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Abstract: Afier investigating the influence of some additives (i.e. Li,0 Na,0 K,O CaF,) on hot
metal dephosphorization in 15 kg vacuum induction furnace production test in 120 t top and bottom com—
bined blown converter was carried out to smelt the ultradow phosphorous steel through adding lepidolite
ore which contains Li,O Na,O and K,O during the dephosphorization period. The experiment results of
15 kg vacuum induction furnace show that through adding 15% Li,O to the dephosphorization slag the
phosphorus mass fraction was decreased from 0.109 4% to 0.003% with a dephosphorization ratio up to
97.3% and the apparent dephosphorization rate reach to 0.021% /min within Smin since the beginning
of dephosphorization. Furthermore in the production test the average phosphorus mass fraction and the
average dephosphorization ratio of semi-steel are 0.035% and 68. 1% with the original phosphorus con-
tent in the molten iron charged into converter at 0. 109 9% . In addition the average phosphorus content
and the average dephosphorization ratio at the BOF endpoint are 0. 005 8% and 94. 8% . The correspond—
ing minimum phosphorus content and the maximum of dephosphorization ratio at the BOF endpoint are
0.003% and 97.3% respectively.

Key words: ultradow phosphorous steel dephosphorization rate Li,O lepidolite

12012 -12 -20



AY AY \9Ni 1
0.01% 0.003% °
@D 1.1
+ 0 g6) Yo 15 kg
CaO. Fe,0,. MgO
> Li,0. Na,O0 . K,O0 . CaF,
s-10 1.
X 1
- Table 1 The mass fraction of elements in
15 kg Ca0. iron material %
Fe,0,.MgO Li,0.Na,0 .K,O .CaF, C Si Mn P S
R 4.38 0.31 0.29 0.11 0.027
120 t Li,0.Na,0. K,O
Li, O Li,O 1 300 ~1 400 °C . ?15 mm
2

2
Table 2 Experimental scheme

/%

Ca0/8i0, /g
CaO Fe, 0, MgO Li, O Na, O K,0 CaF,

1 2.5 16.6 77.4 6.0 1 000
2 2.5 16.6 62.4 6.0 15.0 1 000
3 2.5 16.6 62.4 6.0 15.0 1 000
4 2.5 16.6 62.4 6.0 15.0 1 000
5 2.5 16.6 62.4 6.0 15.0 1 000
6 2.5 16.6 62.4 6.0 5.0 5.0 5.0 1 000
7 1.5 10.7 66.8 6.4 16.1 934
8 3.5 21.8 58.5 5.6 14.1 1067
9 2.5 19.0 57.1 6.9 17.1 876
10 2.5 14.1 68.0 5.1 12.8 1176
11 2.5 18.0 65.7 6.3 10.0 950
12 2.5 19.0 69.3 6.7 5.0 900

