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ON THE WALL EROSION OF THE BLAST FURNACE

Kovetaka Kodama, Kazumi Miyatake, Naoto Nakamura and Masashi Kase

Synopsis: . .

Recently the life of a blast furnace has a tendency to be decided by the damage of wall
bricks at the shaft. Higashida No.5 blast furnace in Yawata Steel Works was one of these
examples, too. This furnace had been operated for about seven years, and during the
campaign the shaft-wall-brick had expanded and forced the charging assembly upwards about
! m. Consequently it was obliged to be blown out. In the dismantling work of the furnce
the state of erosion and the changes of physical and chemical proper'ties of bricks were in-
vestigated. And the structural changes of bricks were investigated with micro-photo-
graphs. The result of this investigation showed to a certatin extent the mechanism of
brick degfadation by alkalis, CO, Zn, Pb etc. in furnace gas penetrating through its pores,
and the following counter-measures were devised.

1. Use of bricks of compact structure.

2. Shell-type construction with many cooling platés.
3. Limiting the use of raw material containing large amount of alkalis, Zn, Pb etc.
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Table 1. Zine, K.O and Na;O contents in ore used
Ore used (,t) Ore used (%) Zn 9 K,0 Na,0
Hongkong 100, 265 6°0 0°086 5 0-19 0°14
Dungun § 231,116 - 13-0 0-002 001 0-00
Samar 114,247 6°9 0-020 : 0-01 0+01
Larap . 177,971 10-8 0°001 § 0-19 0-07
-Marinduque 11,856 07 0-006 : 0°03 0+02
Indian ~ v 19, 114 1-2 0-007 ? 0°03 016
Goa 1 65, 509 39 0003 j 0°03 0+03
Orissa 11,648 07 ‘ 0°005 ' — —
Utah ‘ 56, 675 344 | 0°503 0-44 0-05
Nevada ! 44,553 27 * 0004 : — _
Heizer 12,769 08 0006 : — —_—
Palisaide ! 8,753 05 0°027° : — —
Vancouver : 111,615 67 0°011 0°02 0°04
Texada ; 27,940 1+7 0+002 | 001 0°02
Other ores ! 200, 214 12°0 — — —
Sintered ore i 466, 367 I 28°1 0°33~0°95 ! 0°13~0-39 0*11~0°16
- Total 1,660,612 : 100 . .
)
Coke 933,835 0+001 0*12 0-11
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Table 2. Physical properties of fire bricks before and after blowing-in.
Samp- I p !Refrac- E }felﬁa Apparent gCrush_ing Softening temperature !
ling lacelpf itoriness dBul'l:. specific [POTOSIEY strength '
No. I sampling | (S K) ensity ‘speC1. (& (%) (kg/cm2) TI.(OC) T2(°C) . T3(°C)
! | gravity 4 ; :
’ , . . \ i . 1 -
B; | Shaft . | 340 | 2008 | 277 | 24°3 | 450 , 1455 | 1551 1641 .
Bs | Yy © 34+0 2°08 : 2°72 . 23*5 | 554 ! 1405 | 1505 1600 ;bf ore
B, Hearth 340 | 2'36 | 274 | 13°8 | 891 | 1438 | 1568 1640 | OowHIm
: )
{
— 1 |The upper part I . ! . i coc
1 1 of the sha{t' 32°5 2°11 2 70 216 . 454 1400 1495 ‘ 1595
2 téfgg;zdé§1t51de o | 227 | 209 16*6 | 511 1180 | 1385 | —
§ ; ;
3~ 1 |The middle part| 32°5 210 273 197 359 1400 1505 |, 1600
3 jof the shaft. 26°5 | 2483 314 96 988 1220 £1345 4 — -
4 |(from outside 200 2469 3:06 117 —_ — —_ . — after
5 |to inside) | i =
: } | i \ i blow-i
~ ] . -in
6~ 1 33°5 2 273 22°3 298 | 1380 1485 1600
2 | The lower 16* 217 | 2°73 205 — ! 1320 | 1470 = 1520
part of the
4 295 — — — — — — —
6 shaft. (from 260 __ . . . - . .
7 ﬂiﬁﬁgf to 26°0 | 225 | 2°67 15 — — — =
9 29°0 | 2°25 | 2°58 2+7 §91 | 1500 | 1600 ]
10~ 1 |The bosh (from| 260 — — 18+0: —_ 1240 -} 1280 . 1320
- .2 loutside to — -1 2°12 1 2+59 — — 1200 1250 © 1290
3 linside). { 13°5 — i — ) 100 1 1175 —
i . i
13~ 1 = 1655 | 243 | 2°63 | 7°5 920 . | 1220 | 1310 —
5 The hearth o T i .
from outside T - - . -
3 | (from 65 —_ L = = — 1260 S
1 t§ inside) ; o 234 i 2456 ! 8+5 _ _ — i —
: o . o . I
The bottom . ' I
14~ 3 l(froi'nt UIiper 27°0 — ' — i — 778 1460 l§65 —
evel to lower: . . . .
4 level) 27 0| 2 25 | 2 70_ 16*5 717 1360 1_520 l —_
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Table 3. Analysis of the brick and disintegrated. (%)

