy et al. [25] BOF4 2Ca0-Fe, 03, 3Ca0-Si0;, 2Ca0-Si0,, Fe, 04

Tossavainen et al. [13] Ladle Caj2AlL4033, MgO- -Ca;,Si0y, y-Ca,Si0y4, Cay AL SiO;

Tossavainen et al. [13] BOF B-Ca,Si0,, FeO-MnO-MgO solid solution, MgO

Tossavainen et al. [13] EAE Ca;Mg(SiOy),, ﬁ_C%Siz“IItSiii::?l( ;21ing?l;;jloijgf\g:géizl?/g}(F(;, 31}204, wustite-type solid

Tsakiridis et al. [19] EAF ,Si04, 4Ca0-Al,O5-Fe, 03, AZAI(A\l;glgT )510235105, 2Ca0-Al,05-5i0,, FeO, Fe; Oy,

Wachsmuth et al. [30] BOF Ca,Si0y, CasSiOs, FeQ, 2Ca0-Fe, 04
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Porovnanie trosiek

Oxides % (by weight) Oxides % (by weight)
CaO 39.40 CaO 47.52
FeO 30.23 Al O; 22.59
Si0, 11.97 FeO 7.61
MgO 9.69 MgO 7.35
MnO 2.74 S0, 4.64
ALO; 2.16 SO; 2.28
P,0s 1.00 MnO 1.00
TiO, 0.40 Cr,0s 0.37
Nazb 0.25 Ti0; 0.33
Cr,03 0.20 P,0s 0.09
K20 0.05 Na,0 0.06
Cl 0.01 K20 0.02
SO, 0.12 Zn 0.01
LOL? 1.80 LOT 6.20

BOF troska EOP troska



RTG fazova analyza
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/lozenie trosiek

* Oxidy Si, Ca, Mg, Fe, Mn, ...

— Skla, inertny material, stavebnictvo

* Minority
— materialova recyklacia
— dalsie moznosti !



Zlozenie - minority

kov oceliarenska troska
[ppm] | konvertor | EOP | panva konvertor | EOP | panva
Nb 30.4 146 2.5 Eu 1.74 0.15 0.31
Ta 1 22 0.2 Gd 6.96 0.8 1.6
Sc 14 1 3 Th 1.13 0.1 0.2
Y 34.2 4.1 13.8 | Dy 0.58 0.9 1.6
La 360.6 9.4 127 | Ho 1.29 0.1 0.3
Ce 73 18.1 | 26.3 | Eu 3.62 0.5 0.8
Pr 8.55 2 3.4 | Tm 0.5 nd 0.1
Nd 31.3 8.4 124 | YD 3.16 0.3 0.7
Sm 0.33 0.9 1.8 Lu 0.48 nd 0.1
#PlVZ | 26134 214.75 | 81.87




Vlastnosti a moznosti trosiek

References Slag type
Ali et al. (2013) Cu
Altepeter and James (1992) Zn

Alvarez-Valero et al. (2008)
Alvarez-Valero et al. (2009)
Bama et al. (2012)

Bama et al. (2004)

Bidverman et al. {19497)

Bayless and Schulz (2003)
Bayless et al. (1998

Bosso and Enaweiler (2008)

Bril et al (2008)

Butler (1977)

CDM Fed Programs Corp. (1993)
Chaudhuri and Newesdy (1993)
Chaurand et al. {2006)
Chaurand et a a7
Chirikure et al. (2010)
Costagliola et al (2008)

Cravotta (2005)

De Andrade Lima and Bernardez
(2011)

Dve Angelis and Medid (2012)

De Windt et al. (2011)

Douglas and Zerbino { 1986)

Douglas et al. (2012)

ELTROSLAG (2003)
Fillman and Hartlén {1994)
FHWA [1997)

Ghoret al (2000)
Gee ot al. (1997)
Heimann et al. {2010)
Ivanow (2000)

