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Course of Experimental Blast Furnace in Hasaki R&D Center
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Abstract

The experimental blast furnace in Hasaki R&D Center (Kamisu City, Ibaraki Prefecture),
constructed as a melting furnace in 1982, carried out a total of 50 test operations in 27 years up to
2008. This article reviews history of technological development and obtained knowledge of the

experimental blast furnace.
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Transitions of iron and crude steel production and experimental blast furnaces
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F1 KIBHERSIFOERE
Chronology of the experimental blast furnace

C -
arrI\llpalgn Schedule Operation subject Equipment transition
o.
SC Evaluation of cok rti d i t of
s | 1982311 Pé? HAton OF COKE Propertics and maximum amount ot 1y o¢- \felting Furnace (MF) established (10¢/d, 2.2m?, 3mH).
st- .

6-12th | 1982/12-1983/10 |Ferroalloy production.

1984 Shaft Furnace (SF) established (8t/d, 1.3 m’, 3 mH).
13-15th | 1984/4-1984/7 |Development of SC method. Reduction ore hot conveyor, Hot cyclone, and Sampling
sonde were installed.

16-17th | 1984/9-1984/11 |Ferroalloy production.

18-22th | 1985/2-1985/10 |Development of SC method.

Development of blasting and ultra combined
23-32th | 1985/12-1987/10 | < oPment Of Oxygen biasting and uitra CombIned 1 o¢7 Hot stove established.

blasting for furnace.

1988 Furnace height extension (SL: TY+3.0mH—3.5mH).

33-36th | 1988/3-1988/12 |Devel t packed bed t 1ti .
cvelopmel packed bed type scrap melling process 2nd tuyere installation in shaft (TY+0.6m, 1.2m).

STBF 1989 T /B i d hot blast control val tem.
1989/5-1991/4  |Development of ultra combined blasting for furnace. HYCIETBIOWPIpe alid ot biash CONToT vAve syStemmt

1st-7th 1990 Furnace height extension (SL: TY+3.5mH—5.0mH, 3m®)
1995 Installation of measurement systems.
8th | 1996/3/11-3/17 |Large amount of PC injection and low slag rate tests. (Dripping and cohesive zone samplers, liquid level detector,

stock level detector)

oth| 1997/4/14-4/18 FE;I charging, reduced iron and ore powder injection
ests.

10th [1997/10/27-10/31 }?valuatlon of ef.f(.ect slag rate and low slag sinter proper-
ties on permeability.

11th | 2000/3/25-3/29 |Evaluation of effect of high AL O, slag on the operation. | 1999 Ground flare stack was installed.

12th | 2001/1/29-2/2 |Wasted plastic powder injection test.

2003 Furnace height extension (SL: TY+5.0mH—6.0 mH, 4.0m’)

13th | 2003/11/7-11/13 |Evaluation of sinter reducibility and coke reactivity. Vertical installed
ertical prove was installed.

14th | 2008/11/16-11/21 |Evaluation of effect of mixed charge on permeability. 2007 Hopper for mixed charging was installed.
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§ 80| """ T el ‘\ i Shaft furnace
Y ~ N 0
: SN (P-l.5zkg /emP=G) L 1 Decrease in| [Decrease in| |Decrease in{[Increase in
£ 60 e N O\ Reduced iron| Reductant gas ore coke gas coal
re) Hot alr o AN IS ‘ Coke , shrinkage | [degradation| | volume ||consumption
% (900°C) 2~ ; .
3 40l (P = Okg/cm?-G) ‘ —‘r l\>< |
g Stolchiometric limit H Low quality| [High melting| [Low quality||Low quantity]
© (C+1/202~CO) 8xy?en Melting furnace ore capacity coke coke
00

2%z 04 06 08 10 12 14 16
P-Coal 70z (kg/Nm3)

Hot metal

3 SCEMNarEThH
2 WMRYOAHE EMREROBE®R Concept of SC process
Results of the coal combustion test
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SCH#EIE, Ik REFEEK, SREA DA RITIH R 5Hr
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ETHERDN R -7 DTHD (H3), 1982 FED%
B OBEIRF R R 4, %7 0— 2K 5ICENEIURT,
T 7 MET80~90% F TiEIL L7z eekls, B
TICTHRIFICIRE SN a— 2 AL L HICHEREN D, 1B
RIFCIEa—27 AD V) 2 —2 3 YO AREHERL v
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4 BERFEOSE (1982 &)
Appearance of the melting furnace (1982)
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Productivity = 8 t/d
Pressure = 1.99kg/cm2-G

