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The objective of the research

Utilization of the converter slag to 

obtain the Portland clinker or the 

soil fertilisation

AGH University of Science and Technology, Poland

Realization of the objective

• Thermodynamic calculation of converter slag 
reduction in an electric-arc furnace base on 
FactSage software 

• Determination of the mass reducer and process 
temperature base on computational calculation

• Results of the converter slag reduction in the 
laboratory electric-arc furnace investigations

AGH University of Science and Technology, Poland
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Thermodynamic calculation of converter slag reduction - conditions

1. Mass and chemical composition of the converter slag:

2. Temperature: 1600 - 2000°C 

3. Reducer: 2 – 10 % of mass slag 

AGH University of Science and Technology, Poland
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Thermodynamic calculation results –

gasses mass in equilibrium state

AGH University of Science and Technology, Poland

35

85

135

185

235

285

g
a
se

s 
[g

]

1600 1640 1680 1720 1760 1800 1840 1880 1920 1960 2000

2
4
6
8
10

temperature [°C]

reducer 

[%]

235-285

185-235

135-185

85-135

35-85

gases [g]



4

Thermodynamic calculation results – equilibrium content of CO in 

the gas phase
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Thermodynamic calculation results –

non-metallic liquid phase mass in equilibrium state
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Thermodynamic calculation results –

equilibrium content of CaO in the non-metallic liquid phase
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Thermodynamic calculation results –

equilibrium content of solid 2CaO·SiO2 in the non-metallic liquid 

phase

AGH University of Science and Technology, Poland

0

50

100

150

200

250

300

350

2
C

a
O

•S
iO

2
  
[g

]

1600 1640 1680 1720 1760 1800 1840 1880 1920 1960 2000

2
4
6
8
10

temperature [°C]

reducer

[%]

300-350

250-300

200-250

150-200

100-150

50-100

0-50

2CaO•SiO2 [g]



6

Thermodynamic calculation results –

metallic liquid phase mass in equilibrium state

AGH University of Science and Technology, Poland

80

100

120

140

160

180

200

220

240

260

m
e
ta

ll
ic

 p
h
a
se

 [
g
]

1600 1640 1680 1720 1760 1800 1840 1880 1920 1960 2000

2
4
6
8
10

temperature [°C]

reducer

[%]

240-260

220-240

200-220

180-200

160-180

140-160

120-140

100-120

80-100

metallic phase [g]

Thermodynamic calculation results – equilibrium content of Fe in 

the metallic liquid phase
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Research equipment
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Obtaining the non-metallic phase in the Portland clinker form -

conditions

1. Mass and chemical composition of the converter slag:

2. CaO addition: 0%, 1%, 2%, 5%, 6%, 7% of slag mass

3. Temperature: 1800°C 

4. Reducer: 6 % of slag mass
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Obtaining the non-metallic phase in the Portland clinker form –

results

AGH University of Science and Technology, Poland

0

10

20

30

40

50

60

70

0 1 2 3 4 5 6 7 8
CaO addition, %

C
h
e
m

ic
a
l 
c
o
m

p
o
si
ti
o
n
 o

f 
th

e
 n

o
n
-m

e
ta

ll
ic

 

p
h
a
se

, 
%

CaO SiO2 FeO MgO

Obtaining the non-metallic phase in the Portland clinker form –

results
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Obtaining the non-metallic phase in the Portland clinker form –

results

AGH University of Science and Technology, Poland

Fragment of skeleton structure non-metallic phase

Belite

β2CaO·SiO2, x 136

Rankinite

3CaO·2SiO2, x 34
Alite

3CaO·SiO2, x 34

Obtaining the non-metallic phase in the soil fertilization form -

condition
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1. Mass and chemical composition of the converter slag:

2. Temperature: 1800°C 

3. Reducer: 6 % of mass slag 
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Obtaining the non-metallic phase in the soil fertilisation form -

results
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Obtaining the non-metallic phase in the soil fertilisation form -

results
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1. NPK, 

18. NPK + CaCO3

34. NPK + CaCO3·MgCO3

43. NPK + non-metallic

phase, φ<0.5 mm

58. NPK + non-metallic

phase, φ 0.5-2.0 mm
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Conclusions
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The possibility of converter slag utilisation were presented.

Thermodynamic calculation conditions of converter slag 

reduction were considered.

Investigations of the converter slag reduction process in EAF 

have been carried out.

The aim of the investigations was to obtain the non-metallic 

phase in the Portland clinker or soil fertiliser form.
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