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Formation and Melt-Down of Softening-Melting Zone in Blast Furnace

(Report on the Dissection of Blast Furnaces-3)

Minoru SASAKI, Katsupa ONO, Akira Suzuki,

Yoshio OKUNO, Ken-ichi YOSHIZAWA, and Takashi NAKAMURA

Synopsis:

The processes of formation and melt-down of the softening-melting zone are discussed based on the
results of dissection of water—-quenched blast furnaces. .

1) Iron ore granules of the ore layer change to half-molten state through softening. The transforma-
tion of the granules is mainly effected by the hot reducing gas passing through the ore layer.

2) Two processes of melt-down of metal are considered as followed:

from the mixture of metal particle and molten slag.

One is the formation of “Icicle”

The other is the rapid carbonization in metal which

contacts with hot coke at about 1 500°C. Reduction of silicon in metal does not occur in these processes.
3) 'The original slags generating in granules of pellet and lumpy ore are rich in FeO. After separating

from the granules they are blended with the slag from sinter.

gas-reduction.

FeO in total slag is further decreased by

Consequently, FeO content of the slag just before melt-down is only a few percent.

4) The drop metal and slag have changed their composition after the blowing down of the furnace.
Therefore, the change in composition during the dropping process is much difficult to be estimated.
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A Half-moiten portion, A': Half-molten portion just before melting down
B: Softening portion, C and D : Lumpy portion

Fig. 1. Structure of softening-melting layers (Hirohata No. 1 BF).
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a) Softening portion
b) Half-molten portion
Photo. 1. Macrostructure of the softening-melting
layer sample (G-5, Hirohata No. 1
BF).
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a) Coreless pellet
b, ¢) Wustite~-core pellet
Photo. 2. Microstructures of the reduced pellets
of the softening
Hirohata No. 1 BF)

portion  (G-5,
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a) Cross section
b, ¢) Vertical section

Photo. 3. Macrostructure of “Icicle” (Hirohata
No. 1 BF).

Table 1. Reduction degrees of the iron ores of
the softening—melting layers

(Hirohata No. 1 BF)

Softening- Reduction degree (%)
melting | Portion*
layer Sinter |Lumpy ore| Pellet
B 65.6 65.0 79.3
G-5 C 72.8 68.2 81.2
D Ir.s 12.3 14.6
G-19 D 35.4 36.6 41.3

* B : Softening portion, C and D : Lumpy portion

Table 2 TH 5. BMAHOEZE L OERTE, F—
SLABTIE 12~15% DFILEBTEL2VWTWS. Bk
SRS REA~OE{L 2N S ETEOA LRI, Fog
BHEDPE Y Er VB TR 2 TWw 5.
DECREN B TV, BERSEL BREAA D 65% ikt L,
SV bEY 80% EEWVETELYRLTWAS. JIS &
TR THEEhEh 65.6%, 58.29%, 66.59, ogTx
BB LDOTHD. BAESHED X S BRI
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Table 2. Reduction degree of the pellets in
lumpy portions.

Softning- | Sampling position | Mean value of the
melting (distance from the | reduction of the
layer boundary*, m) sample pellets (%)
2.0 12.7
G-3 0.2~0.3 23.1
1.0 14.1
G-10 0.2~0.3 (55) %
1.3 13.9
G-12 0.9 14.3
0.5 14.3

* Between the lumpy and softening portions
#% The value of the reduced pellet being not reoxidized
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FRFERE DYIERIERI © I — 7 A EEMEED HHES
NHBECEIERE. 250k b tREFEOETOE
BRRLhEA, Thida—2 2 &L TORRSE

Table 3. Composition of the slag minerals in the reduced ifion ore granules of the
half-molten portion (Kukioka No. 4 BF).

: As oxide . (9%)*
lsc %r:lplmg Iron ore granule Analysed phase .

