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Development of Cast Copper Cooling Staves and Its Application to Commercial Blast Furnace

Ryota MURAL, Tatsuro ARIYAMA, Kouichi KIMURA, Makoto GOCHO,
Atsushi SAKAL, Masaaki SAKURAL, Masahiro MATSUURA and Akira MAKI

Synopsis : Cast copper cooling staves have been newly developed to prolong blast furnace campaign life. Mathematical analysis by using the finite ele-

ment method was carried out to investigate the thermal and mechanical characteristics of both the conventional cast iron and cast copper

cooling staves. These calculation results showed that temperature of cast copper cooling staves was lower than that of cast iron cooling staves

due to the higher thermal conductivity and the temperature distribution of cast copper cooling staves became uniform. As a result, thermal

stress of cast copper cooling staves, caused by temperature difference, was much lower than that of the cast iron type.

According to approval examination of test staves at actual blast furnace, heat flux through the copper staves was estimated the same level

as the cast iron staves by the help of formation of slag accretion layer on the surface of the staves. It became clear that there was no difference

between rolled and cast copper staves in practical use although thermal conductivity of cast copper was slightly lower than that of rolled cop-

per. Therefore, it was favorable to use cast copper staves from the viewpoints of the easiness of manufacturing and economical reason.

In the case of high rate injection of pulverized coal, peripheral gas flow tends to be intensified at the lower part of blast furnace. It was con-

sidered that cast copper staves were particularly effective for long life campaign in such a high heat load condition.

Key words: ironmaking; blast furnace; campaign life; cast copper staves; slag accretion; pulverized coal injection.
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Fig. 1. Schematic drawing of lower part of blast furnace at
high rate injection of pulverized coal.

Table 1. Calculation conditions of 2-dimensional model
for lower part of blast furnace.

Case - 1 Case -2 Case-3
Productivity (t/d-m?3) 1.80 2.20 1.80
Fuel rate (kg/t) 500 550 500
PCl rate (kg/t) 100 100 200
[
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Fig. 2. Gas temperature and gas velocity at 1m height
from tuyere axis calculated by 2-dimensonal model.
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Table 2. Physical and mechanical properties of material
for cooling staves.

Cast Cast Rolled

iron copper | copper
A (W/m-K) 30-40 190-230 | 325-350
Melting point (°C) 1180 1080 1080
Density (kg/m?) 7200 8900 8900
Linear expansion (1/K) |1.1x10%|1.6x10%1.7x10%

(A : Thermal conductivity)
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Boundary conditions Calculation model

M Materials

- Stave : Cast Iron, Cast Copper

m Heat transfer coefficient
(Wim2-K)

- On shell outside 1444
- On stave hot face :97.6
- On cooling pipe inside  : 9630

m Boundary temperature(°C)

- Atmosphere 25
-Processgas : 1,500
- Cooling water : 30

Fig. 3. Calculation conditions of the FEM analysis.
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Fig. 4. Calculated temperature distribution by FEM analy-
sis.
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Fig. 5. Calculated stress distribution by FEM analysis.
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Fig. 6. Comparison of calculated results. (No accretion
layer.)
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Fukuyama - No.2 B.F. (3rd.)

M Operation  :Dec.83-Aug.94(10y.10m.)
B Inner volume :2828m3
B Production :20.2 million tons
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. 8. Location of CS at Keihin No. 1 blast furnace.
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Fig. 10. Comparison of heat flux of each CS measured in
Keihin No. 1 blast furnace.
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Fig. 9. Trends of CS body temperature.
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Fig. 11. One dimensional heat transfer model for estima-
tion of slag accretion layer thickness.
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Fig. 12. Estimated thickness of accretion layer.
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Fig. 13. Trends of CS body temperature in a short period.
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Fig. 15. Operational trends of Fukuyama No. 4 blast fur-
nace.
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