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Effect of High Al,O, Slag on the Blast Furnace Operations

Kohei SUNAHARA, Kaoru NAKANO, Masahiko HosHI, Takanobu INADA, Shusaku KOMATSU and Takaiku YAMAMOTO

Synopsis : Increasing the Al,O, content in the blast furnace slag, the blast furnace operations tend to make troubles such as excess accumulation of

molten slag in the blast furnace hearth and increasing pressure drop at the lower part of the blast furnace. So, it will be important to keep

good slag fluidity at the blast furnace operations such as, drainage of tapping and keeping good permeability. In order to clarify the effect of

high Al,O, slag fluidity on the blast furnace, high Al,O; slag (20%) test operations of experimental blast furnace have been carried out. In-

vestigation results of the test operation are as follows;

1) Slag MgO improves the hearth drainage rate at high Al,O, slag operation.

2) Permeability of the dripping zone is improved by decreasing slag CaQ/SiO,, at high Al,O; slag operation of the blast furnace.

3) It was verified that the slag drainage phenomena were able to described by the fluid model.

4) The optimum composition of high Al,O; slag of the blast furnace is high MgO and low CaO/SiO,.

Key words : blast furnace; experimental blast furnace; Al,O,; slag; viscosity;drainage;dripping; permeability.

wE

EAFNIZ I B 2 7 7 OB, Bl OBILIES
B, WMTHICBT WAL F Ty T &AL Pk
MOXSITIFRRTER I, KUY, HEILY & OPRFEIC R
T3, ZORTTREMEREE L HRICEE SR, %BE
SRBRA RO, RMIKNZ KR E N3, 2T THEOHT
&, 277 Ca0/8i0, ik, WEIMEK CIRAED B 2 5
BIERHZ & - T, EATIE12~13EO M THE? T
bhTnd, £, 27 7HALO0RER, 27 7 REME
#EL X ZERE LTEL LN, ek b REHEEMY
JF R ERE D BAL & i3 X<, ENTIE 15%E D
ERRAE AR ISR E ST B,

%, EEOBIFIREIC BT, B ERRE AL
- RS GLIK Si0, b, 2 T U RIKKE R R IO #
RO EIER S 7 LA LED TWAEY, 27 78D
B, SRR ALOEL L A< TE, 2 7 7 H1ALO;,
BRI BT 5, X612, BBl L T3 EK
BEBOBSE,» S8, 5HOEALOLITETORT, T
D25 7 ALO, R ERRIZH 3 2 B L 88T A R R <
BRTAZLVFBELLED, ZTOEDIZEZ T 7OBEIFA
¥HAENET LI PERE SN, ZHAICELTE, €
k& DFEADIHENFTDI TS, BIFNOD 2 T 7 REHE
ICEL TR, WS L TR HEE IR B,
F72, BAUSEER BUEMATIC &K BHRICH T B gk,
REOEEFMSS, M FHIcB T 2 h LB RIE

TR R E N b B, £, PiAALO, BEIE, B
FEFLARAE D720 TS, METICH T S Rt g
HZLEEHENTHBE Y, F7-, FEFIZH 551
FHNZDWTIE, 1968 G IZEB IBFIZH TR L » ABD
2 75 ALO, B 20%) 7 2 MO fTbhTE D, Btk
L 2T THBEOBRIZONTEREIN TN EH, GF A7
2 ALOIRE FERIZOWTIRER I h Tk, YLk,
WM BMOBRICIRE S M -REHRERTH D, FNBL
5 hRHMANICBM X h 72 Ok k0,

ZZT, FELIZ, ALOJICEHEH L X 7 7B 2 &
NS EIBELIC RITTHEIZOWT, & FEERs, 7
IRHEEMEICEB L, 2ho 2RAMICEHET 52012, &K
BRI N K BEALO, A T S BEET A M TERESEL 72,
KERIZHN T, z77ﬁﬁﬂ%im#5ﬁgaﬁmmmﬁ

