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Development of a Stave Cooler with High Stability of Blast Furnace’s
Working Profile and without Brick Laying Work

Fumio ITo, Akitsugu HANAFUSA, Yoshio TAKEI,
Takuzi MITSUYASU and Yasuyoshi Mi1zuNo

Synopsis :

A total of 25 stave-cooled blast furnaces has been put into operation at Nippon Steel Corp. since 1969.
NSC has been making to improve the campaign life of each stave-cooled BF to a extent. This paper refers
to a new type stave cooler which can eliminate brick laying work. Aimed at reducing both the capital cost
and the changing ratio of working profiel in the course of the wear of brick work through a campaign life,
this stave was developed. As a result of the finite element method analysis of stave cooler’s temperature
distribution and thermal stress, it was drawn an inference that 600 mm including 200 mm cast-in brick layer
replacing the function of conventional brick wall of 600 mm in thickness would be equivalent in the life of
BF’s campaign, and that under the high heat flux tapered rib would be useful for supporting cast-in brick.

This stave was put into practical use in the belly and shaft part of Kamaishi No. 1BF and Tobata No.
1BF, and is functioning satisfactorily.

Key words : ironmaking ; cooling; refractory; stave cast iron; brick; constraction; profile blast furance.
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Table 1. Performance data of stave-cooled blast furnace of NSC (Sept. '91).

Generation BF Inner volume m® Campaign life years %1 OOOCtumulatlve productlont m
Nagoya No. 3(1st) 2924 5.4('69“-‘74; 13481 4611
Muroran No. 4(2nd) 1921 5.7('69~"75 8088 4210
Hirohata No. 4(1st) 2548 6.1("70~'76) 10 684 4193
1st Nagoya No. 1(2nd) 2518 6.5(’70~"77) 10 169 4039
Kukioka No. 4(5th) 1540 6.8('71~'78) 8171 5 306
Qita No. 1(1st) 4158 6.9('72~'79) 20 545 4941
Tobata No. 4(1st) 3799 5.6('72~78) 16 258 4280
Sakai No. 2(2nd) 2797 9.4('72~'82) 15717 5619
Nagoya No. 2(2nd) 2520 6.4(’72~'79) 11113 4410
Muroran No. 1{5th) 1245 9.2('73~'82) 7 466 5997
Hirohata No. 3(3rd) 1691 8.5(°74~"82) 7700 4554
2nd | Kamaishi No. 2(9th) 1730 11.1('74~85) 10 050 5809
Nagoya No. 3(2nd) 3240 9.7('74~84) 22126 6829
Tobata No. 1(3rd) 4140 10.4('74~"85) 28 644 6919
Muroran No. 4(3rd) 2290 10.2(’75~85) 16 133 7045
Oita No. 2(1st) 5070 11.8(°76~"88) 39614 7813
Hirohata No. 4(2nd) 2950 14.7(77~ ) 26 989 9149
Tobata No. 4(2nd) 4250 10.5('78~'88) 30677 7218*
3rd Nagoya No. 1(3rd) 3890 12.5('79~ ) 34 993 8996
T Oita No. 1(2nd) 4158 12.2('79~ ) 36 841 8 860
Nagoya No. 3(3rd) 3424 6.8('84~ ) 16 478 4813
Muroran No. 2(1st) 2296 6.2('85~ ) 9881 4304
Kamaishi No. 1(7th) 1260 3.7('85~'89) 3104 2464%*
4th Tobata No. 1(4th) 4 407 5.8('85~ ) 15953 3620
Oita No. 2(2nd) 5245 2.8('88~ ) 10798 2059

Note : * The reason for blown out is market condition
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Fig. 1. Main improvement in stave cooling.
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Fig. 3. Lining wear in the lower part of shaft.
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Fig. 6. Temperature distribution in stave cooler.

Table 3. Calculation condition for FEM model.
Thermal conductivity W/{(mK) Specific heat J/(kg-K)
FCD 46~23 550~ 710%*
C/SiC 7~ 3* 1050~1260%*

FCD Young’s modulus 9.8~17.7X10% N/mm®*
FCD Poisson’s ratio 0.3
Total heat transfer coefficient

between cooling water and FCD 240 W/(m?-K)

Note: * Depends on temperature
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Table 4. Calculation condition for FEM model.

Thermal conductivity Specific heat
(mK)

J/(kgK)
FCD 46~23* 550~ 710*
Brick C/SiC 7~ 3: 1050~1260%*
Fireclay 1~ 2 840~1040*
Hi alumina 1~ 2% 840~1 250*

Total heat transfer coefficient
between cooling water and FCD 210 W{(mz'K)
between FCD and atmosphere 2 W/(m*-K)
between stave and inner gas 230 W/{(m?-K)

Note: * Depends on temperature
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Fig. 12. Estimated wear of stave cooler.
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