Base metals (Cuw Ph, Zn)
Baze metals (Cu Ph, Zn)
Steel

Fb,Zn

Steel

Fe, steel

Fe, steel

Fb

Zn

Fe

Baze metals

Pb-Zn

Steel

Steel

5n

Base metals ( pyrite, Cu-Fb-Zn,
Ag) Fe

Fe

Fb

Steel

Steel, Cu, P, Ni, Pb
Steel

Zn

Mi

Fh

5n

Fe, steel, Cu, Pb

References Hag type
Johnson et al. (1982) Cu
Kierrzak et al. {2009) ]
Kiemrzak and Pietranik (2011) Cu
Kiemrzak et al. {2013) Cu
Kourounis et al (2007 ) Sreel
Kucha et al. { 1996) Zn-Fb
Lagos and Luraschi { 1997 ) [aif]
Leonard et al. { 1977) Cu, Pb
Lewis { 1982) Fe

Lottermoser { 2002
Lottermaser { 2005
Mahé-Le Carlier et al. (2000)
Manasse et al. (2001)

Manz and Castro (1997 )
Matthes [ 1980

May and Peterson (1991)
MilaZit et al. (2011)
Maorrison and Gulson (2007)

1
1
1
d

Morrison Knudsen Corp. {1992)

Muhmood et al. {2009)
Marayan { 1995)
Mavarmro et al.

Mavarmo et al. (2010)
Melson (1993)
Ohet al (2012)
Parsons et al. {2001)

Partymiller { 19492 )
Pérez-Lopez et al (2008)
Pérez-Lopez et al (2010)
Piatak et al. (2004)
Piatak and Seal |
Piatak and Seal |

10)
12a)

Proctor et al (2000)
Puziewicz et al (2007 )
Rai et al. (2002)

Rizza and Farthing {2007)
Roadcap et al (2005)
Robbins et al. (1983)
Rosado et al. {2008)

Sdez et al (2003)
Scheinert et al. (20049)
Scott et al. { 1986)

Seignez et al. [2007)
Seignez et al. |
Severn et al. (2011)
Shen et al. {2009)
Sidenko et al. (.
Singh et al. (2008)
Sobanska et al (2000)

Suer et al. (2009)

Swvirenko et al. (2003)

Tack et al. {1993

Tatarinow ( 20032)

Tetrma Tech Inc (1985)
Tossavainen et al. (2007)
Tsakiridis et al. (2008)
Twidwell {1983)

Twidwell and Mehta (1985)
Vdowic et al. (2006)

Base metals (Cu, Cu-Zn, Ag-Fb

Pyrite, base metals

Fe. base metals (Ag. Fh, Cu)
Cu

Ag, Ph, Zn, Cu

Cu

Fb

Steel

Pb-Zn

Fb

Fe. steel

Fe

Ag—Ph

Steel

Base metal

Steel

Cu-Zn

Pb

Base metals (Cu, Ph, Zn)
Base metals (Cu, Ph, Zn)
Cu, Ph—Ag

Zn

Pre-1900 Fe

Steel

Fe, steel

Zn

Ferro-Mn

Fe

Steel

Ph, Cu

Base metals (Cu, Pb, Zn)
Cu

Ag-Pb-Zn-Cu

References Slag type
Vitkovd et al. [2010) Cu-Co
Vitkovd et al. (2011) Cu-Co
Vivenzio and Farthing (2005) Fe
Wendling et al (2010) Steel
Wendling et al (2012) Steel
Wendling et al (2013) Fe, steel
West (1902) Fe
Wilson (1994) Many
‘Woodley and Walters (1986) Fb BFS
Yildirim and Prezzi (2011) Steel
Fiemkiewicz and Skousen (1999]  Steel




Vyu
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e trosiek

References Hag type
Ali et al. (2008) Steel
Anand et al. {1980 Ca
Anderson { 1991 ) Ferrous
Baker et al. {1998) Steel
Blowes et al. (2005) Steel
Bowden et al. (2009 ] Steel
Chang et al. (2013) Fe
Cravotta (2005) Fe
Dvimitrova (2002 ) Fe
Drizo et al. (2002) Steel
Crizo et al. (2006) Steel
EUROSLAG (2006) Ferrous

FHWA (1997)

Gahan et al. { 20049)

Gbhor et al (2006)

