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Introduction

Process before modifications

Fully Al killed

Calcium treated

Slag: Slag:
53wt% CaO, 39wt% Al, O, 8wt% SiO, 56wt% CaO, 32wt% Al,O,, 12wt% SiO,
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Industrial trials with production
route:

LD converter — ladle furnace -
continuous casting of slabs

Elemental composition of steel in wt%
Tundish temperature
Total oxygen content
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“Castability windows”

FactSage 7.1
Equilibrium module

FTmisc and FToxid
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Inclusion characterization

SEM-EDS
Backscattered electrons

Quantification by manual mode

Acceleration voltage of 20kV
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Steel elemental composition
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= \ Castability windows before process che

Heat 1, T=1560 °C, O=43.5 ppm, S=21 ppm

70
60 R
50
Em
aﬂ'
20
10 —Ca8
0 & Cal
60 150 250 350 402 500 600 700 800 900 1000
Al (ppm)
- Heat 3, T=1540 °C, O=52 ppm, S=31 ppm
80 &
50

HA—.—'—C—H—.—'—C—.—"—Q—*—C—.—.—'—H
*

—Cal

—a—Cald

400 500 600 TOO 800 900 1000
Al (ppm)

50 150 2680 341

Heat 2, T=1652 °C, O= 55.5 ppm, S=27 ppm

",..-H—.—Q—.—O—‘—H—H—H—.—.—ﬁ—.—.—ﬂ

——Ca8
—o—CalD

60 150 250 350 3% 6500 600 700 80D 900 1000
Al (ppm)

Heat 4, T=1547"C, O=58 ppm, 5=32 ppm

.

./,.-H—o—o—o—f—r—"‘—"""—'—'—'—'—"—'—'—"—'

*

~—CaS

—a—CalD/

50 150 250 338 400 500 600 700 800 00 1000
Al (ppm)

g 8 3

Ca (ppm)
g &

10

Castability windows for samples 1-5
(before industrial process change)
calculated using FactSage 7.1 with
the databases FToxid e FTmisc.
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Castability windows after process chang

Heat A, T=1555 *C, O=37 ppm, $=20 ppm
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Castability windows for samples A—E

(after industrial process change)
calculated using FactSage 7.1 with the
databases FToxid e FTmisc.

Heat E, T=1549°C, 0=37.5 ppm, =29 ppm
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Inclusions Characteristics
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Average frequencies for calcium aluminate inclusions layers determined using SEM-EDS line scan,
before and after the industrial process changes.

a) Inclusions less than or equal to 5 ym.
b) Inclusions larger than 5 pm.
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Inclusions characteristics

1550°C, 1 atm 1550°C, 1 atm
MgO @ 2-50m

ALO, = = ® “ @ w o G e Ca0  AlO, * = ¢ m e = " ca0

mass fraction mass fraction

Elemental chemical composition of inclusions detected by SEM-EDS

plotted in ternary diagrams for the MgO-AlO:—CaO system.

a) Before the industrial process changes (2800 inclusions).

b) After the industrial process changes (1470 inclusions). GTT Users’ Meeting 2020



Inclusions characteristics

(a) Cas - AlL,O, - CaO (b) Cas - Al,0, - CaO
1550°C, 1 atm 1550°C, 1 atm
CaS @ 2-50m CaS @ 25 um
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Elemental chemical composition of inclusions detected by SEM-EDS plotted in ternary

diagrams for the CaS—Al.O-—CaO system. The number of CaS-bearing inclusions
dramatically increased. &’
a) Before the industrial process changes (137 inclusions).

b) After the industrial process changes (1176 inclusions). GTT Users’ Meeting 2020



Considering the industrial case study, which was performed In
this work, for the analyzed low sulfur Ca-treated peritectic steel,
nozzle clogging occurrences were controlled.
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Inclusion characterization showed high frequency of the liquid calcium
aluminates after the process changes, which is coherent with the calculated
castability windows.

After the changes, the inclusions became homogeneous
(completely modified); few ones presented CaS ring around the globular

Inclusion
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