0]

Reduction
furnace

control valve

L.ance

9
Gas cleaner

@mm iner

5 SC/810Ovy b7 Z > bOBIRE
Schematic diagram of the SC pilot plant

O Kokura No.2BF o Melting furnace
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1600
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Size degradation 300, Gasification
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6 BEFICHITEO— U AMIREH XM ERICES T
Distributions of coke properties and gasification degree in
melting furnace

23 MRS, X777 v TARERRE

1985 4E7 5 1987 4EIZ T T, Bk ik & EWGA A % B
4 AERE LA 7 Ot 2 & L CEBICHRE LSS
PEDPEERT N CHRBRERE L ERm L 729, FiOMkE L
SFRWGAHZ LD O, E=60%, PC/O,=12kg/Nm’® F&fF
TCEEE L RER, BRIt 407kgt, T — 2 ALE 258 ket
HEE 7.350/d/m? 23R L72e B 7 ICERERSE (Tay b)
LB I IRITEFET IV X HETERER (1, ) %
BERE L72o AT IV ORHRARITFERZ T ICHHTE S
7280, REEF (3680m°) Z5E L PC/O,=1.2kg/Nm® % i
Loy ialb—arzirHL, WS 330vd/m®,
I 375kg/t, I—27 A 180kg/t, BICH L 555kg/t A
B L ER T R & M ST,

1988 1213, WEEBRIFEGR LR T Ta—r AL
WAn e R L, #K8 1009% OB fRRER % Fhi L 720 itk
DF 2RI DM O SISO RN E O KT — 27 A
RS20 L, —BoEFHa—7 22T 57
%, FNTIZEFH I — 7 A2 MRS E LR, Fa
AT OFFFICHE Lo ictE e 2 0, K, Mk o3
HEIND, ZTOMR, T2ITIRT LHITEITTH I 275~
290kg/t 721, v 7 MERICHERE L 72 2 BERIO A H DR
I &) 240kg/t FCUFRE L 7219 HIBEHIZEEMRHIA L
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7 HABREFICLIBRSIFEREGR CETERBROLER
Comparison of operation results of oxygen injection and
calculation results

1.2

R2 HEBESWFICLDZRTTy TBRIREDER
Results on all scrap operations of the experiment blast
furnace

Indices Case No. 1 2 3
Bosh gas volume (Nm’/h) 800 714 614
Flame temperature (°C)| 2500 2700 2700
Productivity (t/d'm3) 11.7 14.7 14.7
Coke rate (kg/t) 275 150 125
Coal rate (kg/t) 0 140 115
Fuel rate (kg/t) 275 290 240
Oxygen rate (Nm'/t) 104 147 122
Additional air (Nm’/t) 0 0 74
By product gas (Mcal/t) 981 1255 881
Hot metal temperature (°C)| 1508 1486 1480
C (%)| 470 4.63 435
Si %) 029 0.35 0.21
S (%) 0.032 0.041 0.036
Slag Cao/SiO, ) 1.33 1.15 1.13
MgO ) 15.8 222 22.1
(%S)/[%S] ) 583 72.8 35.1

15t/d/m3 (2B F 57275, KRy o2 A%iH# 0.5Nm/s DSt
THET 5 L 30t/d/m* OMSEILIETRETH ), S HITH A
FIHEE 50% D4 TRICH L 150ke/t T TINE LS5 &3
ELRD, T2, B HWAFKHEBEEZ 7 5y 75D
DRI L7280 BW T F =V A7 T v THER
[FkE DS BRIy =R 2 FERE L 722,

AEREIF & L TOREHER

3.1 FHEHE
1987 ~ 1989 4EIZF bt L 7235 MU A0 7 &~ AT 55 T,
T =8 TANOLTE & BJAFREICL), IFET

3.
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D SC BIZfRIA D 5 E BRI 2 /N ERE R (STBF) &
%5720 1989 fELIRRIIE B IR 2 B £ 2 4 14 o= IF
RIABIEELE/LTBY), ZOMICATE 3 EDFETERE
FATVEE A by 7 LLid 3.0m 205 6.0m ICHER, A%
X 1.3m* 205 4.0m® [ZH5K L 720 1995 4FE LU FHIlNG D
WERE HAR v N — OHREE L R RO (2008 4F) D4t
BlzX8, #fi7u—%K9, FAKOBAXZE 1012
FNEIRT,