Ghoret al (2004

Gaorai et al. {2003
Hadjsadok et al. (2012)
Hanski et al. {2007

Hanski and Kanlkaala { 20049]
Kweon et al. (2008)

Li et al. {2009)

Lopez et al {1997

Lopez Gomez et al. {19949)
Maslehnddin et al. {2003)
Megim et al. (2010]

Ochola and Moo-Young (2004 )
Park et al {1294)
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Sucasny stav

Vlyroba cementu

Inzinierske stavby

Stavebnictvo

Terénne Upravy

POSy
Ume

Recy
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Vyuzitie trosiek

iné
6%

skladkovanie
13%

skladovanie
11%

recyklacia v hutnictve
10%

hnojiva_—

3% I
hydraulické inzinierstvo .

39% vyroba cementu

6%



Spracovanie trosiek

Steel slag
_—__¥
) Metallic iron and |/ | Recovery of metals
) iron concentrate from steel slag
Y
Y
Y ' Y The remaining
Sinteri P BF L .»| BOFor steel slag
intering EAF
i
Y i y Y
Cement Road Civil Landfill Fertiliser Other
production construction engineering daily cover production uses




Ziskavanie kovov z trosky

A A

1T N Metallic iron and iron concentrate
Magnetic
Crusher separator Crusher
l \l./
>300 mm >100 mm .
r
¥ Bar Double-deck | | Magnetic A
" screen >  vibrating * separator s—>|  Crusher
Steel slag screen  |>20 mm
C |
<20 mm
Magnetic Double-deck | Slag products
™ scparator > vibrating f——>
screen




Ziskavanie kovov z trosky

Vyutzitie oceliarenskej trosky:
Harsco Metals

Worldwide presence

Harsco Metals & Minerals

l_t..‘.";

Operatons at over 160 sites in 30 countnes

Se rvices: Logistics; Environmental Remedia Material Recyding,
Metal & mineral recovery. Co- roduct m mex g



Ziskavanie kovov z trosky

Vyuzitie oceliarenskej trosky:
Phoenix Services Slovensko s.r.o.

th




Ziskavanie kovov z trosky

VyuZitie oceliarenskej trosky:
Phoenix Services Slovensko s.r.o.




Schema Harsco

Feed: .
‘metal+slag

,
. 392 mtph

7 mi

SH1661

Machine Load: 32% (400 mtph)
BVS 1655/1(existing}

7 mtph

SG1841
Grizzly Sep: 300.0 mm

Average Load: 8% (400 mtph)
BSV11-1859.20(existing)

7 miph. 2%

0-300.0 mm

METAL LINE

LF1860D

2 decks

Separation size deck 1(Stepdeck): 8.0 mm
Separation size deck 2(Flexdeck): 4.0 mm

LF1880T

Separation size deck 1(Steel Piate): 100.0 mm - ;
Separation size deck 2(Wire, Sq): 45.0 mm Overbang
Separation size deck 3(Wire, Sq): 16.0 mm magnetic
Average Load: 30% (385 miph)
Max Load: 31% (392 mtph)
BSS$31-1860.30 (existing)

Average Load: 60% (226 mtph)

Max Load: 61% (230 mtph)

Modular Anti-blinding Screening Media
VM4000(new)

0 miph
‘11 mtph

108 mtph

226 mtph

13

98 miph, 25%

AN,
LA

) «_‘iﬁ'«.: ot d " 3
98 miph, 25% 30 miph. 7% 108 miph, 27% 51

S mtph

Magnetic drum
existing

385 mtph

SLAG LINE P
) I\i :ﬁ_‘!’ ¥
0 miph. 0%
0-300.0 mm
DEBRIS
magnet for
parts separation
51 mtph
cJ211
CSS:; 40 mm

new

Machine Load: 56% (51 mtph)

mtph, 13%

[0-40mm | [40-80mm | [80-160mm | [160-450mm ]| fo-

71.0 mm |




Perspektivy

Ziskavanie dalsich zaujimavych kovov

| Base metal slag production

Evaluation
- Chemical and phase compaosition
- Buffering capacity
- Metal leachability

Strong Iecchobilify] | Poor leachability

" 4 b

Slags freatment for Slags assessment for
metal recovery the use in civil engineering
" (replacement matericis,

