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Production of Iron and Steel Slag in Europe
2008: 45.6 million tonnes
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7,7 mio. t Blast Furnace Slags in Germany 2010

9,3 %
23 0 714126 903922 S ABS
178765 B GBS cement
6,6 % 504515 O GBS other
O internal use
W stock

5365115

r T - ) B .
4

Second International Slag Valorisation Symposium | D. MUDER

28/04/2011




A gy 4
Cement production and CO, emissions .
- Benefits of slag cements -

CEM132.5R (=100 %) CEM II/B-S with 30 % slag (= 72 %)

0 0

31.3 %
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54.4 % 30.4

16.9 %

14.3 %
20.4 % 26.4 %
51.0 % ‘ 45.8 %@
19.6 % 27.8 %

CEM I1I/A with 50 % slag (= 53 %) CEM III/B with 75 % slag (= 30 %)
O Calcination:0.55t/ t - Electr.energy:651 g/kWh. Therm.energy:331 g/kWh
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6 mio. t Steel Slags in Germany 2010
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I IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT
o

Increasing the quality
of water granulated
blast furnace slags
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Mortel-Druckfestigkeit (Zement: Mischung HS/KI 75/25, 4200 cm?/g)
Versuche mit SEKS: 51% CaO; 36% Al>,O3
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low basicity CaO/SiO, —»
low compressive strength of
mortar/concrete

low concentration of Al,O; —
retarded development of (early) strength

Injection of lime/Al,O,
INnto the main runner

hot metal +

bf slag
‘ hot metal  granulation
torpedo ladle
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT
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CaO/SiO,-ratio = f(CaO-injection) [spoon sample]
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compressive strength of mortar prisms as function of
basicity Ca0/SiO2

gbfs's

20 1

compressive strength [N/mm2]

c/S=117 C/S=125 CIS = 1,29
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

Increasing the quality
of basic oxygen
furnace slags for the
use in road
constructlon
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BOF/EAF slag might have some free CaO
(free lime) & free MgO (periclase). In the
presence of humidity the hydration of
both minerals causes 100 % increase in
volume of the crystals.
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The hydration is a
serious problem in
using steel slag as
construction material !

128/04/2011



77

Second International Slag Vanrisaiin SYm '_L 28/04/2011
- A O Y



IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

ox()(l)%en Y ?sa.g? O,+2FeO — Fe,0, + energy
2 Ca0q, + Si0, — 2 CaOxSiO,

2 CaOy,, + Fe,0,— 2 CaOxFe,0,

by injection of sand and oxygen:

= additional heat is generated
- to keep slag liquid

- to heat up and dissolve the sand

507 {50

saturation of
C,S in the system
Ca0 - Si0, - Fe,O,

treated

Final BOF-
slags
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Miilheim an der Rubr Essen
-Heimaterde P -Frohnhausen

T [ - ] S - RN T, N —
18 SecondInternationalSIagVanrisationSymposium|D.MUDERSBACH\' "T\&E‘ ]| “(I“\28/04/2011




I IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT
o

Increasing the quality
of basic oxygen
furnace slags for the
use as fertiliser
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Alm:

sewage sludgeash + BOFS — ,Thomasphosphate 2"¢ Generation*
~20% P,0O; ~1,5% P,0O¢ ~10 % P,0Oq

with ~40% ~ 95 % available for plants

Whitlockite + Dicalciumsilicate » Calcium-Phosphate-Silicate

Cas(PO,y), + 6 Ca,Si PO, >  Ca;5(P0,),(Si0,)s
Approach:

dissolution of the ash in the liquid slag
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. 21 SecondlnternatlonaISIag Vanrlsatlon Symﬁ?&mr}v | D. MUDE_ZS/M/ZOM



3 - el .

