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Estimation and Verification of Melting Zone Profile in Blast Furnace

Isao KOBAYASHI, Masakata SHIMIZU, Shin-ichi INABA, and Kiichi NARITA

Synopsis :

In order to detect the melting zone profile in a blast furnace, a tracer method has been developed. In—
cluding tracers uniformly distributed in a given ore layer and analyzing the change of the concentration
in tapped metal, the melting process of tracer—containing layer can be estimated. And the profile of melt—
ing zone is obtained by transforming the melting ratio of tracer—containing layer to the melting radius at
every height in the furnace. The change of the tracer concentration in tapped pig iron is analyzed as—
suming that the molten metal in the furnace drops smoothly to the hearth and the dilution of the tracer
in the hearth acts on a system of first order lag. As the tracer, an Fe—P alloy was used. The melting tem—
perature was obtained as 1 350°C by the softening and melting test under load with elevated temperature.

The tracer method was applied to Kakogawa No. 1 blast furnace (3 090 m?3), whose operating condi—
tions were almost same as those of the shutting down, and the profile of melting zone was estimated. To
verify the estimated results, the furnace was quenched with water and the internal state was investigated.
The estimated profile of melting zone is in fairly good agreement with the inner profile of softening and
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melting zone observed after the dissection.
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Fig. 2. Schematic diagram of melting zone (a) and estimation of the
changes of tracer concentration in hot metal (b).

— 291 —



2356 %

L& 55 68 4 (1982) 5%

—F, FER~ AT B Ty vBE (C) 12
(3)XTEEHhDOT, SE B(7)RDOL>Ed HX
ha.

MOiKHWHJQM

=f:ViC‘l’dt+j:VidCdt eveeeeenenn (7))
Fe-P A&EMBOBRET X5 ) v OIFKR~ © £ 4 1
S (@) T (7T)ROELE2HTHDHD T, Sn(®) 1T
(8)YRTEHExbh 5.

S (£) = f :ViACdt

=5(f) —f:ch?dt ........................... (8)

L7ch2T, (6)RD S¢) (8)RefRATHZ LIT
ID, Sm@®) ZRDBEENTES. 2T, (6)Kd
OFRFERGEE O (W) 1 (5)REFHLT(9)
ADLOSEE L.

W(t) = W(0) +f:(Vi_Vo)dt e (9)

PR~ DOBEMAEE (Vi) EARME B (10) XD X

SIkRDLRS.

Vi=Cgr/(CRrve) =w-wrrrmremermmremsenensnnennes (10)
PR b OWHHEE (Vo) 1SR OLAER VS &
EMNEFE LAY, RRTEREEIIAHSET & OHigk
HEY (DKo X3 AU LTHVAZ LR L. Th
i)l No. 3 HiF oSEHEE A 2R LT Mgl g+ i
SBRIA R OB RICEET % 2 RATEL, %, 7L
DFGFELNT XD THB.

Vo=3W,(20—0)0/20% ---------
el

Cr: 2—27 A (kg/kg)

Wy :#dx , 7O%gkis (kg)
0 : WEBARE OFEBREE (h)
O : WHgkwfg (h)

Fe-P S&BMBOFARARORAEE Y j L35
&, ToOBKRFEN ) BoMECET AR (2)RTE
Sh, B COBMBTE AM; 11 (8)X0BEREH
WT(IB)KRTHETE 5.

gjz_]xl,c

AMi=8r () /Sm(=o)

=(f;‘ VmCﬂ)/(f:VidCdt) ceveeneeenen (13)

2T, B)AROoGBOES O ERITEGEb Y ik
hs Fe-P HE&BARDO VA BES ¥Co BEIYEA
TR X,

cemeeeeneen (1)

ceernniennnn (12)

0 * -0-0: 900 T
4
N v‘\\“o
- \
sa 20 \
\
~ M Fe-P
A allo
- o \— Y
S \
b Pellet
= — Composition of
2 60 Fe-P alloy
= ~
5 pl27.0g ™
=T : A
$i1]0.05 &

ol—1L 3 N
700 80 900 1000 1100 1200 1300 1400 1500
Temperature ( °C)

Fig. 3. Softening and melting behaviour of Fe-P
alloy examined under load with elevated temper-
ature.
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Fig. 4. Temperature distributions of gas measured by shaft gas sampler.
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Table 1. Operating conditions at Fe-p alloy

charging and at the shutting down of Kakogawa
No. 1 blast furnace.

Zlnput Co(t)/

Operation Fe-P alloy charging Shutting down
Blast volume (Nm3/min) 3746 3800 Assume W(0O)
Blast temperature (°C) 756 720
Blast moisture (g/Nm3) 33 30
Coke rate (kg/t) 582 580 Vi ~— Eq.(10)
Oil rate (kg/t) 0 0 Vo(t) =<— Eq.(11)
Pellet content (%) 70.5 70.5 W(t) =—Eq.(9)
Charging interval (min/ch) 15.8 16.0 s(t) ~—Eq.(6)
I I ) ! T |
§ 0.16/— e No.1 Tap hole Sm(t) =—Eq.(8)
- — © No.2 Tap hole -
2 0.14 _A{
g 012 NO Sm(t) keeps constant
| ] value at large t ?
f 0.10 W—W oo _| YES
o 008 | | [ )
s |7 | T ¥ aM; -—Eq.(13)
5 | Fe-P -10 °C of +1 g/Nm3 of
< | charging blast temp. | blast moist.
10 12 14 16 18 20 22 0 2 .
Time (h) Rm,j <=—Eq.(14)

Fig. 5. Change of phosphorus concentration in
tapped pig iron after charging Fe-P alloy.
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Fig. 6. Flow chart for estimating the profile of
melting zone.
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Fig. 7. Estimation of melting weight of phosphorus
as the tracer,
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Fig. 8. Estimated profile of melting zone.

Table 2. Estimating conditions of melting level
profile.

Coke base 21 400 kg/ch
Ore/coke ratio 2.84] —
Bulk density of ore 2292 kg/m?3
Bulk density of coke 486 kg/m3
Charging interval 15.8 min/ch
Average contraction of charging 10 %

material during the descent
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Fig. 9. Comparison of estimated profile of melting
zone with observed one after dissection of Kakogawa
No. 1 blast furnace.
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Fig. 10. Surface profile of charging materials
measured at the throat.
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