: CaO FeO | ALO; SiQ, | "Sum

. Dicalcium silicate 60.0 4.1 nd 36.0 | 100
i Sinter . Glass 37.0 | 12.4 | 15.0-| 27.0 | 91.4

Fayalite 0.9 66.3 nd 32.9 | 100
13 Lumpy ore Glass 6.4 | 334 | 12.0 | 31.0 | 92.4

13 Slag materials in the lo- Glass 44.0 nd 25.0 36.0 | 105
wer side of the portion 4 36.0 0.4 18.0 40.0 94.4

# Determined by X-ray microanalyser
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Table 4. Metal composition of the softening-
melting layers (Hirohata No. 1 BF).

Chemical compo-
S . nent (%)
ample Position Combined | Alloying
e Si*
» .
§ _ g Upper side 0.16
=g G- 8 [ ower side 0.35 <0.01
g2
I o i
o5 Upper side 0.22
:ﬁ 7 G-25 fower side 0.57 <0.01
8 G- 2 0.34
2 G-12 0.87
3 G-25 0.67

* Obtained by the non-water soluble solution electrolytic
extraction method

ATZTeDTH A S. JHiE 4 BIFEDFEVT Table 6a) i@
RUT. EHERMHO TEIORYRESEREL, /2& 213
No. 13 v = T130.132CH %5, Z OGS OEGEH
X Photo. 4 T L TH 5. a— 7 A LETH
NEWNRIOMmES 2) 17 54 Mdkch s, The
W LAESTIEDb, ¢) DX 5T/ —35 4 bROME
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SER{FM 4 BFECER LR o %, EEHEO—A
BOWED WhHHEBYRA W CIBEIELERYTE O
R, 900°C T L hr TR LB T T BILA
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Thot. £BHOFMSEIIZDORESE) ST 1380°C &
5. ZORBRI0ecmoEX0fiaRerETa2—o 2
TREATERTT S HELDOT, EEORERBTH>T
VREBREE T RO 0 — 2 2B LET RS OBIEBIT
WET5EBRPLRS. -7 2BLELLVWESOIBET
EbHiy, fMENLTERR LEREEORVEEELS,
ZTORE T TMREINI-LETRIDL EEZLNS.

Ld L, LEDORERCH2TIE, LERERDE L
{AHEE IR vE 1 350~1 400°C ¢, £Egkofhs & 1% 100
°C IEWEBHD. ZOUIUTOBTELIE, %R
DGR PME N FHHETR CEIRMIC A 5728, £/KL
T EBHIIIAS VB ERTHELBEY OTHAS5. |k
FrRUToH I0ecm it X SEVWOLLDOERKIE, £
D—D>DEEHL £ B s,

COEBEAULKRDE S AHETOEL LOBHRER S
Fic. SMOFIGECHAE -2 2% Scem DEXIIT
THEZEAL, N FEHKTI330°CETHREBE LD L,
1i7E 0.8kg/cm? A iy, CO FAREZLALTETL
fel T 5, 2~3cm DEID2LLDERMBR B,

L] L L - 4 2 L% L Je—
The figures of b) and c) (the lowest part of the portion
show that the metal was carbonized in contact with coke.)
Dark gray phase is inclusion slag.

“

Photo. 4. Etching figures of the lower side of
of the half molten portion (“Sampling
level No. 13”7, Kukiocka No. 4 BF).
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Table 5. Change of slag composition in the dropping process.

(Hirohata No. 1 BF)