Samp- . ( i i
ling | Flaceof | qo | a1o, [Ca0 |Mg0| 'S | PbO | ZnO | T.C|T.Fe|Nao| K:0
No. sampling i
The upper part ‘; ] l ;
Il ~1 jof the shaft 48+84 | 44:62 | 2016 0'67 { tr. . tr. | tr.  tr.|275 040 084
2 |(from outside to] 34-24 | 37-60 | 2°29 , 1°45 | 0°284 | 3238 | 1°24 | 0-15 275 0°40 2-04
inside) | ! . i ' i
“ ‘ N
3~1 . .| 49°30 | 44-34 159|091 | 0-041; 0074 | 094 tr.|277!0°40] 024
2 g;hsﬁgngﬁggtpa’t 41+46 | 38°30 | 0°89 | 0*64 | 0°028 | 0°059 | 13°27 | 0°52 | 1°98 | 0°26 | 0+43
3 trom outside | 25770 | 22°20 | 0°70 | 0v58 | 0-030 | 1-100 | 3738 ; 047 | 1-58 | 0-26 | O-8a
4 10 ineide)y 0| 34'24| 30-20 | 0°89 | 0°58 | 0°550 | 7:350 | 561 @090 | 1°58 | 0°40 | 4-44
5 17°66 | 9796 2923 | 3'66 | 0°203 | 0°088 | tr. |0%67 | 3'586 0°40 | 1-44
i ]
6~ 1 | 45+50 | 40740 | 1°77 | 0°92 | ©+030 | tr. tr. ! tr.|4°42 | 026 | 0°60
2 'Thﬁ “?”ﬁf 42-00 | 34-84 | 1°78 | 1°06 | 0°030 | tr. | 12°39 tr. | 4+42 | 0+13 | 5-22
3 | part of the 17+50 | 1830 | 1+49 | 0°88 | 07026 | tr. | 3124 ' 5°35| 485 | 053 | 0-48
4 | Spa idel 15750 | 16710 | 129 | 088 | 0:023 | 0°294 | 31+36 | 535 | 4-20 | 0+13 | 0-48
5 | (rom outside. .50 | 20,40 | 1-29 [ 0°92 | 0°022 | tr. | 35'83 | 6°82 | 4-00 | 040 | 312
6 | to inside) 19-72 | 14+80 | 0°73 | 0°83 | 0473 | tr. | 5373 23°32 | 1+45 | 0+13 | 0-60
- 39°90 | 29:50 | 0°94 | 0°72 | 1-072 | 20-68 828 . 5°89 | 247 | 0°53 | 8-28 -
8 23740 | 36710 [ 1°35 | 0°98 | 0°234 | 0-147 | tr. 082|248 080 | 732
9 3440 | 36°54 | 1°14 | 0°65 | 0+137 | tr. tr. 245|268 | 160 |16756
. | R T B
10~ 1 | The bosh © 51°80 | 35°70 | 1+46 { 0°83 | 0°032 |, 0+059 | 1+44 ' 0°14 1 2°28 | 080 ~ 2-88
2 | (from outside ; 39+30 | 26°20 | 1°20 | 0°69 | 0°021 | 0°029 | 11°88 @ 4°00 | 1°45 | 1°20 | 8+16
3 | to inside) | 12796 | 5%€0 | 9+26 | 2°82 | 0639 | 07052 | tr. 31°36 | 994 1-74 8-28
13~ 1 | 42-55 | a3-22| 671|083 | 07041 | 0-221| 053 075 207 1°87 | 828
2 Eiggn?iifégde 7-45 | 4-82 | 800 | 290 | 0-021 | 0°074 | 676 [32°87 | 9-21 | 080 | 3-00
3 | to inside) 088 | 0766 | 0°73|0°96 | 0°079 | 0-626 | 54+74 11528 | 207 | 093 | 1+08
4 1224 | 4760 [16°22 | 3°14 | 0'989 | 0°074 | tr. 1572 29750 | 093 ' 0°96
The bottom i q b i | ) :
14~3 | (from upper | 46°90, 37°80 | 1°25!0°85| 07014 | 0037 | tr. ‘0359321026 . 312
4 | level to lower | 48724 427107 0'63 0775 0°036 | 0074 tr. ' tr.|2:69 | 0'80 3-36
level) | | ' ' : T ‘
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Z =Zincite
X =Void

Fig. 6. X 100 (4/5)
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