1.2 15% o

120 t )
o 15 000 ~ 18 000 m’/ 2.1
h 0.80 ~1.05 MPa 1.50 ~1.90 1
m, 20 000 ~23 000 m’/h o 1 0 ~5 min
0.80 ~1.05 MPa 1.40 ~1.70 m; 10 ~ 15 min
140 ~ 160 m’ /h 1.00
~1.10 MPa. 3 ( ) 2(
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15%1i,0) 5 min 0.001 8% o 6( 5% 1,0,
0. 109 4% 0.004 2% 5% Na,0.5% K, 0) o 1(
0. 021% /min; 10 min )
P 0. 003% 76.3% 25min P 0.031 4%
97.3% ;10 ~25 min 0.004 8% 0.056 0% 0.024 6% o
3
Table 1 The average temperature and the compositions of hot metal
1%
/C
C Si Mn P S
4.0~4.3 0.44 ~0.64 0.22 ~0.27 0.11 ~0.14 0.017 ~0.038 1290
0.007 2% Li,O 5% 0
0. 1400
~5 min 0. 018 5% /min
0.1200 |
20 min
0. 1000
. 0.006 2% s Li, O 15%
£ 0.0800
= Li, O 10%
0. 0600
Li, O 5% o
0.0400 |
0.0200 |
Li, O 5% o
0. 0000
0 5 10 15 20 25
Bf (6l /min 0. 1400
1 0.1200 F +“"h’°"'tz%
—E—wa0710%
Fig.1 Influence of the compositions of dephosphori— o.ioe L . zm]_s.,/;
zation additive on dephosphorizing process 2 iy L
R . * 0.0600 |
15% Li,0—5% el
Na,0.5% Li,0.5% K,0—15% CaF, —15% Na,0 — sl |
0. 0000
15%K,0— ° 0 5 10 15 20 25
5 ~10 min BffEl/min
5 ~10 min 2 LiZO
o Fig. 2 Influence of Li,O on dephosphorizing process
6 ~8 min, 2.3
1350 ~1 400 C o 3 (
2.2 Li,0 Li, O 15%) - 3
2 Li,0 o 2 1.5 0~5
Li, O min 0. 020 3% /min
o Li, O 15% 0~ 10 min
5 min 0.021 8% /min 96.6% ; 2.5 0 ~5 min
5 min 0.021 0% /min 10 min
98. 2% 0. 002%; 1i,0 97.3%;
10% 0 ~5 min 0.019 8% / 3.5 0 ~5 min
min 10 min 0.022 1% /min 5 min
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97.4% (80%)
Fe,0, CaO
0. 1400
o FeO
0.1200 F_ BR=15
OR=25 o
0. 1000 gy
= 0. 0800 3
% 0.0600
_ 120 t
0.0400 | [8
0.0200 | 4 °
oo ML e e e B P 0.109 9%
i’ ’ J:}T,..] ) _]5 B P 0.027% ~0.044% 0.035%;
o 59.2% ~76.2% 68.1%; 1,25.6~51.6
3 38.6; P 0.003% ~0.008%
Fig. 3 Influence of basicity on dephosphorizing process 0.005 8% 92. 9% ~97. 3%
94.8% ; L,132.6 ~328.9 213.9,
° 15 ~35 0. 1400
96.6% ~97.4% o 0. 1200
B 5 200,=50%
0 ~5 min 0. 1000 DOwirea00=62%
. . U“'-'re:w n=80%
0.020 3% /min 0. 022 1% /min 5~ :_ 0. 0800
15 min 0.003% % 0.0600
o LiZO 0. 0400
1.5~2.5 o 0. 0200
2_4 0. 0000 e ] -_rl
0 5 10 15 20 25
4 ( B (@/min
Li,O 15%) 4 Fe, 0, 4
50% ~80% 5 ~10 min Fig. 4 Influence of slag oxidability on
96 % o Fe, 0, dephosphorizing process
4 120t
Table 4 Production test results of dephosphorization in 120 t BOF
P /% P /% P /% 1% 1% Lp Lp
0.114 0.044 0.008 76.2 97.3 51.6 328.9
0.1053 0.027 0.003 59.2 92.9 25.6 132.6
0.109 9 0.0350 0.005 8 68.1 94.8 38.6 213.9
5 P,0;  2.63%; (weao /wssoz)
((weyo /wsmz) 2.25 TFe 3.09 TFel7. 52% Li, 0+ Na,O.
15.94% 1i,0.Na,0.K,0 0.09% ~0.12% K,0 0.01% ~0.04% P,052.57%
5 120t
Table 5 Slag composition variation in 120 t BOF
/% R
Ca0 MgO Si0, MnO TFe Li,0 Na, O K,0
44.39 4.54 19.93 4.59 15.94 0.10 0.12 0.09 2.25
46.75 4.75 15.28 2.94 17.52 0.04 0.04 0.01 3.09
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4 0.109 4% 0.003% 97.3%
0 ~5 min 0.021% /min 5
15 kg 120 t ~10 min
1) N N 3) 120 t
15% 1,0 p 0.109 9% p 0.035%
— 5% Na,0.5% 1i,0.5% K,0—15% CaF, —>15% 68.1%; p
Na,0—15%K,0— o 0.005 8% 0.003% ; 94. 8%
2) 15% 1.i,0 97.3% .
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