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Cooling Down and Hot Idling of Silica Brick Hot Stove
during Blast Furnace Relining
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Zensaku AYUHA and Takehiro Horio
Synopsis:

Hot stoves using silica brick should either be cooled or hot—idled when the blast furnace is blown—out

for relining or shut down for a long time.

Noticing the thermal stress of the brick in a steady or a non—

steady state of temperature distribution and based on experimental and actual-furnace-operation data,
the authors introduced the cooling rate suited for reducing the temperature difference between the inner
side and the outer side of the silica brick in order to decrease the circumferential stress in the case of cooling.
The authors also found the temperature range suited for reducing the radial stress and set the lower limit
temperature of the brick at 450°C in the case of hot idling. Both these measures were applied to the hot
stoves of the Kimitsu BF No. 3 achieving a large economic effect.
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X—X |o—e ’1\‘/ \x S . . iﬁgtitﬁe *1[  Items, unit Numbers and Values
0 0 > 1.4 Lo
0T s s 0z Openings Checker chamber | Combustion
Temperature (x10¢°C) Dome Ke*2 (%) 29.4 24.9
Young’s modulus: Measured with ultrasonic velocity method Maximum width (mm) 12 14
® Interval (av.) (m) 1.5 1.5

Tensile strength: Measured with diametral compression test
Mineralogical composition: Cristobalite 45%
Tridymite 40%, Quartz 0.39%

Fig. 3. Properties of silica brick. (Measured by
Nippon Steel Corp.)
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® Interval (av.) (m) 2.0

*1 Circled numbers show the numbers of Fig. 1.

*2 Kc; Provisional Name; Opening appearance rate
Ke=[(Total width of openings)/(Calculated shrinkage of
circumference) ] X 100%
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0.012 : Thermal expansion rate
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Fig. 4. Distribution patterns of temperature and thermal stress in silica brickworks.
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Table 3. Distribution patterns of temperature in
silica brick and calculation bases.

Items Case 1 Case 2 Case 3
Maximum temp. of heat-
ing surface (°C) 1050 850 650
Minimum temp. of
heating surface (°C) 850 650 450
Shell side temp. (°C) 800 600 400
Combustion time (h) 2.0
Blasting time (h) 2.5
Heating rate (°C/h) 100
Cooling rate ("C /h) —80
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Fig. 8. Temperature and thermal stress distribution at the point of maximum stress in radial direction.

Table 4. Calculation bases and calculated stress during hot idling.

1 2 3 4 5 6 7
Maximum temp. of heating 380 430 480 530 580 630 690
side (C)
Shell side temp. (°C) 300 350 400 450 500 550 600
. Thermal expansion coef-
Calculation bases ficient ( X 10-8/°C) 20 12 12 12 10 7 4
Tensile strength (kg/cm?) 52 60 65 70 73 76 78
Young’s modulus ( x10%kg/cm?) 1.70 1. 74 1.76 1.80 1.85 1. 90 1.95
Maximum tensile stress Temp. fluctuation of
(Radial direction) heating side (25°C/h) 6.3 39 3.9 4.0 3.4 2.5 L4
(kg/cm?) ” (50°C/h) 12. 8 7.9 7.9 8.1 6.9 5.1 2.8
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Fig. 9. Influence of temperature on the tensile
stress in silica brick.
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Fig. 10. Changes of control temperature of silica
brick and total input heat for No. 4 hot stove
during hot idling.
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