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Effect of Humidified Blast on Blast Furnace Operation from the
Viewpoint of Softening and Melting Process of Ore Burdens

Haruo KOKUBU, Akira SasakI, Seiji TAGUCHI, and Nobuo TSucHIYA

Synopsis :

Oil-less operation of the blast furnace has been carried out on the background of the recent oil market
soar-up. During the early period of oil-less operation, the furnace encountered a temporary instability
resulting from the increase in slips, but currently the stabilized operation has been maintained mainly due

to the application of the humidified blast.

In order to clarify the effect of hydrogen upon the blast furnace operation from the viewpoint of sof—
tening and melting process of ore burdens, softening under-load tests have been carried out under sim-

ulated blast furnace conditions.

H, addition improves the softening resistivity of burdens and shifts the beginning temperature of pres—
sure drop to the higher temperature side by virtue of the reduction enhancement effect of H, at high tem—
perature. This results in the cohesive zone with narrowed width. Possible influence of the cohesive zone
width on in—furnace permeability has been examined by using a simulation model for estimating the in—
furnace pressure distribution. The calculation in the case of non-humidified blast indicates the increase

in pressure gradient in the region of cohesive zone,

occurrence and helps the stable operation.
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The humidified blast decreases the possibility of slip
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Fig. 1. Change of operating data before and
after the oil-less operation.
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Table 1. Chemical composition of samples used
(wt%).

Sample F.Fe FeO CaO SiO; MgO Al,O3
Self-fluxed sinter 56.5 5.48 8.29 5.62 2.23 1.97
Acid pellet 64.8 — 0.83 5.12 0.11 0.88
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Fig. 6. Change of testing curves with H, addition
in case of self~fluxed sinter.
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Table 2. Characteristics of sinter (500 g) after
preliminary reduction and max pressure drop in
softening test.

Sample T.Fe Pre redu- FeO Total slag Max.
ction volume  volume pressure
No (wto) (%) (cm?) (cm?3) (mm H,O0)
1 50.5 80 40.3 151.2 370
2 43.9 90 17.5 164.5 385
3 40.9 100 0 169.1 345
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Table 3. Conditions of model calculation.

Voidage Temperature
Particle
(=) diameter (°K)
Upper Ore 0.35 7.26%x10-3 860
lumpy zone Coke 0.45 2.46X 10-2 860
Lower Ore 0.35 7.26x10-3 1250
lumpy zone Coke 0.45 2.46x10-2 1 250
Cohesive layer 0.15 4.24%10-3 1 500
Coke slit 0.4 2.07x10-2 1500
Dropping zone 0.346 1.45x10-2 1800

|
<ItA Temperature distribution
1210/10.,\\ by investigation of
[ \ quenched Chiba Na 1
duN) B.F.
1310°¢
420

Cohesive zone
(CASE—1)

Fig. 13. Temperature distribution in quenched
Chiba No. 1 B.F. and cohesive zone assumed in
simulation model.

— 279 —



2344 g & @

% 68 4 (1982) 515%

\WANVARVA RN
ANAWZATNY

SN
N N g |

l7-

0.1
02 0.1
03
02
04 SN
SIS
T~ \]O'5 - 03
c 04
os g8
0.7
o 08
IR
08 N 09
0.9 e
10 10

AN

VAVAVAVAVAV))

CASE-—1 CASE-—2

Fig. 14. Change of dimensionless pressure dis—
tribution in B.F. with shape of cohesive zone.

EPRBEEIhBE LTS,

Fig. 13 oiai#isik (CASE-1) 12 T35 3 5358
WEZER B0 25g/Nm®) oy 7 MERTTEIME &
SHEERTTENEE D BIE—FKT B L 5CEDN. =D
RIEHERAYEEL LT Hy, 0% BOMRAYHEL, 1§
= ARDWTFERAERTENDSAE2HE L oy g
THZER I VFRNASKCRIET H, oF8icounT
DR IT O,

Fig. 8 ind X 5 W BB MEEETZ I OWTIL Hy, 2%
WWINCEHRERBBEENH 1000C LR L, Fhllk
DEINTHITE A EEITIc. F2 T H, IimE 2.4
% b 0% ~OBTI X b = F A L ORREE L KBS
BEAH 100°C ETT5 LEE Lic. ZAZEHERN:
TEEIBF L PO LA TEE - SF ORGTEY 65
LRIFREREST, Fig. 13 KXz : H, 2.4% %
DR (CASE-1) o(Fiz# 100°C oE I 2

CASE—-1

F.1.
E& os~10 [ 10~16 | s <

Fig. 15. Change of fluidization index (F.I.) dis—
tribution in B.F. with shape of cohesive zone.

CASE-2

T5Y, I T H, 0% BoREEHIYy Fig. 14 o
CASE-2 &Rt X 5icz otEs CASE-1 i 2 f2ic7c
DX SITEDN. IRREDF A AR XA D REH
L8 HRCREE R 200°C M35 4 ot
Zu, Fig. 11 RT X 5 CmE Bo@Eg i INER
0~60% T AMKETHZ b, EHEHCESD
BV ORMETFREIZIVRLWEEL bR 5.

