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Estimation of Silicon Transfer Based on Radially Sampled Slag and Metal

at Tuyere Level

Hiroyuki MITSUFUJI, Masaaki SAKURAIL, Akira MAKI,
Takashi SUMIGAMA and Yasuo Niwa

Synopsis :

A probe capable of measuring radially from tuyere nose to the deadman was installed at a low silicon op-

eration blast furnace.

The mechanism of silicon transfer was investigated by using the probe.

Molten

metal dripps mainly in the region between the end of the raceway and the position of 2.3m from tuyere

_nose.

[Si] content of the dripping metal in the region controls that of tapped metal.

[Si] content at the tuyere level is dependent on (FeO) and (Al;03) generated from low reduction degree

ore and coke ash respectively.

[Si] content in the region of 0.9~1.3m from tuyere nose reaches 0.51% which is higher than the tapped

value of 0.23%.

However, [Si] content in the region of 1.5~2.3m is 0.16%. Totally, average [Si] con-

tent at the tuyere level is 0.28%. Consequently, the region which mainly control the overall silicon trans-

fer is above the tuyere level.

Amout of desiliconization below the tuyere level is 0.05%, which is the difference between the [Si] con-

tent at the tuyere level and the tapped value.
of 0.9~1.3 m from tuyere nose.

The desiliconization reaction occurs mainly below the region

Key words : blast furnace; silicon transfer; desiliconization; raceway ; deadman ; probe ; coke ash.
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Table 1. Specification of tuyere probe.
Item Specification
Stroke 4 m from tuyere nose

Drive Chain drive

Cooling Compressed water

Observation With image fiber

Temperature With two colored pyrometer and fiber
measurement (500~2500°C)

Sampling Coke, metal, slag (Sampling box : 31 cm®)

No33 Tuyere
40m (Inner diameter : 150mm)

¥
N Maximum depthl> “Tuyere probe
\ (Outer diameter:82.6mm)

\

No.3 Tap hole

Fig. 1. Location of tuyere probe at Fukuyama
No. 5 blast furnace.
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Coke rate 530[ ]
(ka/t) 510} N o~ .

Slag rate 320} E
(kg/t) 300

Blast volume 8000} ]

(Nm3¥/min) 7500 W g

Oz enrichment 2.0 m ]

(‘/ﬂ) l 5 - -

Blast moisture 60| Total 7
SN = = R

40 injection ]

Blast temp. 1100 1

€Y 1000} .

Flame temp. 2200 7

Bosh gas volume 250
{(Nm¥min/tuyere) 230}

=T

|

Hot metal temp. | 510 ]
(C) jgq90| OO O ° ]
[S1 (xI0'%) 40f [S! : ]
(Sl (xI0*%) 20 W ]
(sl
8% 23456780
Month
Fig. 2. Operation data at Fukuyama No. 5 blast
furnace.
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Fig. 3. Change in probe thrust and temperature at
tuyere level. : i :
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Fig. 4. Distribution of amount of sampled metal
and slag at tuyere level.
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(% Aly05)* = Al,03/(Ca0 + SiO3 + Al,03 + MgO) X 100
Fig. 5. (FeO) distribution at tuyere level.

2-4 BRAVOEBREN N
SCTEHHNBER 3 em® OF > 7Y ¥ rEy 7 2TER
Wen-dmys, BREHBRBEOBRICLDZT 7,
AT M TEZNE L, FIAQ L XVEHFMO5A &
LT Fig 4 iRLA FOEL1.3mEIA ¥ V%
BICHTLTWAZLZRY. 2.7Tm KHHETWIK, 2%
NERDV RV, 2T T7DRSEIZRNENEHEND
5.
2:5 RF7T7HBRAH

Fig. 5 122 7 7 ¥ FeO BE OO L NNV K 5
fERT. PIOE0.9m © a— 27 2GR $EISIE T
(FeO) 8 IL 26~26% L AR T 7D 0.3~0.5%
WHNEFELSH. JIO% 1.3 m T, 20~2% 2 K&
CEBHLTNS, ZOHEBUI RS 1500~1700°C DF
REIHTH S & &I, BIEEFHA» S5BTHSTHR
~NERLGEORELZEMEEZ SN S 20, (FeO)
DB D BN L6 8N D EHTF SRS,
FOF 1.5m X DHETI3, (FeO) B IIRE 2T 7l
Bt 2% OEBETH 5.

