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Context

ÅDouble challenge of Europe :

- reducing pressure on natural resources . 

- reducing the emissions of greenhouse gases in the objectives set by 
the Kyoto protocol .

ÅWide disparities in recycled quantities :

- Blast furnace slag : a recycling rate close to 100%

- BOF (basic oxygen furnace) slag : lower than 50%

ÅFrench production BOF slag : 1.2 million tons of slag produced / year

ÅSlag produced by the industrial processes of iron and steel

ÅBOF slag reusing waysČ aggregates for open roads, embankment, 
fertilizer, raw material for various industries

but most are stored on site or landfilled
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Purposes

Important to investigate BOF slag and in particular 
studying the influence of its cooling

ÅTo maximize the external reusing and recycling : 

Č limit the quantities of free lime and free magnesia

Č in cement manufacture (limits on iron, free lime and phosphorus) 
and steel plant (limits on phosphorus) for example

ÅThe work particularly focused on studying :

Č thermochemical conditions

Č mineralogical paths

Č microstructural changes

that occur in the slag from 1650 °C to room temperature
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Chemical composition of the slag

ÅA BOF slag with an average chemical composition was selected 
among eight other representative samples from an industrial site
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Evolution of oxidising conditions

ÅSimulation of oxidising conditions during cooling
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Oxydation

Å1650 °C Č pO2 ~ 10 -12 ï10 -14 atm {Fe/C + 0.05% O} 

[extreme low oxidation]

ÅThe real oxygen activity is difficult to determine precisely

Å25 °C Č pO2 =0.21 atm 

[extreme high oxidation]

Iron metal/slag equilibrium

Air/slag equilibrium

ÅSeveral oxidation states are taken into account in the kinetics

ÅThermodynamic predictions on FactSage software were performed at 
extreme behaviours and intermediary one
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Thermodynamic prediction

ÅEvolution of each phase with temperature is presenting for medium 
oxidising conditions (1.3% Fe0, 12.7% Fe II et 9.0% Fe III )
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Å1650 °C

Slag + CaO(s)

ÅCalcium silicates

Č Ca3SiO5 (C3S)

Č Ca2Si0 4 (C2S) + CaO

ÅCalcium ferrite

Č Ca2Fe2O5

ÅMgO

ÅMinor phases

Solidus : 1062 °C

Liquidus : 1937 °C
SLAG (liquid)

ÅFactSage : prediction only obtained at the thermodynamic equilibrium

ÅAccording to prediction
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Cooling conditions

Å3 types of cooling :

Č Industrial slag (original slag)

Č 2 extreme coolings

Rapid cooling Industrial cooling Slow cooling

3 ï5 seconds ~ 24 - 48h (estimation) ~ 72h

Water quenching Original slag
Close to thermodynamic 

equilibrium

300°C/h

1600°C
5h

Conditions:
Pt crucibles
~ 15 g of slag

Not controlled

Original slag from 
industrial site

~ 24 -48h

Heterogeneous

Changes between the 
surface and the heart 
of slag

Rapid cooling
~ 3-5s

50°C/h

10°C/h

900°C

Slow cooling
~ 72h

Introduction 2. Experiments1. Thermodynamic Conclusion
> Ambient t°

XRD / SEM / Micropobe
> High t°

XRD in situ



Rapid cooling

X Ray Diffraction

Identification of the main phases present in each sample
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CaO
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Ca2SiO4

Ca2Fe2O5 (+ sub.)

MgO

(CaO, FeO)

Ca3SiO5 / Ca 2SiO4

Ca2Fe2O5 (+ sub.)

MgO

(CaO, FeO)

Slow cooling

Industrial cooling
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Identification of phases by SEM (1)

ÅINDUSTRIAL COOLING

2 calcium silicates

with 2 ÍP contents

(FeO < 1,5%)

Quick lime

Calcium ferrite

(some MnO / MgO)

Magnesiowustite

(Matrix)

Ca > Si

Fe > Mg

Ca >> Fe

100 µm

1

2

ÅCrystal sizes :

50 -150 µm
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ÅScanning electron microscopy coupled with EDS spot analyses


