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Synopsis:

~ Melt-down mechanism of softening—melting layers in Hirohata No. 1 BF (blast furnace) is examined.
As the results with the upper part of “root” (the lower part of softening-melting zone, the end of which
contacts with the furnace wall), heat of fusion is considered to depend on the reduction rate (R.R.) of soften—

ing-melting layer.

The values are about 3 X103 kcal/t-softening—melting layer with R.R.~509%,, 8x
108 kcal/t with R.R.~70%, and 31 x 102 kcal/t with R.R.>70%,.

From these values and calculated melt—

down volume at “root” of Hirohata No. 1 BF, heat transfer coeflicient for melt-down of “‘root” is obtained.
By applying the relation to the estimated softening-melting zone in Kimitsu No. 3 BF, melt-down volume
agrees approximately with the heat transfer quantity. Melt—-down of inverse V-shaped softening-melting

zone is concluded to occur by this mechanism.
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Table 1. Operating results of Hirohata No. 1 blast furnace before blow-down on July 23, 1970.
Data Production | Slag Volume | Blast Volume | Blast Temp. Humidity O, enrich

(t-Fe/day) | (/t-Fe) | (Nm3/min) | (°C) (g/Nm3) %)

July 20~21 2 550 ‘ 0.289 ‘ 2 300 } 954 32.0 0.96
Coke Ratio Qil Ratio Sinter Ratio| Pellet Ratio | Number of Charge 19;1 rcnuela'tl?edmp

(kg/t-p) | (kg/t-p) (%) (%) | (Number/day) | o(i "% £rePr
507 | 37 50.4 15.2 104 J 2 066
Table 2. Dimension and calculated coke slit gas volume with softening-melting zone of
dissected Hirohata No. 1 blast furnacelv,

No. of laver CaOke Sll“r:ne Inside radius | Outside radius| Thickness of Thickness of Melt-down
. Y & (Sk;‘;}‘;) (m) (m) cohesive layer (m)| coke layer(m) | volume (m3)
3 4,74x 103 0.61 1.65 0.25 0.49 0.08
4 8.57 0.69 1.88 0.30 0.44 0.33
5 8.98 0.91 2.10 0.31 0.40 0.50
6 7.34 1.16 2.23 0.27 0.36 0.10
7 7.14 1.21 2.35 0.28 0.30 0.11
8 7.34 1.26 2.60 0.28 0.26 0.11
9 7.35 1.31 2.85 0.28 0.26 0.09
10 10.20 1.35 3.18 0.30 0.26 0.21
11 13.06 1.43 3.35 0.30 0.26 0.22
12 16.33 1.51 3.58 0.28 0.25 0.16
13 21.23 1.57 3.81 0.26 0.25 0.32
14 25.71 1.69 4.03 0.24 0.24 0.08
15 27.35 1.72 4.26 0.22 0.20 0.05
16 27.35 1.74 4.48 0.20 0.16 0.34
17 31.84 1.89 4.80 0.22 0.16 0.11

18 0 1.93 5.13 The highest layer of “root”

2. RBRY LWOR{LBETDREIFES
HE L AR O

JEXfRGE 1 iR OB LM X O ARy DERLAE

TR BHBE LA —27 A - A )y FEXBEBL VAL
Bl KOV % baEd DRlE R B3 OB OWMREE it
BT 5. WIEDFEOBESLMR X OHiHR O R4 Table
1,2 iRy

21 BHIEBBEHOBIELEETN

2-1-1 =T LoRE &BFRN

KB 1 B4R ORI OBRLRLE B ORER H 5 L2 9
FAINICHAEEL, BT T 5> Thiln BEEE
ENVREOTVS. EHIRETT 5 &d0ils Lg%
BRI D, 2ESHBRROBMICEE B S, Wi
BERO—BIC oW, PRSI CEAE, SEARER
D5 [EELICOADRETHY, FADHEBLIES L
Bhbhsh, FEhiofsiciift e oh CIRaERED
—EAE A, ZEBRE B IHA Uy A bl LB IRRBI
o5, & LTEER OBBIL, T8Ok b
ZOoTWh. BrREBIGIVGEEBORS, MEREOL

vz, BEEIMENTCDETT, RhE OE & 2ME R
BB, TOIHH AL, FAOLORE TEH» HRER 0L
WMTCBOREBBTS X0 b 2— 7 ARk, @B
FOHETO N E T AR TEREHNS b D LH#HEE
EhD., T TRD X S WHETE L O IRE L.