Fig. 6 {22 5 7 OEHE & Al,O; BED 54 %R
PAY% 0.9m @ 2— 7 AFEBSEIEAE T, (ALO;)
REGHEBEICHERFTLIE 30% BEIGEL, oh

W a—- s ARGICHET B LD ERbNRAE, a— ¥ AKX

SR & IRAA A S &R T RIS T BT — 7 AIKG
DRAEEEFH L Fig. 6 I2RTH, I— 7 Xl

1.5 o
| Q
~ r- o © 5 o Tapped
S - o 8,0 = value
= fo) ]
Q@ r 8 IR
% | o}
S 8
10
Ol —L B i
_ 30— Jos
8 L - Chernical compositions in
L quaternary system (%)
8 B Si0z2 AlzOs CaO0 MgO 4
2 Ore gangue| 302 97 4s8 103 06 -
¥ L Coke ash |609 342 38 .| [}
6 o
N 20+ Q
3 | 104 -§
) L 4 ® Tapped S
° val
g | ° 3\0\ ® ------ J- e o2 2
~— b
< L oo ¢ L4 &
3
é“ 10 o
L — 1 i
0 1 2 3 4

Distance from tuyere nose (m)

Fig. 6. Distribution of slag composition at tuyere
level.
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Fig. 7. [Si] distribution at tuyere level.
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Fig. 8. Distribution of metal composition at
tuyere level.
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Fig. 9. Relation between [Si] and (FeO) at
tuyere level.
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Si0, (Slag, Ash) + C (Coke)

=Si0 (g) + CO(g) «wererversermssunnnn. (1)
SiO (g) + [C1=1[Si] + CO(g) rrerrerrrreeereens (2)
Si0, (Slag) + 2[C] =[Si] + 2 CO(g) --+e--e- (3)
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[Si]+02(g)=(Si02) .............................. (4)
AG° = — 817100 + 218.3 T(J/mol)1® ---ereeee (5)
log Poz (é) = log ( (LSioz/as;)
— 42689/ T+ 11.4 wereveereeeen (6)
T

asi = fsi+ [ % Si]
log fs; = 0.103 [ % Si]
+0.18[% C] —0.0146 [ % Mn]?V
log @sio, = — (8.0 X 107° ¢+ 0.0228)- B.
—9.31 X 10 * ¢+ 0.797 7
B.= (% Ca0) + (% Al,05)/2
+ (% Mg0)/3 — (% SiO,)
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AG® = — 403240 4+ 118.0 T(J/mol) «+s++svvvee (8)
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— 42122/ T+ 12.596 ++++seeeeees (9)
T
aMn = fvn*[ % Mn]
log fmn = — 0.0538[ % C]
—0.0327 [ % Si] — 0.048 [ % S]?V
amno = 1072 (% MnO)
(% Ca0) + 1.4 (% MgO)
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3:2:3 [S]-(S) THEShABENTE
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<(13)XTH 2 7.

X 15.9 +1.6
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-[% S]-C
log Py, (S) =210g£—[(;—s])—5*210gK
- oo S ‘C
=2 logfi[(—i/s—])—s ~ 14996/ T
4 2. 968 ¢ cereeerecrcnetetenrioiienaiis (13)
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2770 S WINEEE KT .

Cs=1(% S).(poz/ps2)l/2 ........................... (14)
Sulphide Capacity & (15)X OB & OHEER?IZ LY
k7o,

log Cs =
1.50 (% Ca0)/(% SiO5) + 1.04 (% Mg0)/ (% SiO,)

1+ 0.197 (% Aly,05)/(% SiO,)
—7363/T—1.417 ........................... (15)
¥ 7,
log fs =0.111[% C] + 0.075[ % Si]
—0.026 [ % Mn] — 0.046 [ % S]2V
Thb.
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FOLARLIICBWT A Vho C R ERAIICEL
TWEWESED A0, (16)DLRTHRE S DR
FHEE Po, (C) £ L8R TH 2 7.

[C]+1/202(g)=CO(g) ........................ (16)
AG® = —118000 — 84.35 T(J/mol)® --eevo-c (17)
log Py, (C) =2log (Pco/ac)
— 12340/ T — 8.82 ++ereeeveeoncenns (18)
ZZT
ac= Yc"Nc

In7c= —0.461 + 9.9 Nc + 12.9 Ng;??
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°

O.lr

Tapped value

) 05 X
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Fig. 11. Relation between [Mn] and (MnO) at

tuyere level.
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by high (FeO) slag

\ Si transfer from coke ash
"ol (rich in coke ash)

- \_‘_:? g Iy
/" Desiliconization
!
l !