Chemical leaching j| Bioleaching

aggregates, binders)

Evaluation of strenght and durability

The need for search for optimal conditions

)" " 4

Evaluation of cost ‘
W " 4

‘ Up-scaling ‘




Vstup

né uvahy

kov obsah cena priemer
[%a] [Uss5/t]
Fe 0.5-30 55-70 20
Si 0.5-6 6700 3.5
Mg 4.5 2500 4
Ca 3-22 22000 13
Al 0.2-22 1860 10
Hg <4*10-7 2000 0.0000003
Mn 0.8-6 2060 3.4
As 5.3*10-6 2400 0.0000053
Pb <0.4 2601 0.3
Zn 2.5%10-4 2788 0.00025
Ti =0.04 4300 0.03
Cu <0.4 6420 0.02
Cr 0.3-6 (17) 10000 10
Mi 0.3-4.5 13160 2.4
Ccd 4.5%10-7 18500 0.0000004
Mo 0.05-1 26000 0.3
W 0.2-4 30300 2.1
Co 0.2-1 232000 0.6
Nb <0.5 42280 0.1
Ce 4*10-5 60000 0.00002
W 0.05-1 (B) 28000 0.2
Ta 2.2*10-6 151800 0.0000011
PVZ 2*10-4 0.0002
Ta 151800
Sc 20000000
Y 75000
La 37000
Ce 37000
Pr 660000
Nd 45000
Sm 5000000
Eu 10000000
Gd 14600000
Th 15000000
Dy 4700000
Ho 650000
Er 17500000
Tm 1000000
Yb 150000
Lu 2000000




Vstup

né uvahy

kov obsah cena priemer vynos

[%a] [us5/t] [us5/t]
Fe 0.5-30 55-70 20 12
Si 0.5-6 6700 3.5 234
Mg 4.5 2500 4 100
Ca 3-22 22000 12 2860
Al 0.2-22 1860 10 186
Hg <4*10-7 2000 0.0000003 0.0006
Mn 0.8-6 2060 3.4 70
As 5.3*10-6 2400 0.0000053 0.12
Pb <0.4 2601 0.3 7.8
Zn 2.5%10-4 2788 0.00025 0.69
Ti =0.04 4800 0.03 0.14
Cu <0.4 6420 0.02 1.92
Cr 0.3-6 (17) 10000 10 1000
Mi 0.3-4.5 13160 2.4 316
Ccd 4.5%10-7 18500 0.0000004 0.0074
Mo 0.05-1 26000 0.2 0.78
W 0.2-4 30300 2.1 636.3
Co 0.2-1 32000 0.6 198
Nb <0.5 42280 0.1 42.2
Ce 4*10-5 60000 0.00002 0.01
W 0.05-1 (B) 82000 0.2 17.6
Ta 2.2*10-6 151800 0.0000011 0.16
PVZ 2*10-4 0.0002 273

Ta 151800

Sc 20000000

Y 75000

La 37000

Ce 37000

Pr 660000

Nd 45000

Sm 5000000

Eu 10000000

Gd 14600000

Th 15000000

Dy A700000

Ho 650000

Er 17500000

Tm 1000000

Yb 150000

Lu 3000000 priemernd c




Vstupné uvahy

kov obsah cena priemer vynos poradie
[%%] [uss/t] [uss/t] absolitne
Fe 0.5-30 55-70 20 12 13
Si 0.5-6 6700 3.5 234 6
Mg 4.5 2500 4 100 9
Ca 3-22 22000 13 2860 1
Al 0.2-22 1860 10 186 8
Hg <4*10-7 2000 0.0000003 0.0006 23
Mn 0.8-6 2060 3.4 70 lﬂl
As 5.3*10-6 2400 0.0000053 0.12 19
Pb <0.4 2601 0.3 7.8 14
Zn 2.5%10-4 2788 0.00025 0.69 17
Ti =0.04 4800 0.03 0.14 20
Cu <0.4 6420 0.02 1.92 15
Cr 0.3-6 (17) 10000 10 1000 2
Mi 0.3-4.5 13160 2.4 316 4
cd 4.5%10-7 18500 0.0000004 0.0074 22
Mo 0.05-1 26000 0.3 0.78 16
W 0.2-4 30300 2.1 636.3 3
Co 0.2-1 32000 0.6 198 7
Nb <0.5 42280 0.1 42.2 11
Ce 4*10-5 60000 0.00002 0.01 21
W 0.05-1 (B) 82000 0.2 17.6 12
Ta 2.2*10-6 151800 0.0000011 0.16 13
PVZ 2*10-4 0.0002 273 3
Ta 151800
5c 20000000
A 75000
La 37000
Ce 37000
Pr 660000
Nd 45000
sm 5000000
Eu 10000000
Gd 14600000
Tb 15000000
Dy A700000
Ho 650000
Er 17500000
Tm 1000000
¥b 150000
Lu 2000000 priemernad cena PVZ: 544;




