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Silicon Transfer Estimated by the Raceway Data
Kosei KUSHIMA, Masaaki NAITO, Kiyoshi SIBATA,
Hiroji SATO and Hitoshi YOSHIDA
Synopsis :

The mechanism of silicon transfer in the blast furnace was examined through fundamental experiments,
chemical analyses of metal and slag drips taken from the end of raceway during operation and measurements
of Po, at the same place.

The (FeO) content in slag averages about 15wt% and oxygen partial pressure Py, averages 1072 atm at
the end of raceway.

These data imply that siliconization reaction via SiO gas from coke ash and slag occurs chiefly in the
zone above and below tuyere level, respectively.

Slag-metal reaction occurs chiefly in the zone below tuyere level and desiliconization reaction proceeds
until (FeO) content in slag is reduced to about 0.2wt%.

In the hearth, the slag-metal reaction, i.e. Si+2(Fe0Q)=Si0,+2Fe, changes from desiliconization to sili-
conization reaction and [ Si] content in metal approaches [Si],, at (FeO)=0.2wt%.

If the [Si] content of dripping metal is more than [Si],, at (FeO)=0.2wt% or (FeO) content in slag is
more than 0.2wt%, siliconization reaction does not occur any more.

The measured [Si] content agrees with the above equilibrium one in many blast furnaces. In some blast
furnaces, however, the measured values are lower than the equilibrium ones. It is indicated that hot metal
is tapped before the above equilibrium one is reached in these cases.

Key words : blast furnace ; silicon transfer ; oxygen pressure ; equilibrium ; thermodynamics ; slag ; coke ash.
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Fig. 1. Experimental apparatus for metal and slag

dripping through coke bed.

Table 1. Change of [Si] or (FeQO) content in metal
or slag dripped through coke bed.

Initial Dripped through  Residue in Average resi-
the coke bed the bed dence time (s)
[Si] in metal (wt%)
Run 1 .40 0.43 0.69 8
2 1.00 1.30 2.31 8
3 0.03 0.10 0.69 10
7 1.00 1.27 — 5
(FeO) in slag (wt%)
Run 4 7.92 6.88 0.56 10
5 0.34 0.36 0.36 10
6 8.05 8.00 — 6
7 7.70 . 4.30 - 15

Run 1 ~ 5: Temperature 1550°C Coke size 10 ~ 12mm Run 6,7 :
Temperature 1500°C Coke size 20 mm Run 7 : Metal and slag were
dripped at a time and coke was precedingly wetted by slag.
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BWNEHR AT 7D FeO BRI Run 4 128 TKIRIC
BT L. LaL, ## FeO B DK\ 0.34 wt% D
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transfer.

Table 2. Blast furnace operation data in the
period of raceway measurement.

Production rate (t/m>d) 1.927
Fuel rate (ke/ t) 524.9
Blast volume (Nm®/min) 4750
Blast temperature °C) 1060
Blast humidity (&/Nm®) 45.8
Flame temperature (°C) 2150
Blast pressure (gf/cm?G) 3763
Hot metal composition (wt%)
Si 0.57
C 4.80
Mn 0.46
P 0.095
S 0.019
Hot metal temperature (°C) 1539
Slag composition (wt%)
Ca0 41,20
Si02 34.54
AlxO3 14.35
MgO 6.75
FeO 0.21
MnO 0.43
Ca0/Si0y(—) 1.19

212, AT 7, X ¥ VOGHT— % % Fig. 4 \ZR7.
% /-, Fig. 4 \2i38E LT, FAIE CERILS 7o Rm
BT — ¥ 2R L 2. RERERE L B b, ¥
FICERIL 722 ¥ VG4, CREIZIZIZE LV SI
BRI, 1wt 2B2A5bDRIFEALRD 7.
Si DT #EIX 0.57 wt% THEE Si Bk, AT
TEREDOWEE, FeO BRI 2~50 wt% DL WEFHTE
gL, IRKEFRIA S 7T, 1HFEVWRELRL
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Po, and temperature under various (FeO) content
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metal reaction [Si]+2(FeQ)=

Thermodynamic analysis for slag and
(Si0,) +2Fe.
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Table 3. Data of [Si] content in hot metal, metal temperature and slag component in several blast furnaces.

BF A B C D E F G
Tpig (°C) 1508 1499| 1506 1497| 1531 1525| 1516 1512 1515 1500 1497 1511] 1545 1538 1533 1534 1526 1514
Fuel rate (kg/t) 489  496| 500 507| 478  473| 476 483 512 515 496  509| 525 525 528 530 511 504
Measured [Si] 0.20 0.21| 0.16 0.12| 0.39 0.35| 0.31 0.31] 0.26 0.22] 0.24 0.29| 0.60 0.49 0.49 0.55 0.45 0.38
Mn 0.39° 0.29] 0.42 0.41| 0.40 0.39| 0.39 0.36| 0.31 0.34] 0.29 0.28| 0.47 0.48 0.43 0.44 0.42 0.35
(Si0y) 33.83 33.67| 34.11 33.69| 34.82 34.83| 34.50 34.69| 34.22 33.09| 32.95 33.54| 34.25 34.61 34.63 34.53 34.82 34.40
(AL,O3) 13.98 13.47| 13.32 12.95| 13.08 13.13| 12.83 13.10| 13.63 13.44| 13.08 13.09| 14.59 13.83 13.82 14.03 13.58 14.04
(Ca0) 42.33 42.86| 42.76 43.18| 42.18 42.33] 42.03 42.23| 43.05 42.75| 43.43 42.84| 41.15 41.69 41.46 41.79 42.61 42.38
(Mg0) 6.93 7.02| 7.04 7.34| 7.43 7.32| 7.43 7.33| 7.43 8.01| 6.45 6.24| 7.03 6.85 6.94 6.58 6.08 6.04
(FeO) 0.31 0.29] 0.32 0.30] 0.18 0.17| 0.17 0.17| 0.48 0.46] 0.25 0.30] 0.19 0.19 0.27 0.22 0.20 0.22
(MnO) 0.49 0.42| 0.55 0.53] 0.27 0.28| 0.25 0.29| 0.32 0.38] 0.41 0.42] 0.36 0.38 0.45 0.43 0.40 0.44
Ca0/Si0, 1.251 1.273| 1.254 1.282} 1.211 1.215| 1.218 1.217| 1.258 1.292{ 1.318 1.277| 1.201 1.205 1.197 1.210 1.224 1.232
[Silep ¥ 0.30 0.23] 0.29 0.22| 0.47 0.43| 0.39 0.37] 0.30 0.20{ 0.19 0.29| 0.57 0.54 0.52 0.50 0.45 0.37
* Equilibrium [Si],, 2t Thm and (Fe0)=0.2 wt%
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