R &)

(1) B LkRERBC YW TSR E ket
oo T\ A, KA, P bRFefERBE O = —
7 ABEFN, COREPROa— 7 AL BIHR U CHRIRE
s, 2 — 27 AR, —BoLTORESIRVEE
%, BH—ERM GEARRCE LWEH) Bz
RO BEN G X bh—B TORBICE 5.

(2) MEBOBITEBREI—EEL LI ALDOME
B Lo CHEIHE LS. WAL DLBMER~DBET% b
b b EoEE R, MEBO TN bORDWTE
B35, ZoRBREOWTE, RO ENLBFRDI. §
b, EEUI LA LD HD, REOCRUERE ORAE
13, FERCRIDREMEV-C &, KT O RE
DEWC &, BrEdEby ElTRIOTHWA X5
EZ NS ED ST LOBEDLZNET & b

— 929 _



1538 B & W i 65 £ (1979) #m10=
hbé&E L. Tm,
(3) fEduz, FolUB OEEE~DER L U A 5 = % fnhwaf%my%pwHMMMWMWm(w
L EFE R, BREARBEBGEREE>TER TS B, LRDLZENTES.

B2 AE, & DRIGERREA MR E & AR
DEELCEETHLENDHD. Sl EwE L.

(4) EHRE B STy AnEhmegi+s -
) -

Fig. 1 @z h SR ER Lo BRK AR L.
BRR LichioTCl hS- ) 0B @BEE2EL2 5 E, B
LRVEBCOWTHRLN S r OFLED dr DOIg%E X Bl
DBEIEYE2 D LRORNNEILT S, FALDa—2
A~DOBRBENE 40, 11,

dQ = +hp-A¢- Qrrodr-lo) (Eg—1ts, (7))
FIRFIZ 7 A 0 HEE B BT T2 8E 4Q, 12,
dQo=hg- (tg—tm,) - 2nr-dr Lich.

— 5 BT s 5538 A TR ORI P 3\ THID I £,
(r) THotea—r A0, —BETTIHK t, () L
ATHETHE BEFE(z—272) flliconTZEE dg
iL,

dq=pc-lo-2mr-dr-Co- (ts,(r) — 5, (r))

1 hX47- 0 o3 AEBE n &F% & n-dg 1%, SELUER
REDOEEN D n-dg=dQ,, FicnAlicouTik,
dQ=dQ,+dQ, 75 %. FEEMlic o TEBCRADK
AYASH

npolo-2zr-dr-Co- (ts,(r) — 15, (7))
=hpd,- (2nr-dr-lc) (tg—ts, (r)) wereeveeereen (1)
GH U () —t5,(1)), t,(r) BERETHIUE, #A
DRE tg 1T,

tg=ts, (r) +n- po-Co- (bsy (r) —ts, (1)) [l Ao~ (2)
TRDOND., FRTALLEEBR~OBMBEEIL, (.
N by IR BHLE Tm, DRI,

Mel $-down
l fmo I J—’:‘O ume
7 - 17g
s T ty
(L)

Fig. 1. Schematic view of heat transfer from gas
to softening-melting layer.
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Fig. 2. Distribution of reduction degree and tem-
perature in Hirohata No. 1 blast furnace.
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Table 3. Coke temperature in softening-melting zone of dissected Hirohata No. 1 blast furnace.

N Coke temperature under a softening-melting layer Coke temperature
o. of p
layer - . Onc meter away - difference between
The point (°C) from the edge (°C) Difference two layer
10 — — — 25.5
11 — — — 30.0
12 1 300 1200 100 28.5
13 1320( 1 320)* 1250(1 210) 70(110) 25.6
14 1 360 1250 110 22.2
15 1320( 1 330) 1210( 1 250) 110(80) 23 .4
16 1300(1 410) 1190(1 330) 110(80) )
Mean 1326 1225 101=100°C 25.4

* The form shows temperature difference of right side, (left side) of softening-melting zone in Fig. 2.
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Table 4. Heat transfer quantity to softening-melting zone in one hour and Heat of fusion.

