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Simultaneous Removals of Silicon and Phosphorous in Hot Metal and
Temperature Control by CaO-based-flux Injection Using “Solid” and
“Gaseous” Oxygen

Yoshio NAKAJIMA, Masato MUKAL, Yasutami Fukami,
Haiping Sun, Takaharu MORIYA and Shigeaki MARUHASHI

Synopsis :

A side-blown submerged injection with a downward entry tuyere angle was conducted in a 5t pilot plant
scale : where both of oxygen gas and CaO-based powders containing iron oxides were injected in order to
control the temperature during the dephosphorization. Ceramic tuyeres were used for their good wear
resistance against iron oxides. The results obtained are as follows : (1) Simultaneous removals of silicon
and phosphorous were obtained effectively. And the final phosphorous content less than 0.010 percent was
gained even with the initial silicon content of as high as 0.50 percent. (2) When the gaseous oxygen ratio
to the total oxygen consumption was varied from 30 to 70 percent, the changes in bath temperature
were range from — 120 to + 50°C, respectively. (3) The analysis of the mushroom showed that the
dephosphorization reaction was proceeded just near by the tuyere tip.

Key words : dephosphorization; desiliconization; oxygen gas; iron oxide; injection; bottom blown; side
blown ; ceramic tuyere ; temperature control ; hot metal.
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Fig. 1. A sketch of the experimental reactor for
side-blown injection.
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Fig. 2. A schematic drawing of the injection
system and a ceramic tuyere.

Table 1. Experimental conditions.

Hot metal weight 5t

Chemical

compositions

[%Sil] : tr~0.51
[%C]:~4.3[%Mn]:~0.30[%P]:~0.100
[%S]):~0.035[%Til, [%V]: ~0.050

Temperature 1400~1 260°C (1 330~1 340°C)

Injection time 7~20 min

Flow rate of Oz 0.8~3.1 Nm*/min (05 /N2=9)
Feed rate of powders | 10~60 kg/min
Gaseous oxygen ratio | 30~75%

Number of tuyeres 1,6,12
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Table 2. Experimental conditions and the results in typical heats.

Heat No. _ 103 110 S3
Number of nozzles 12 12 1
2 (Nm®/min) 2.8 2.6 2.5
Powder mixture (kg/min) 53.4 17.0 18.2
05 ratio (%) 37.9 64.8 69.6
Ca0/ 20, (kg/Nm®) 2.76 1.60 2.52
Ca0 (k/g/t) 28.2 22.4 30.5
Silicon (% 0.38/0.004 0.35/0.006 . 0.51/0.008
Phosphorous (% 0.111/0.006 0.107/0.006 0.100/0.007
Sulfur (% 0.035/0.015 0.043/0.030 0.034/0.014
(%T. Fe) (% 0.85 1.41 1.05
(% Ca0)/(%Si0z) . 2.42 2.0 2.73
Temperature (°C) 1390/1 310 1335/1 328 1.320/1 320
°C) (%Si) (% P) O_BOP o/ P . o
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Fig. 3. The changes in the bath temperature and Fig. 5. The influence of the initial silicon

the silicon and phosphorous contents during the
injection.
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Fig. 4. Lime consumption as a function of the

ratio of Ca0/20, (kg/Nm®).
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Fig. 6. Phosphorous partition ratios obtained at
the end of the injection as a function of the
basicity, (%Ca0)/(%Si0,).
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Fig. 7. Relationship between phosphorous parti-
tion ratios and the contents of iron oxide in slags.
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and after the injection as a function of the O, ratio.
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Table 3. The blowing conditions and the calculated injection trajectories.

Inner dia. Feed rate per one nozzle Hy Initial Final Total oxygen ( 205) s Ne .

4 0
N::'szel:sd of nozzles 02+ N, Powder [%si] (%P] Input Output AZQ, !
(mm) (Nm%/min) | (kg/min) | (cm) . (Nm%/t) (m) X107* | (m/s)
® 12 8 0.24 1.4 7 0.35 0.006 13.96 10.19 3.8 0.180 0.24 80
® 6 5 0.43 2.77 7 0.43 0.020 10.91 9.72 1.2 0.338 9.02 364
® 12 5 0.28 5.07 7 0.38 0.006 10.96 10.94 0.01 0.393 39.4 240
® 1 17 3.22 30.0 17 0.49 0.017 11.60 11.74 —0.14 0.527 2.71 225
Hp : Height of melt surface above nozzle S : Length along jet axis Np,’ : A modified Froude number 1w, : Linear velocity in nozzle
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Fig. 9. Oxygen balance observed in the different

blowing conditions.
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Fig. 10. The difference of oxygen consumption
between input and output, A2.0,, as a function
of the length along the injection jet axis, S.
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Longitudinal section of the mushroom and the result of EDX analysis.
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Fig. 11. The contents of silicon and phosphorous
in the metallic iron particles entraped in the
mushroom.

fe,foBFNRZFNR C,0 DA~V —RiEDFERE,
kco, Kco W ZNZN(6)R 0 ReEEER(%g/
em?s), BXUEHERTHA. REAFE m, s (ZESE,
AT 7%, *IFRETOEEZEKRT 5.

37, RETE(3)~(6 )R i FEKEIcH A L
L. 7, FUBIIRES 29 V0B {b2EZE T 57
%, POys, SiOy, FeO O{HEH M ICIIERD, EHD
SORDZEABREFTNDINT A — % — % e,

FIGEFNVEIRIRD R 5 7FHBESPIc—2H D, 20
257 /ESIIRERAT NS O, & RO FRBALICSE
LwelZ ZITEMABEBLITIXyr— Vo
Fe,0; 34 XTCFeO il BELTEELL. 2056
DR 7 ZHK, AT 7/%E$kL%E Table 4 IZ/RL 7.

EERoEF NV CRIBHE-BY ASEL 20, O
REENFEL /DB, @ (%Fe0) #"KTHDH, @A

o 140 [ T T T ! ]
1330 °C
0. 120 kmP m/ksfs i
S »
0.100 70/— //7/_ .
O 2,0
— 0, 080} /Ij | i
o /}
0 23
2 0.060|0O /7/ ' ]
%
o 0401)[# w @ ]
_/{' [l
0. 020 _. Bottom blowing Side blowing |
o (0) (e D m)
i ! Calculated
[s] |_ L 1 1 I 1 1
(o} o.l 0.2 0.3 0.4 0.5 06

L% Sil

Fig. 12. Oxidization behavior of silicon and
phosphorous in hot metal observed in the bottom
and side blowings.
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RE~D FeO OHLREBEH K E %2 Y 2 i) Lk
50 Si OWAEATA % L, REHICBW T REDOERE
RFVY e VBT ENIZ2DTHo 2. Table
4 ICRTEREUETERE BLUMDO TR E TOEER
EEED knbn/ko, L RKDATH O Fig. 12 1R L 72,

Table 4. Initial conditions of the simulation calculation.

Slag (wt% ) Metal (wt% ) ko P,
Run No. Slagg//Metal Mark il
FeO Ca0 CaF, c Si P & ko,

103 65 28.9 6.1 4.22 0.38 0.111 0.105 O 28
110 78 18.2 3.8 4.32 0.35 0.107 0.120 ® 28
S3 67 26.3 6.7 4.30 0.51 0.100 0.116 L | 23
2% 66 27.3 6.7 4.47 0.36 0.104 0.091 O 70

* Run 2 was carried out by bottom blowing and others by side blowing.
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Fig. 13. Calculated oxidization behavior of silicon
and phosphorous for different k,, 0,,/k, o, ratios.
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