Vstupné uvahy

kov obsah cena priemer vynos poradie poradie
] [uss/t] [uss/t] absolitne | bez oxidov
Fe 0.5-30 55-70 20 12 13 9
Si 0.5-6 6700 3.5 234 6
Mg 4.5 2500 4 100 9
Ca 3-22 22000 13 2860 1
Al 0.2-22 1860 10 186 8
Hg <4*10-7 2000 0.0000003 0.0006 23 18
Mn 0.8-6 2060 3.4 70 J.UI 6
As 5.3*10-6 2400 0.0000053 0.12 19 15
Ph <0.4 2601 0.3 7.8 14 10
Zn 2.5%10-4 2788 0.00025 0.65 17 13
Ti =0.04 4800 0.03 0.14 20
Cu <0.4 6420 0.03 1.92 15 11
Cr 0.3-6 (17) 10000 10 1000 2 1
Mi 0.2-4.5 13160 2.4 316 4 3
cd 4.5%10-7 18500 0.0000004 0.0074 22 17
Mo 0.05-1 26000 0.3 0.78 16 12
W 0.2-4 30300 21 636.3 3 2
Co 0.2-1 33000 0.6 198 7 5
Nb <0.5 42280 0.1 42.2 11 7
Ce 4*10-5 60000 0.00002 0.01 21 16
W 0.05-1 (B) 88000 0.2 17.6 12 8
Ta 2.2*10-6 151800 0.0000011 0.16 18 14
PVZ 2*10-4 0.0002 273 5 4
Ta 151800
5c 20000000
hd 75000
La 37000
Ce 37000
Pr 660000
Nd 45000
sm 5000000
Eu 10000000
Gd 14600000
Th 15000000
Dy 4700000
Ho 650000
Er 17500000
Tm 1000000
Yh 150000
Lu 3000000 priemernd cena PVZ: 5447400 USS/t




Zavery

* Recyklovatelné kovy — podla typu trosky:
— Zelezo: fyzikalno mechanické (FM) spdsoby
— Chrom: FM+PM, FM+HM
— Wolfram: FM + HM
— Nikel: FM + HM
— PVZ: FM + HM



Sucasny stav
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effiCient mineral processing and
Hydrometallurgical RecOvery of
byproduct Metals from low-grade
metal contalning seCondary raw
materials

Chromium, Niobium, Molybdenum and Vanadium are of strategic
importance for the competitiveness of the European economy. But Europe is
highly dependent on import for these metals, leading to an inflexible and
insecure supply. At the same time, a wealth of such metals is entrapped in
industrial wastes, or in applications where their value is not fully utilized.
Finding a better way to recover and reuse these resources is the focus of
the CHROMIC project.

[ Learn More ]

CALENDAR

CONTACT

NEWS

00




CHROMIC

effiCient mineral processing and
Hydrometallurgical RecOvery of by-product
Metals from low-grade metal contalning
seCondary raw materials

COORDINATOR: LIESBETH.HORCKMANS
VITO NV, Belgium, liesbeth.horckmans@vito.be



LIST OF PARTICIPANTS

Participant Type of Participant organisation name Country
No participant

1 (Coord.) RTO E{?amse Instelling voor Technologisch Onderzoek | VITO Belgium
2 SME MEAM MEAM | Belgium
3 Industry Elektrowerk Weisweiler GmbH EWW Germany
4 SME ORBIX Belgium ORB Belgium
5 SME Formicablu sil FOR Italy