8 RESIFDsE (2008 F)
Appearance of the experimental blast furnace (2008)

BRI BB HREI T A ¥ VESSHRE:, T Iy 7 A
BAEHLEE (SICEEEMH) @ 2 BEoBGSIRgs X )k S
NChBY, BJRIFELE T o BEIR 1L 1050C Td 5537
FEin £ COBGELOREIZLY, 800C S THIMIZHE
JAEN D, 500Nm/h DG T Y7L v — 2 FETRAM
w13 900Nm¥/h, F 72, HURFERFE 400Nm¥/h, R E F 600
Nm¥h, LPG 30Nm¥%h OFEIIZFiD, P (EFE 35mm) %
IARKFL, REECERER ORIV TE R E
\ZR%E L 22 BUR S & e L CRIOEORERIEZ 475, H
PEFLIZ 1 ATH Y, BFRE~ Y T U 2AL, a1t
DI GEEERIR 2 B B X2 5 S REOMBEE 1T
ARWCGA AR LA e (REJT 300kg/h) A, 5 87 55
DRy 8= HELTHY A 150kg/h, FEIEE 30
kg/h), HHRITDEE % TN R E S 72 WGA A
JANEDF ) TEBZBIITFENIIIREATNS LIS
o TWh, WTHIZIZT—2 AH (78 800kg) 1 2, #iA7
S (B2 700kg) 2 DD R v /S=HFESNTBY, a—
IRy M= RED 1 Ea RS, 6EICaEILIA v
FUTEANEL, HAREIT TN T4 —=F=I2TTI
SIFNEH NI —1CRE AT b A AR IL S A b
Xy v Fr—, NyFa)—Ar7IN—L)ERSH, B
THH AIKB R ERT T LT AT v 72T S R
b

[Gas cleaning facility| o
ng

M9 HEEFEOEKFEIO—
Experimental blast furnace and peripheral facilities
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FfRIZIE, BT A, T (B T 3AK) 12
T TP T D TIHIIESERIZIFR AT ALK
BRI OM, VY FRmO T u— T 5T 52 &
TEHEFOIFNEY ZRNT L2 TED, B 11(a) 12
P27 T =12 LB FERHREURI O — Bl % IR § o Rl v
77—, RO TR Y 77 =TI LIZ LR
BHEWD RN SNz BRI, A FEAOY v 77 u— 7

AN 5m {, FAEZMETHZEbd o7,
Wi L ASOVEHIREP IR E > TWAE AT, A
YT U= TR EFRESE LI L TAT ZEHE,
AT T A IVHREMEEZRMTES (K11 () ALy
LAOVEHIE BRI & & P EELET 52 EATE
%o MMATIOIEE Y » I3 FAIEREL CRETL, HA
WL, 7 AR SIS % 15 Z R TE S,

Y+6550: 45,225
Y+6250:45,225°
Y+5950:30, 180°
Y+5650:30, 180°
Y+5350:30, 180

[Tv+4500: 45, 225°
TY+4500: 165, 282:
[FYr4300-19531

[Fr300195.31
TY+3950:45, 180,300°
TY+3600: 45, 180,300°

TY+3000:45, 180,300
TY+2400:45, 300
TY+1760: 90,210,310
TY+1200: 15, 90, 180,290

TY+ 600:25, 90, 225,280°

TY +0:0, 90, 180,270

Hopper for mixed charging

Ore hopper

Sounding

Vertical probe

1500

4614

Tuyere (3p)

L1117

Inner volume (md) 4
Hearth diameter (m) 0.9
Stock level (max.) (m) 5.0 (6.0)
Coke hopper Number of tap hole 1
Number of tuyere 3
Top pressure (MPa) 0.15
Stock line detector Productivity (vd) 2