,m@&,mTﬁﬁmﬁ_ (E R A BRI R L
7z HEEMEIZ DWW TR BUEMRNTIC & 2 EER RO SREIVERT
i 6, TR TR ARBIEIIDONWTER L, 72, 4P
TS OWT, MBRBIFREREEMZA 7 7032
2 FCIERETE T HEER, H ALO, BERSSED T AL TE T LB
REPFE TR L, 3 P EBEFFICOWTER L, X
512, BALO, X 7 7 BT BT 2B A K & F N »
5, Ca0/Si0,, MgO & B W7z A 7 ZEHI DWW THERT 5,

2. HABREH

RO WA S & | BRI & 2 EALO, 2 7 7 H

R84S H 9 H2A E 1847 H 20 HA2FH (Received on May 9, 2006; Accepted on July 20, 2006)
x (EREBRLZE (BR) BAHMITZE i S8 25 B RS (Ironmaking Research & Development Department, Corporate Research & Development Laboratories, Sumitomo

Metal Industries, Ltd., 16—1 Sunayama Kamisu 314-0225)

%2 (BR) {32 HE L B8k BB EE S % (Ironmaking Department, Ironmaking Control Section, Sumikin Iron and Steel Corporation)

875



Il 876

$#k&4H  Tetsu-to-Hagané Vol 92 (2008) No. 12

Table 1. Sinter property of experimental blast furnace.

Table 2. Conditions of experimental blast furnace operation.

Blast conditions

Sinter/Ore/Flux T.Fe FeO CaO SiO; ALO; MgO CaO/Siozf KS RDI RI 1) Flame temperature = 1900 °C
(%) (%) (%) (%) (%) (%) (%) x10° (o) (%) 2) Blast temperature  : 800 °C
Sinter BASE | 58.0 516 839 413 165 089 203 | 971 359 (9.4 3) Blast volume . 528 Nm/h
Sinter A 584 821 874 440 255 1.16 199 | 995 424 659 4) O3 volume . 8 Nm*/h
Sinter B 58.3 9.50 8.13 4.42 2.04 1.26 1.84 750 41.2 64.7 5) Pulverized coal : 159kg/h
Ore 63.10 0.110 0.19 356 1.65 0.04 * High temperature permeable
Limestone 0.12 0.030 557 014 003 0.08 resistance index of sinter!®) Charging conditions
Dolomite 0.18 0.085 363 027 006 167 1) Sinter / Ore ratio 78 % /22 %
Serpentinite | 5.68 3.110 1.61 39.0 1.18 363 2) Coke /Oil-coke ratio : 50% / 50%
Silicastone 074 0585 028 97.1 151  0.10 3) Sinter diameter :10~25 mm
— 4) Coke diameter :15~30 mm
o Ash VM FC - Ash composition 5) Slag ratio : 225 kg tap
Coke / Coal SiO2  ALO; CaO  MgO T.Fe
o) (B %) | ) (%) () (%) (%)
Coke 123 130 860 | 580 260 290 110 450
Oil-Coke 025 090 989 [ 312 95 791 198 151
Pulverizedcoal | 8.10 365 554 | 723 149 106  0.00  0.00 W, BEU, 23 7 BROZDIZET—2 2D 5 B 50%
AL 72, BERGELE, WA S MO BASEIZN L,
8 ALO, BRI 2 2FEFHELE U, BEAS L A1 MO, Bk
o $iBIx, mMgO H 2K Ca0/Sio, & L7z, 2 7 3Gt 7=
re hopper Coke hopper
OORIERHZ, A, fehtE, Fa~vA b, ARkAER
7z E7z, BERSEIRIEIR, 10~25mm, T — 2 ZiE 15~
Sounding . 30mm& L7,
stock line detector e
Specifications v || e 80’ 2.3 EBEFEHG
1) Inner volume :3.0m’ éa b Fig. IR TRRERERF L, NBERE3Im, FIREFE0ImT
2) Hearth diameter :09m R

3) Hight of stock level :4.5m Sampling device
4) Number of taphole :1p in cohesive zone
5) Number of tuyere  :3p <Angle: 61°
6) Top pressure :0.15 MPa “TY+900~ 42000
7) Production 12vd Probe for liquid level
- Angle: 61°
Sampling device
in dropping zone
T Upper TY+700
Tuyere: 3p u " Middle :TY+400
P ? T Lower:TY+0
Tap hole

