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The Development of the Direct Measurement Technology of the Cohesive Zone
and the Structure of the Root of the Cohesive Zone during the Operation of the Large Blast Furnace

Toshikatsu Astumvura, Novio Morisuira, Yoshihiro Inove, Muneyuki Hicuchl, Masaki Basa, Ken Kanamvor: and Skinjirou WAKURI

Synopsis :

A belly probe was newly developed at Oita No. 2 blast furnace. It has the function of observing directly the furnace

conditions and measuring the solid temperature by an image fiberscope, identifying and measuring layer structure by
a microwave during operation, gas temperature and gas composition measurement and taking burden material samples

during scheduled shutdown.

The conditions of the lower part of the furnace during operation were observed successfully. Some knowledge relating
to the cohesive zone and its surrounding neighborhood were obtained through our measurements.

The results are summarized as follows :

1) The burden materials were observed layer by layer and were found to occasionally be inclined. The maximum
inclination angle was estimated to be about 20 degrees.

2) The coke between the cohesive zone and the deadman was observed, as an image, to be floating. The gas volume
flowing in this region was estimated to be about at least one third of the bosh gas volume and the gas volume
distribution at the lower part of the furnace was estimated to be relatively large.
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Table 1. Specifications of Oita No.2 blast furnace.

Blown in OCT, 5, 1976

Inner volume 5070m?®

Furnace height 36.465m

Throat diameter 10.5m

Belly diameter 16.0m

Hearth diameter 14.8m

Tap holes 5

Tuyeres 40

Charging system 2 bells and valve seal
Movable armour NSC type

Fig. 1. Location of probes in Oita No.2 blast furnace.
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Table 2. Specifications of Belly probe.

21.4m below stockline
5.6m above the tuyere axis

Location

Inclinatory movement at angle of
25 degree
Maximum inserting is 6.5m inside
of furnace

Range of
measurement

(MOptical measurement;
state of inner furnace and
solid temperature
@Measurement of gas temperature
and gas composition
@ Burden sampling
@®Micro wave measurement

Faculty of
measurement

Drive Hydraulic

Maximum thrust is 30 tons
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Table 3. Specifications of optical measurement.

Probe Water-cooled pipe of 114mm in diameter

and 13.5m length

Optical fiber Composed of two types of fiber

Image fiber for observing inner state of
the blast furnace

Optical fiber for measuring the solid

temperature

Image fiber connects with camera so that
the image of inner state is televised

Observing method

Solid
temperature

Optical fiber connects with a radiation
pyrometer

Observing items

Observing inner state and measuring the
solid temperature

| Image fiber

llluminating fiber

Temperature measuring fiber

Fig. 2. Cross section of optical fiber.

Table 4. Specifications of micro wave measure-

ment.
Transmitter 1) Transmitter
and @® Transmittance +20dBm
Receiver ® Frequency 9,400MHz
2) Receiver
@ Frequency 9,400MHz
® Sensitivity —90dBm
® IF frequency 50MHz
@ Total dynamic range 60dBm
® Received sensitivity —40dBm
of Reflection wave
Wave guide 1) Size 22.9mm X 10.2mm X 1m
2) Material SUS 304 (Au coated)
3) Resisting pressure 7kg/cm?
Data logging 1) Wave memorizer
Apparatus @ Number of channel 4
@ Capacity 32KW
2) Micro computer
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Table. 5 Strength of transmitted micro wave
through coke layer and ore layer.

G_rain Strength of transmitted micro wave (dBm)
size
(mm) Mean value Variance
Coke 20~30 —59 4.5
Ore 5~20 —93 0
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Fig. 3. Example of transmission signal for coke layer
and sinter layer.

Transmission power=+23dBm
-20 |
e -30}
] coke layer
~ .40}
[+5]
(&)
=
& 50
=
e
2 60}
s
—
~70 +
80 F sinter layer
-90 1 1 1 L 1
0 10 20 30 40 50

Particle size (mm)

Fig. 4. Penetrating characteristic of micro wave for
coke and sintered ore.
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Fig. 5. Correspondence of the layer structure with

the thrust of insert with belly probe.
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Fig. 6. Cohered material sampled with belly probe.
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Fig. 7. Cohesive zone observed as “tunnel” with opti-
cal fiber scope.
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Fig. 8. Examples of different position of inner sur-
face of cohesive zone with belly probe.
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Fig. 9. Observation result of floating coke and slit
coke.
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Fig. 11. Schematic conception of layer structure at
lower part of furnace.
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Fig. 12. Estimation of layer structure at lower part
of furnace with micro wave measurement.
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Table 6. Calculated gas flow rate between cohesive
zone and deadman.

Tg (°)C) pg (kg/m?) Umf (m/s)
1,300 0.815 4.47
1,400 0.768 4.60
1,500 0.721 4,76
1,600 0.688 4.87
1,700 0.650 5.01
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