SL: 5.0 m
TY+5500:250° TY+5500:90°
Sampling device
in cohesive zone TY+4700:0, 200° T3+4800:130]
(TY+900~2000) TY+4200:330° TY+4100:150]
TY+3600:90, 270 TY+3600:330
TY+3000:330° TY+3000: 165
Liquid level detector Ty+2400:90,270 TY+2400:330
/ TY+1800:90, 270 TY+1800: 150
: ; TY+1500:90.270
Sampling devices 555505701 TY+1200:335
in dripping zone  1yro00:90.270° TY+900:265
== (Upper: TY+700) TY+600: 260"
== (Middle: TY+300)
(Lower: TY=0)

826

A = Tap hole
&

10 HERSIFDEXE
Schematic diagram of the experimental blast furnace

|Pressure gauges Thermocouples and
gas sampling probes

TY+6100:90°

TY+6100:250"

TY£0: 90,150,270

Cohesive zone sampler
=

Cohesive zone /Dripping zone sampler : Notch pocket lance rotation method.
Outer diameter: 114 mme, Inner diameter: 96 mme
Each notch inner volume 1.8 X 10 m?

(a) Cohesive zone/Dripping zone sampler

Iron/Slag liquid surface level detector

surface level detector _&- > .- = -
(Immersion type)

Screw step wise: 3 mm,

Thread height: 4 mm,
Diameter: 35 mmg
(b) Iron/Slag liquid surface level detector

K11 PRV 7T —IC & EAHEFEURR & SmEL NIVET
State of collected samples by samplers and liquid level detector

Slag Metal

— 135 —
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Liquid detector
Slag liquid level
R |
50 4500——————T——
45 NBurden descend
40 1 - N\ - Slag (coke bed) X3 Metal
35 ([kPa liquid level
g 20 \ 4400 [asL
o g 150mm
i; 25 110 \E/ { Taphole
2 20 | Q 3 3 \y Metal iron (coke free)
g - \ 7}
o
2 1 s o A
E 15 4300 I2§41ﬁ)n S W : mark of liquid
20 g >~ level by liquid detector
3
= 0.
5 I >
00 hj_ Drainage
' iron
05 L—— 420
00 05
Radius (m) Time (s)

(a) Vertical stress

(b) Stock level variation and state of hearth

12 IFRZEEIGH, X by TLNXILOBEERIFFEROIREE (55 11 [E#RE)
Vertical stress, variation of stock level with drainage and state of hearth

M 12 1 EHHE L ~VER A Ny 2 LAVERZ X B EHIE
BICTh b, HEREIFNOEBEICES ¥ 7 b FEEIFERIC
BT 5~10kPa f2EE, FI%) 7kPa ThH Y, EAEFw L
THEB (K 100kPa) D TBHEE & BAED S5 H (X
12(a)), ZOEEILI LIBEHEEIZ L BFOIFENNT ~
2 & ABREIFIC B B EOF LIRELREETE D, X
12(0) ZHBEFOEE A by 7 LAVHER & F OB O
BN OB L NOVENS L > CRE L2 E 2 7R i)
HMAOa—7 AL, A5 7HIZETLTBY, &
PAIIZF VTV D T EDSIEE S, ERLDTIFENT VA
DR L =T B b o7z,

KRB ERIIIBEA Ny Z LAV AR L - F8 238
MEFEHL, BEFELITI . BRI PEEHPTE
WEICTI—2 X, SADRBIERZRNT 2, FNkE
HEDFGI AR 13 1R o PhEEBEE AT O @A LE8 &
D 1400C % B 2 7RIS H N O AR A Z 71, a3 —72
AL OFERANRRKE GRILTOZR VA, J T CHRIEREDS
BKFLZATZIEa—2 AL DBNIERENT L DR T
SR

1413, AAEFAE R OEEROIFNY > 7V 5Tt R
D—BITH %o i Far LD O T A7 VDR RHEAT
BY (X14(e)), SbEmHEEZ?D AT 7% ash L HfL%E
TGO THREEE DM T 54, I FEAIOAT 7 FeO 13 1.0%
RBEPS, M LB TIRIZHELNVETERT T 5,
NSDF =IO T TORAT 7 bHEEST L EH
T&bo BB, MMEREIZ X ZIFNEY O5HHE L H3Ed
DY 2T T\ L BRI O GHAEI I AT L Tnb 2
EMS, TEORBAMEIZBIT B 7T — R OFETA
FERIC L D IFNIRREO AT RECTH 5 Z L A% o
720