6 SME ARCHE cvba ARCH Belgium
7 University Technicka Univerzita v Kosiciach TUK Slovakia
8 RTO Helmbholtz-Zentrum Dresden-Rossendorf EV HZDR Germany
9 RTO VDEH-Betriebsforschungsmstitut GmbH BFI Germany
10 RTO Institut fiir Baustoff-Forschung EV FERLS Germany
11 RTO Bureau de Recherches Geéologiques et Minieres BRGM | France




m EURCPEAN
COMMISSION

Brussels, 16.1.2018
SWD{2018) 36 final

PART 173

COMMISSION STAFF WORKING DOCUMENT

Report on Critical Raw Materials and the Circular Economy

EN

project will be maintained in the EU Raw Materials Information System (see Section
4.1.1).

3.5. ERECON: The European Rare Earths Competency Network (2013-2015)

The former European Rare Earths Competency Network (ERECON)?! brought together
experts from industry, academia and policy-making to specifically look at ways to
improve the security of Europe’s rare earth supply. Three Working Groups of ERECON
were focused on primary supply of rare earths in Europe; European rare earths resource
efficiency and recycling: and European end-user industries and rare earths supply trends
and challenges. Key findings of the network were compiled info a final report™.

3.6. Other Horizon 2020 and LIFE projects

Together with the SCRREEN coordination and support action a number of Horizon 2020
research and innovation actions are currently investigating the potenfial substitution of
CRMs. INREP® and INFINITY™ are working towards indium-free transparent
conducting oxides. Flintstone2020*° deals with the next generation of superhard non-
CEM materials and solutions in tooling substituting tungsten and cobalt.

In the area of industrial symbiosis. 5C ALE™ aims to develop a European supply chain
for scandium through the development of technolpef®al mnovaegs which will allow the
extraction of scandium from bauxite residues. oject aims to develop
a new recovery process for critical by-product mers otfum and vanadium) from
complex and low-grade secondary industrial waste, C -'LBRI‘ES’s aims at the recovery and
preparation for reuse of key photcm oltaic raw materials including silicon and mt:hmn_, fo
be used for the manufacturing of photovoltaic cells and panels or as feedstock for other
industries and REslag™ is addressing, among other things, CRMs to be extracted from
steel slag.

The LIFE Programme (2014-2020) also contributes to sustainable use, recovery and
recycling of raw materials. It is currently funding a cluster of projects dealing with CRMs
such as mdivm, plationm group metals and magnesinm. Examples of such projects are
the CRM Recovery™” that is demonstrating viable approaches to increase the recovery of
target CRMs found in waste electrical and electronic equipment through frials in Ttaly,
Germany, the UK and the Czech Republic and the RECUMETAL project® that is
demonstrating the recycling of flat panel displays to recover plastics. indium and yttrium
and their reuse in new applications.

n

hitps:/ec europa.ew/zrowty sectors Taw-materials specific-interest/erecon_en
*Strengthening of rthe Ewgpean Rare Eathz  Supply Chain -  Cholenger and  poliy  opefoms”,
hiftp:/ec europa ewDec R oom/documents 1088 )iattachments'] ranclations
huttp: 'www.inrep. eu

https: infimiry-h 3020 eu

http: /flintston=2020.2u

btp: \iscale-project.eu’

bt www chromic.en/

hitps:'www spire2030.eu'cabriss

bttp: www reslaz e

bttp-www . criticalrawmaterialrecowery eu

https: /life-recumetal eu'sn
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Riesenie

CHROMIC
* Cr, Nb, V, Mo, inertny material
e vysledky obecne aplikovatelné na trosky

 SK: Zeleziarne Podbrezovj, a.s.,
SSM Strazske
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odpadov metalurgického procesu v ZP a.s. — ENVIROMENT



. Dakujem za pozornost

i ”Ff:'j-;:o- !

| s wR 8 8 —
Rl S5 S S = A "’ k- ".._.:,.._.‘_..-Q.
Sp Sy e TR &

.

1A \:7.

~