Fig. 1. Experimental blast furnace.
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Table 3. The test case condition of experimental blast furnace. o
7 1460 —— T
CASEL 2 r (Number) : slag(Al ,05) 1
ERPnE CASE2(18.6) ]
Slag viscosity Base Base = . CASE4
(poise) (1.5-3.5) (1.5-3.5) g 1420~ (192)
23 -
Slag crystallization Base Base g 1400 @ —
temperature (°C) | (1345-1355 (1345-1355) § 1380-_ %\655%5 3 1
Sinter Base = i
2. 1360 |
; £ L
Flux Iiu.nestone T 1340 ]
Silicastone = |  CASEI1(13.4)
Slag ALOs Base ; 1320 |l . I2 . I3 . I4 L I5 L 16 N I7 " .
%) (13.0-14.0 S . S06C (0o
Shag MgO Base Calculated slag viscosity at 1500C (poise)
(%) (4:5-5.5) Fig. 2. Slag viscoisity and crystallization tempera-
Slag Ca0/SiO> Base ture of the experimental cases (measured by
(-) (1.40-1.50) | (1.40-1.50) (1.40-1.50) oscillating-plate viscometer).

Table 4. The results of experimental blast furnace operation.

CASEl | CASE2 | CASE3 | CASE4 | CASES
Pigoutput kg/tap 784 695 734 873 666
Slag output  kg/tap 225 225 225 225 225
Melting time ~ min 97.7 96.6 96.8 100.5 1125
RAR  kg/pt 742 783 823 773 848
Top gas temp.  °C 360 347 406 410 397
Topgasnco % 40.5 40.5 37.1 40.5 41.9
KR UUm 3080 3366 3323 3190 2815
Pig temperatue  °C 1457 1446 1428 1418 1390
[C] % 4.75 4.73 4.56 4.48 4.44
[Si] % 0.77 0.7 1.35 0.63 0.72
[S1 % 0.025 0.023 0.056 0.05 0.057
Slag temperatue ~ °C 1533 1541 1503 1500 1498
(ALO3) % 13.4 18.6 20.4 19.2 16.5
Mg0O) % 5.36 8.5 4.75 4.63 10.6
(Ca0/Si0>) % 1.49 1.46 1.21 1.44 1.18
Viscosity — poise 2.35 2.5 5.93 6.03 1.45
Viscosity 1500°C  poise | 3.07 3.51 6.04 5.64 1.43
Crstallzasion o1 y354 1430 | 1376 | 1404 | 1366
temperature
ATe °C 179 111 127 96 132
Drainage rate  kg/s 4.93 5.17 3.24 3.15 5.99

ATc= Slag temperature - slag crystallization temperature
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Fig. 3. Change of pig-iron and slag load and temperature
at experimental blast furnace drainage.

AR, 1—¢)’ 1—¢) puj
(I’J =150(5$—f?723L]+-L75(£——§}l¥ﬁ—
L Cokebed ed, €d,

w | L
2 ]( Dpy ]P

(Apr )tapholc = 4f [

.............................. ( 5 )
f=£ (Re<<200Q) *7 e wereersmsmsesese s (6)
Re
1 e
V‘—f*228 410g]0[ D, J (Re>10000) «.eevvvvenn. (7)
PUDIL i (8)
n
9, BREIFIFIKEBOESE, AP e 4304 5 72

WG E 0 E & MSHILENEIRE B R L - ARG A IRE
L, FRATHENT, WENREK (1) £ X -1 DK
(2) MR L 7=,

(1), (2) ROBWAT, 282 hFh,
LA T,

(3) R, FHEETH, () RDEFZDH, (5) X
OHSILE A SRR E NS, Z2T, (4) RDFHHEIZH -
D, BEPODI—-2 27 ) -BLNILEHEL 2, Fig 4

L E DI, ek

RS KIS DZ by s L OLEBIEIZE D, Pk
WE NSRRI, 32— 27 —BICHFET 5680 E

E U7z, ZOFR, HE SN D HE L ~IUiE, ik

BERATOWRIE L~ LEHI X BB E —F L7z, L2 -T,

BRIZ T2 27 —BIZOARTHEL, A7 7Fa -2 2
FHRBIZTHEL TWB ENETAZENTE, (4) A%EH
HEE S 72 IR 5,

9, WETRICHE U TR LAV N SO IE SO P
HIEME,» 5, FHENSRILEE S TAPBIZHEH %, Table 5
1203, BRI 3B3TAPIZ DWW TEH U - =EE I S LR
R, BFUEDF VD 40mm TH S DIZK L, FHEE

