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Abstract: In view of the large use of calcium fluoride in LF refining process, an optimization scheme of fluorine-free refin-
ing slag system is proposed. Calculated by FactSage software, the optimal composition of the fluorine-free refining slag was
determined to be: the mass fraction of CaO:52%-58%, Si0,:8%-12%, Al,05:25%-35%, MgO:5%-7%, with a basicity
of 4-6 and a (Ca0)/(ALO,)ratio of 1. 5-2. 0. Compared to the original slag system, the new fluorine-free slag system can
be completely melted at 1 500 C, reducing the melting temperature by 60 °C, and has a Mannesmann index of approxi-
mately 0. 15, which meets the performance requirements of LF refining slag. Using the optimized slag system in the actual
production, the application of the optimized slag system resulted in a 24% reduction in total oxygen content, a 21. 3% re-
duction in nitrogen content, a 22. 9% reduction in the number of inclusions during refining process, and a 22. 4% reduc-
tion in the number of inclusions during the tundish process compared to the pre-optimization slag system. The results dem-
onstrate that the fluorine-free slag system not only significantly improves the cleanliness of molten steel and enhances the
quality of steel but also aligns with current development trend of environmental protection and energy saving, reducing the
corrosion of metallurgical equipment and environmental pollution, thus offering significant environmental protection and
economic benefits. This study provides a viable solution for steel enterprises to achieve efficient refining processes and sig-
nificantly improve the cleanliness and quality of steel without using calcium fluoride.
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Fig. 1  Viscosity variations with different CaF, content in slag

R B /Pa - S
=)
P
3

0.080

ZA) BRI S AR ORI AEAS N CaF, B 2%
BN R 1712 °CL I T S K & Cal,
BRI A5, RAEE AR Bl o ASWFSE 314X CaO-
Si0,-ALO,-MgO & R IEA TRl , S AT RERE AR 2 A
B LMFSIEAE AN CaF, BYRTHE A0SR HA BT
HaTERe. A SCHH FactSage B THH MO 7 & |
Bl B L 4 Lb A5 ) I R B ALO, B T Y 5%
Wi AR B TR i R |, a2 etk A
BOIRE /=2 SRR 0w S el B S| B S G
1 MRFE

BT A AS AN T B AR N A OK AL B —
180 t 55095 H— G vl TR BE— 180 t LIF A ik Ak #—
DR . BRI A R I AR AR T AL SR R
INARERR FIRERR & 420176 Ak s 76 LE RS w53
N IR A S AR R I AR Ak AR R 2k
5 VR B R 5 B RN R IR B BRI L AN K &
Wiz EEHEVG L E B HLE S DS R
B, 853 R SF R 10 000 mmx1 050 mmx230 mm,
FLAEREE M 3.5 mm, 52 4 1 000 mm,

AHIFFE X (A) (LF 3 AT (L-1) , LF R A
HCL-2) A rp )4 () B0 R R RE I BCEL M A
(R, BURE T 1 A 2 i . f#H EMGA-830 %Y
SR AT SO 5 A AR R R A AR
T 10 mmx 10 mmx 10 mm )4 HIRE B 45 H i 4
FEREI O GAL PR 5 , (4 FH 1 2l 4534 F B AR A i A e

R EUEEIPOR S ERIE A 53 FOARL

Table 1 Composition and basicity of refined slag from sampled heats

KK B (BT 53850 1% o
T sy HEIR I ST (B 5380 /1% e HER
Ca0 MgO ALO, Si0, MnO FeO S F (Ca0)/(AL,0,)
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Fig. 2 Schematic diagram of the sampling locations
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Fig. 4 The effect of basicity on slag melting point (a) and Al,0, activity (b)
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Fig. 5 The Effect of (Ca0)/(ALO,) on slag melting point (a) and Al,0, activity (b)
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Fig. 6 Schematic diagram of target slag system
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Fig.7 Liquid—to-slag ratio before and after optimization
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Table 2 The slag composition and basicity after optimization
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Fig. 8 The variation in the content of oxygen and nitrogen before slag optimization (a) and after slag optimization (b)
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Fig. 9 The variation in the number of inclusions before slag optimization (a) and after slag optimization (b)
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