Hogl eneoys
mixture of %

s”éwage S‘Iudg.e
ash and liquid
BOF slag

IMPROVED SLAG QUALITIES BY LIQUID SLAG TREQTM ENT

be zu 20 t LDS mit 1,1 M.-% P205

in t

emit

ennungsasche mit

I
Second International Slag Valorisation Symposium | D. MUDERSBACH

Mo P,0s5 im Produkt

Mi
2(

< (liquid)

\

\

\

OFS

28/04/2011



Sauerstoff Tagessilo

Seecontainer

Schlackenpfanne
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

T .
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I IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

Optimising the
metallurgical work of
electric furnace slags
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Recycling/Utilisation:
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~®-Zn-content in dust [wt.-%]
““~External output Qf'dust in kg/t liquid steel

~“~Recycled dust q'l]antity in %
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Chrome scorification as function of treatment
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I IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

Increasing the quality
of stainless steel
slags




Compared to 19 wt.-% Cr,03 in solid
material, the leaching of 0.7 mg Cr/liter
slag is surprisingly low.

95 % of the total Cr is fixed as chromite, a
Spinel-type mineral.

(Me?*Me,3*0,, with Me?* = Fe?*, Mg?*, Ni?*
and Me3* = Fe3*, AlI3*, Cr3*) are known to be
very stable under environmental conditions.
Further progress is possible by stimulating

the formation of spinels.

Idealisied % of Electron Microprobe Analyses of Minerals [wt.-%]
Formula: Mineral: SiO, AlLO, CaO MgO Cr,0, MnO Fe,O, NiO MoO, P.O. S

> Factor SP =0.2MgO + 1.0 Al,O; +n Fetotal + 0.5 Cr,05 !

> Menlitne  CaAlLSIY, 2V 333 141 379 22 01 109 0,03 0,00 0,10 0,53
—> Bredigite Ca;MgSi,O, 45 343 01 465 104 14 24 25 001 001 008 0,02
r T [ . T C L
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT
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0,30 —o—o—
° EAF-slags: original and laboratory modified
(original slag: Feg, -parts < 1,0 %-wt.)
0,25
. XRD-investigation:
= point: no (Mg,Fe)-(Fe,Al,Cr)-spinel and
g .20 ksquare: (Mg,Fe)-(Fe,Al,Cr)-spinel
= .
) o
T0,15 sp <5,0 %-Wt. : Cr in leachate >0,05 mg/l
= ° o [ operational test: without bauxite-addition
e ﬂ
5 * 5 [operational test: with bauxite-addition
s 00 . * | o /
0,05 —— Py - Io) *
L ek X 2 ad o * 0
®o 00 o .0 N FRIERE sp >25 %-wt. : Criog in leachate <0,01 mg/l
©e * * o o0 »
* &
0,00 : . pe
0 5 10 15 20 25 30 35 40 45
factor sp = (0,2xMgO + 1,0xAl,03 [+ 4,0XFeotaliab.- 0,5XCr,03) in %-wt.
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

EAF-slag tapping

LT Quantity
B > 1t

REM-Aufnahme von Schlacke EAF 1 ohne Behandiung, Cr_ = 0,34 mg/l

additions
electric slag
arc T
furnace
transfer transfer slag
ladle 1 ladle 2 pot
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

Spent refractories a7 s 1;;,;0\& "'bn(

MILL
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

Increasing the quality
and optimising the
recycling
of secondary
metallurgy slags
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Phasenumwandlungen des Dicalciumsilikats
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IMPROVED SLAG QUALITIES BY LIQUID SLAG TREATMENT

m Solution 1 : rapid cooling of the slag o 0 < 2
@ S o) /0 Q
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B Solution 2: Addition of stabilising elements =

to the liquid slag '
The transformation of C,S is suppressed by
distinct elements like P and B. For example in
BOF slag the transformation is suppressed by
the already available P,Ogs (1.3 - 2.1 %). B is
more efficient as =~ 05 % B ensures

stabilisation of LF-slag.
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IES BY LIQ \ AG TREATMENT
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I Borgehalt Feststoff

—o— Borkonzentration Eluat

- = == == Trendlinie der Eluatkonzentration

60 kg Glassrock (B-&P-haltig)

45 kg Glassrock (B-&P-haltig)
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Conclusion
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