Chemical component (%)
Sample | Position CaO/Si0O,
CaO Si0, Al O4 MgO FeO K,O Na,O
G- 8 Center| 40.0 ¢ 34.85 12.6 2.3 3.53 1.45 1.10 1.15
Edge 35.3 30.80 10.2 2.2 2.37 0.68 0.77 .15
Icicle
G-25 Center] 41.2 34.75 14.7 4.8 1.20 0.46 - 0.67 1.19
Edge 40.0 36.60 11.7 6.4 0.57 0.83 0.95 1.09
Drop G-10~11 39.5 35.15 12.9 3.9 1.70 0.33 0.44 1.12
materials | G-25~26 39.3 36.45 11.6 7.0 0.65 0.17 0.47 1.08
Table 6. Change in composition of metal and slag portions in dropping process.
(Kukioka No. 4 BF)
a) Metal portion
Sampling Chemical component
Level, No. Position* Combined C Alloying Si 'S Mn
® 0.13 <0.04 0.026 0.36
13 ® 0.74 — 0.062 0.43
® 1.90 0.23 0.115 0.63
@ 0.33 <0.04 0.036 0.11
14 @ 1.27 — 0..085 0.66
® 1.50 Trace 0.070 0.32
15 ® 1.53 — 0.057 0.57
©) 2.65 0.24 0.044 0.61
16 @ 0.64 <0.04 0.057 0.46
©) 3.68 3.69 0.041 1.77
b) Slag portion
Sampling Chemical component (%)
Ca0/Si0,
Level, No. Position* CaO Si0, | ALO; | MgO FeO K,O | Na,O S
13 ® 28.5 25.6 9.8 3.6 8.3 2.29 1.24 0.57 1.11
® 31.4 27.6 9.5 3.1 8.3 1.39 0.77 0.69 1.14
® 44.6 30.9 11.4 4.2 1.3 0.47 0.34 0.49 1.44
15 ® 35.0 30.1 12.0 3.6 3.9 0.08 0.04 1.32 1.16
® 36.0 32.3 11.9 3.5 4.6 1.06 0.64 0.91 1.11

* (@ : The lower side of half-molten, @ : Icicle, 3 : Drop material in the coke layer
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(Table 6 H88). A LI TCREHORBRICEELT
BELWPSEALLLSTHY F%d Fe,0, 244

( Metal portion)

L @ © ] @® i 1 O
0 2 4 0 2 4 0 0.1 020 0.6 1.2
(Slag portion)
Ca0/Si0; AlOs S Na K
F Yy | L4 ]S IR ° [y °
L] a s A ) .l
| /] :
@1 ST ‘\ I
e o 4 o X XO;
" i PYSER NI
' P LS %\\ N
K“% x‘l{l\ ‘\K /) ,-'Zx/- 7}\\s
\.\:% . ;- A &0 X R s
\"‘}i \n“(; HA “:4 2l
I \‘\E- ,A/*fx’ j[ ?‘Vé
O A X ar ’U 4 o
(] \\E I'/{ ’ '! ‘l
ax *m aX aed ] :
1 ®l 1 i 1 |® @ 1 i 1 1 1 1 1
08 1.0 1.2 1012 14 605 1.0 1.5 20 0 05100 0510
: Content (%)

Fig. 2. Change in composition of drop materials (Hirohata No. 1 BF).
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Fig. 3. Change in composition of drop materials (Kukioka No. 4 BF).
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Table A-1. Analytical results of alloying silicon in
the half-molten portion by each me-

Table A-2 Analytical results of carbon in the
metal samples prepared from the
drop materials.

thod.
Method
Sample Electrolytic | HCI- Si non slag-form
extracticn | extraction (Si total-Sicao-
combined)
% % %
G-2 <0.01 0.57 0.30(1.99-1.69)
G-8 <0.01 0.34 0.14(0.33-0.19)
G-25 <0.01 0.86 0.39(1.30-0.91)
6r— T T
Solid line : slag-metal reaction
Dotted line : gas-mefal reaction
3 | | 1 500°C
< 4 ‘ | 600
g
@ / ——0 1600
s
2
g
= » 1400
o’/";e I 500
\ { 600
4 6

Holding time (hr)

Fig. A-1. Experimental results of alloying silicon
increase in drop metal after blow-
down.
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DE, 2ODHFHETHW LickER% Table A-2 TR L
7.
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(Si0,) (T 4) +2[C1—[Si]1+2CO T

2) HA-2HZNVEIG

SiOy(a— 4 2fh) +C(a— & AH)—
Si0Ot +CO 1

Drop Sample preparation
ial
matenia Magnetic separation| Slicing method*
A 1.32 % 4.50 %
B 2.92, 4.09 4.48, 4.54

* 5%5%0.1~0.2mm of a slice sample

SiO+[C1—-[8i1+CO 1
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