-
—
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6000
Dripping metal which began
to separate from molten slag
5000
40001 5 s
Molten slag has not got
with the coke
3000
2000 -
1000~ - Vil
€) TY+0.80m,R=94.5%,T=1477°C  f) TY+0.80m,R=96.7%,T=1477°C
1 1489°C Molten slag has
sufficiently got wet with the coke
o L : »
ere | o
P EPR R I -
500 0 500

13 FRIAEAEDES (55 13 mig%E)
Dissection of experimental blast furnace

BRI L & 72 0 e 5 HAEEET, 13EH 72D
#J 15 220 3 18 3 ZSAUHITHERE S 720 FHrE= I THYRE
HHZ 47 HEIE, FHEREOTEIRIER AL A ML
JERHR v 28— EAUESE L R O FBIRC & 217 ) FEATE, 8
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Vertical distribution of sample analysis results by dissection and sampling sonde
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Concept of ultra combined blasting for blast furnace
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Relative production rate, reducing agent rate and permeability through the reduced iron melting tests using experimental blast
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Calculated results of experimental blast furnace operation
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Experimental conditions
Case No. 1 2 3 4 5
Sinter Sample A B B C D
SiO2 (%)| 5.01 3.89 3.89 4.63 4.60
Ca0 (%) 999 | 9.09 | 9.09 | 944 | 9386
MgO (%)| 1.09 1.11 1.11 1.19 0.94
ALO, (%) 2.09 1.87 1.87 1.95 1.84
FeO (%)| 747 5.88 5.88 6.93 5.86
RI (%)| 64.6 68.0 68.0 68.1 66.9
KSx10° 1500 648 648 1085 1195
RDI (%)| 417 | 428 | 428 | 453 | 442
TI (%)| 769 81.3 81.3 75.1 67.2
Fluxes (kg/tHM)| 335 | 133 | 741 55 19.3
Slag rate (kg/t-HM)| 302 258 302 271 271
Ore/Coke (-)| 3.64 3.58 3.60 3.59 3.61
F T T T T T
—4500 Number in marks |
g = Case No. €
€ 4000 i
g KS
o L
3
F3500 @———?@ .
E L slag rate
3000 Sinter -
F KSx10° (Sample) :
1O 1500 (A) 1
_ | | ess (B) Q |
£ 5000} -
—g L
845001 KS _
2 I |
2
o 4000 @ E
x Bl =
3soop , , Slagrate |
260 280 300
Slag rate [kg/t-HM]

18 KRIZXF 2 KS & X VDR &b
Comparison of effect of KS on KR with that of slag rate
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Effect of KS on KR in the commercial blast furnace
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Results of experimental blast furnace operation
Casel | Case2 | Case3 | Case4 | Case5
Pig output (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 | 112.5
RAR (kg/pt) | 742 | 783 | 823 | 773 | 848
Top gas temperature  (°C) 360 | 347 | 406 | 410 | 397
Top gas 7., (%) | 40.5 | 405 | 37.1 | 405 | 419
KR (I/m) | 3080 | 3366 | 3323 | 3190 | 2815
Pig temperature (°C) | 1457 | 1446 | 1428 | 1418 | 1390
[C] (%) | 475 | 473 | 456 | 448 | 444
[Si] %) | 077 | 0.7 1.35 | 0.63 | 0.72
[S] (%) | 0.025 | 0.023 | 0.056 | 0.05 | 0.057
Slag temperature (°C) | 1533 | 1541 | 1503 | 1500 | 1498
(ALO) (%) 134 | 18.6 | 204 | 19.2 | 165
(MgO) (%) | 536 | 85 | 475 | 463 | 10.6
(CaO/Sio,) (%) 149 | 146 | 1.21 | 144 | 118
Viscosity (poise) | 2.35 2.5 593 | 6.03 | 145
Viscosity 1500°C  (poise) | 3.07 | 3.51 | 6.04 | 5.64 | 1.43
Crystallization temp. (°C) | 1354 | 1430 | 1376 | 1404 | 1366
ATe (°C) 179 111 127 96 132
Drainage rate (kg/s) | 493 | 517 | 324 | 3.15 | 599

ATc = Slag temperature — Slag crystallization temperature

6.0 T Slag 4.6~h;;§0§§)»~10.6
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Effect of the slag content on drainage rate
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Test cases of the experimental blast furnace
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Layer structures of test cases
Casel Case2 Case3
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