Slag Mixing
Metai H ( | .
0] 05 1.0 1.5 20

(si] (%)

Tap hole

Fig. 13. Estimation of silicon transfer in blast
furnace.

AEVE CPO%0.9m) ##be L, HEOH#ETICX
% [Si] iRfE L (FeO) REOEILZRY. X7 7%
300 kg/t, BEEERI® % 20~50% £ § 5 &, 0.8~1.2%
O [Si] i HO% 1.3m) KHET 5. Lo,
[Si] #50.3% DT o®BICEET % $ T, 50% %
oz B BEERE A 500 kg/t LLED X FHIRER R
63, HBCEESSHL. 5T, I— 2 ZWEOME
BAETa— 2 ZIKG A 5D SI0 HAFEEICL YRS
1.7% £ CER L7 [Si] igER, POLXVIIBWT
b 0.8~1.2% FTEBEENAY A, BO%D 0.9~1.3
m O PR3 INEE RUG & BLEE R AT AT L CHE & 5 FHisk
LEILND,
3-4 BFAICET 3 Si BITEBOHTE
POVAVIEBIT A (S]] IRESH, BLUOPOLAR
VUTCORBEEOHEEE2 L L1, EFHNO Si BiTE
B % Fig. 13 12HEFE L /2. A i3 2 — 2 2 g Bl 84 E
(a4 0.9m) »53M0% 1.3m, BidI0% 1.5~3
m % EBT 5 A7V ERT.
BEH,POSTOLXAVET, A DR TIta—2 2
IKGr 225D Si BBATRE L, & (FeO) BE R T 72X
% Si BATHHI S 5 Wid 0 L~V CORBRERIEASE T
T57:0 [Si]BEEHBFKEL, POLXLVOFY
[Si] S 0.51% & HEkfED 0.23% % K& < L
%. B OB TIRTFHE 0.16% & HgHEX v K.
OV RXVLIF T, & (FeO) iBERX I FHBEAET
% A OB EROICBERLAELT L [(Si] BE R
0.35% 3 TIRT$+5%. B DTt (FeO) i 2%
DTFo-oEEIX 0.02% LT THE. A DOFIED X
YVETEIIEERDOH 30% T, REMWIZHEKEET B
DT [SI] BEA SNV EREENDLILIZED
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EEROLNLVEZRFHORT 7 2 ¥ VoS Si BITEHOHE 1155

PHEE 22 5.

SFIREBIC BV Tid, /& (FeO) iR OFHMEAT 0.4%
THhor I L, (FeO) iBFE 0.2% LT CRUEERUG 3 A
Wz s, BERLEZV 2V OLE bR
5.

KEREIFE DS ORERIIc L B &, NY—FHOFEHD
BILEREPO LV [Si] RECHBEZAM S0,
KB TEROHANET LK [Si] BE i EpED?C
HAH70, B (FeO) 27 V7 IMEBETLEIAICHET S
bOEEZOLND., BENK SiEICBVWTE, Bl
HOMEFELET S TWBEI LR, FUBOH
B ETOEN»LE (FeO) 25 7L —2A7 =44
FEEBICH T AR R & v,

4. $# B

BEIEF OO % H S PRI LT AIIE - THEE
R, MEXAOPOESY > FEHY, BFN S ¥
TR B ARG & 1T - 72

(1)FHNERE, BRYORPNEESAICLD E, T—
Y AR EEANE ~ T 2.3m A I NVDFELET
HHTH 5.

(2)P0% 0.9~1.3m Ti&, (FeO) iBE» 2~26%,
[Si] B4 0.01~1.7% & K& LB L, FH [Si]
BEED 0.51% & HBEED 0.23% L D&, JOk
1.5m X DB T, (FeO) B 2% LT T [Si]
BEEX 0.16% THAh. ' '

(3)REES PO L RNV LT TORELEE GOk
0.9~1.3m I2MHY) Tix, 2— 27 AIRSHEKD S0
Z & L7: Si BITRELE (FeO) IBERAZ 712K %
Si BT, 5 Vi3TI0O L LT O BB AT
THD, [Si] BEIEEHT 5.

(PO LRVIIBNT, 2 ¥ VOFEESTHIE (FeO)
LClitksTHESAAEDIZITFRITHY, 20
BESE & [Sil, [(Mn], [S]BELIZETEHL T

(5)FI LXMDY (Si] EEL 0.28% T, @A

WASPO LNV AEFNO Si BIT# 8+ 5EBTH
. WEEE D 0.05% 2ROV XIVET CORER
T, PO 0.9~1.3m BT 5 A ¥ VAFRIZEE
THH % ERICHER R E 5.
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