No. of Radius Heat transfer Melt-down Heat of M I
layer at tg==ty (m) quantity (kcal/h) volume (m?) fusion (kcal/t) can value
3 1.27 3240 0.08 5.1x108
4 1.34 5400 0.33 2.0
5 1.55 6440 0.50 1.6 2.9x 103
6 1.80 6 130 0.10 7.6
7 1.84 7 080 0.11 8.0
8 1.89 8 790 0.11 9.9
9 1.94 8 850 0.09 12.2
10 1.97 11 020 0.21 6.5
11 2.05 13 240 0.22 7.5 8.6x 103
12 2.12 16 070 0.16 12.5
13 2.19 20 750 0.32 8.0
14 2.31 23 520 0.08 36.7
15 2.33 29 280 0.05 73.0
16 2.36 36 170 0.34 12.2
17 2.50 40 830 0.11 46.3 31.3x 108
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Fig. 3. Definition of conditions of heat transfer
area and ore layer change in radius with
“root” at Hirohata No. 1 blast furnace.

AR, BAEFBFORELERCES L O5BIETS.
LA EDARTE H> HIRER D BAL R R 47 h OB TR,
Qe=hwe Se- (Te—tm,)

TELES. Tt Y b OMEBORMREEY 9 &
T5E (Qe/gr) N1 h KBIPCHEMBT BI85,
3-1-1 RIEEBREBOIE

IR L BIFE MR O R D 5 b b REH B0
(145 ¢) oW THGE LABTEREVRE A kD> 5. A1 1
B PR AR O B wAR T, RENP oW 18 &
~24 BECTTHIFE T BORMERBIKFEL TN 5.
CORED BD 5L BFETNE B, BEO FERAD
112t/h (25.6t/fE-h), = DOEOEHEFE, 45.03m? ¢
BRE Uil iEis Hisue.,

B 52 28 Qc 13, BELE SRIBEEEREK
he ZRIMET D E
Qc=hye-45.03- (2 066 —1 420) Eich. o

EPRHOBMHE BRI REMEBEE»DITELL
) CELTIEEAR 5 vARE S, Tebb (Qd/gr)
23, 12t/h @iebhilis biov. RBOBHRBEEREL L
T, RUEHTHMOMEREES &

hye-45.03- (2066 —1 420) /31 000=112

D35 hye=119.8 (kcal/m2-h-°C) ic%.

— B 1 SRR ER ORI 0GB hve TRD B &
hwe=28.5 Lic%. BROBUERAD 5> LERILEIR, %

DEERILT D ETHIERFOFES 0.62 & 2.59 ¥
X I v, kD SR CEIFERIL,
hwe=2.59(g/Dr) (D1-G/ ptg) 07 (Cppee/ Ag) /3

LD, eBZOFEHOE N OWTURKRD X 3 1nE X4
bhs. BEMoORL, BELINLTRBOEE~DOR
HEEFERTHD. L LEARD X 5 IeibE SR>
WL LS EEN R FRER i e, FROIRIcE
DEBEETZ LEXDWY DI A DFEIITAIRL D,
T OFERIBE &P LMo E MmN 5 7 A DEEEEH
ML=— 7 2A0FBES IS, BEGRHU, Fi5
HIEH ADPRNEEE LI DI REL LD, Ibrr—2A
Ve A D EFABENERCLD 2 — 7 ADTEIR
EAbEELAERL bz 0 bRRERL b EEN
CHSHEB . X 5 L E 2 TES NIV, ZhbOBE
B it P oBE T oE ) & L hiE big
WS, X TRIhbELEAELTE DL, B OKRIE
BERH RS E BHBEEEAL S D) HHEOT
T LDV, TOEBERTZoRAOFERTHEH L, BECE
ETDLERDD.

b 5 —DODEMEML, WHERFETH D, BB
D—BH, s BIRKER T % 7ediciy, BIEoFH
TBREED, —BRER T3 R/ BN S 503,
BE O, HRLTW3S.

32 BRIBFADKHA

3.1 oJKBfRAEE OBERBCE OB R B

equivalent
ore (ayer at root

- or

Fig. 4. Estimated softening-melting zone in Kimitsu
No. 3 blast furnace on Feb, 10-17, 1975.
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Table 5. Operating results of Kimitsu No. 3 blast furnace on Feb. 10~17, (1975).

Data Production Slag Volume | Blast Volume | Blast Temp. Humidity O, enrich
(t-Fe/day, t/day)| (t/t-Fe) (Nm3/min) °C) (g/Nm3) (Nm3/h)
Feb. 10~17 9190(9 705) 0.347 6 339 1311 5.4 7813
Coke Ratio | Oil Ratio Sinter Ratio | Pellet Ratio |Number of Charge |Calculated Flame
(kg/t-p) (kg/t-p) (%) (%) (Number/day) | temp. (°C)
369 68.2 94 6 127 2 352
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