186

450 — 7 : I

= Burden descend
4400- ASL Slag ( coke bed ) 2

g 150mm
43001 Pigiron | X _ T
B 634kg N
—_—
Drainage
420%
Time (s)

Fig. 4. Change of stock level with the drainage of experi-
mental blast furnace.

Table 5. Calculated tap-hole diameter of experimental
blast furnace estimated of drainage flow analysis.

Calculated taphole | Frequency
diameter (mm) (TAP)
32.5~37.5 8
37.5~42.5 8
42.5~475 9
47.5~52.5 7
52.5~57.5 0
57.5~62.5 1
P 35~60mm DFFAIZ /5 L Trd, KIS, BIFIZDN

T(H)~(8) Ricky, LERtHshgklEIzx¥+5
KL LBt RYREERE ORIRICHED X | S TAPHIZEHIE h
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4-1-2 KB, SR A PREM IS RIE§ RS
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Fig. 7. The effect of the slag content on
drainage rate.

Table 6. Calculation conditoin.

Poperties of fluids

Properties and conditions unit Gas Slag Pig
Density| kg/em® 1.2 2650 6500
Viscosity| poise 1.8><10'4 5~10 0.05
s B IR
Blast Furnace hearth conditions
Conditions unit Value
Number of taphole 2 (face each other)
Cross section of taphole m’ 0.124
Pressure in blast furnace kPa 100
Liquid occupancy rate 035
in cokebed
Pig generation rate|  kg/s 116
Slag rate|  kg/pt 300
.................................................... (16)

15=Z:%

(Einstein summation convention)

Table 6 (At EATR &M AR L 72, FHOYEIGRE L ~ L &
D, Wk, HEABRMEL, A ZHEAHSEFLISE L 2R T,
Wik 4% 74 % & RIRIZ 1800 xR oD gk FL 2> 5 i 8k
EEBT S, ZOMSILYIDEZ 4 10BFEE#EDEKL
ERIRREIZ e - 72RO SO W L~ % Fig. 812737,
Fig. QI SRIFEDOMRREEL AR T, A7 7RE2 LR
5 LR PEImc k0, HEBRPIIFNT Z-2 52
WD HFEFL N2 - 7B Y LR/ 5, 2O/BR, W
grrEnef] (7 2K X £ TORER) RS h, 27 70O4F
MHEENEMT A2 L2k %, ZOFNHEEEEMmI,
FHCZA 7 RSB IME % O RSEER KIZE A 5, Fig10
I3, EEFIZBT31Hb 20 O%KER (25 7¥AE-
P R) DO#EE X 7 7 RE L OB E2/Rd ., RFicF—4
DOREW BREEELET U7,

K TR A LR L, Kb  TRIEENENT 5 &,
—REE ik, WAL MR, F7203, SRR Ok
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Fig. 11. Change of reaction state and metal, slag content in
vertical direction (Quenched and sonde sample of
experimental blast furnace in the operation).
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comens | 507 €30 4405 M6 (@) | (G RO
(%) : (%) (%) | (%) | () | (poise) ()
a [345:428 153 60 | 1.24 3.1 1331
b [338i421!163; 6.0 | 1.25 3.5 1344
c [332:409:180! 63 | 1.23 4.1 1363
d [325i405:190: 63 | 125 4.5 1378
e |337:i416:1631 6.7 | 123 3.1 1347
f [349: 411165 61 | 1.18 37 1334
g 348139111641 73 | 1.12 32 1331
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Fig. 16. The time variation of pressure
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Fig. 17. Effect of slag static holdup on
pressure drop at slag dripping
experiment.
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0 DAY -2~ M (rad)
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