Fig. 14 i H,, 2.4% B (CASE-1) 3s L1 0% By
(CASE-2) DFRBEKRTENSHOHEERY 7 7
CASE-2 13 CASE-1 it ~E Sk T FS 0 EhS 25
BETIVECHHBLTE D, H, FMEOE T X HaEs
HHAGETOBELVET B L2l s,

Fig. 15 12 (9) R X h RDA-FiBMLIEH (F. L))o
FARZHE L RT.

F. I.=(3P/BZ)/pB-g ........................... (g)

— 280 —



B AY OBRALIE LA R B 5 B2 IR R O B F 2~ o B 2345
CASE-2 3 CASE-1 it fb~EhZEE TH R X O PREic B,: = ()
FT Fo L >1 OfEa AR A>T 5. g EHMEE (/s
g . : . L:J o, Abs27 54 vEOESE (m)
L1 DEBETEELIRK EHRIIRS S LIS 2 P:ES (kg/m-s?)
Fe WA MG FAREEC S & LitFH TR A Pg: ZREDN (kg/m-s?)
% Pr: FEEES (kg/m-s?)
- ) o ‘ S mIEEHHERE  (m?)
D EORHBEERE» LEFE~ONBXR 0K, T /b TFT : gisarpeing  (°C)
b Hy R0 X DR E RO RAR IS, tofRg 10T FRAAEE (0)
FORERECHEETHEEZLLRS. V*: ERTHAFE<Y b1
) V . gosu: Ko ¥ 2 AE (Nm3/ mln)
6. ; = OB : %%E (kg/ms)
s = Z: FEhmEE (m)
BEMpERE Rt T O~ v o + OREEKEE RIE '8 ik
T H, o8 oL THEL, IOLEEFAY AhE 1) wRE@E—E, WEXL, BERPM, LHE—, ¢
7 0 IV TREASE O RTRAFHE O & BB D o B TAR®: em, 02
. A s P-
FRSHECRETESCOWTEEB LU ToOE R4 18 2) BN, SEEF, BRAMP, STHAR, /MR

fe.

(1) BEMERERSE, BESv, r&d H ik
h BRI TORTAEE S K, Mikibi:oskss, FE#HEL
ABREDO LA, FRE - 7{EOET /s & &SR
HEINIS.

(2) BV, MZF 1100°C LI E BRI s
WCRTERBS Y R To0K, HBEREM%REEEEN
H, ¥ine X % miESIREGE ST/ X,

(3) AERBOSWMICEBRERI A 20y 2 ADLE
R Lic FeO RREMIHEHSELE B O Z2R % 8 b 78RR
PETT BB 5.

(4) H, Hme ko @RS COBTHEES T
FeO RahRED AT 5. FORKELNHTOEEET
R s FeO Rl & = — 7 A L DEERIGIC X 5
BRBETROEIE IR T 5.

(5) BEF~oEEROKN, T7cbb H, Hinic
X hREREARENCES L, MER COBEKSHE
INTEFORERFRCEFST 5.

o =
Valag : 27 7 OfF  (cmd)
Wreo; Wegangue : FeO H XU lREMOOER
PFe0s Pgangue : FeO B X UIRBR S DEE
(g/ cm?3)

S fo: BEE, NI VA /AR L VESE BB
(-)

(g)

3)

4)
5)
6)
7)
8)
8)

10)

11)
12)

13)
14)

15)

16)

W, NTSEHE, DR HE, AREASE: IR
gE, 11 (1979) 3, p. 388

wmE B, FEE—, WmEk, QK &, &S
o, ) OR, WA ¥ gk R, 67 (1981)
4, S69

M. A. ProrsteErR and J. SzekevLy: Ironmaking
Steelmaking, 5 (1979) 5, p. 209

LLIRE BE KBS, JBEEARA, BRI —: 8 @, 66
(1980), p. 1850

HARHER, BUWER, M4 & Bk, WE
—fh: gk 89, 67 (1981) 4, S45

i &, FEHEXE, BLEN, a6 #H
@ g & 8M, 66 (1980) 11, S700
INEEIER, fEEEE, Lo —R, SHEER, WE
JTw), TtEfA: g @, 67 (1981) 12, R716
_")—ﬁ%ﬁ]j&s f&f}j_ﬁ%: %7{‘_‘ ]\%: ?gl;ht %U: H A
#H]: gk & ¢H, 67 (1981) 12, S783

S. Tacucui, H. Karavama, N. TsucHiva,

K. OkaBg, K. Tanaka, and K. OKUMURA:
Stahl u. Eisen, 101 (1981), p. 43

[EERee R, JtHEmkL, EOM: gL, 50
(1969), p. 764

e %, mE W, FEsERE,
#, 62 (1976), p. 472

F. Wust: Stahl u. Eisen, 48 (1928), p. 505
V. A. RoYTer, V. A. Yuza, A. N. KuznNeT-
sov: Zhur. Fiz. Khim, 25 (1951), p. 960
TIMEERF, BREXR, THEA, AXKiEE W
PPREME: £k g, 66 (1980) 11, S699

S. Ergun: Chem. Eng. Progr., 48 (1952),

p- 89

55

BH M &

— 281 —



