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On Properties and Wear Mechanism of Carbon Bricks for Blast Furnace

Hiroshi OHBA, Keisuke HIRAGUSHI and Mitsupa TANTYAMA

Synopsis:

Application of carbon blocks to blast furnace bottom initiated in 1951 at Yawata. Since then, trou-
bles of bottom linings have decreased prominently and total iron production of a furnace has increased.
At Yawata, six carbon bottom furnaces have been blown out up to today and properties of used
carbon blocks have been investigated. As the results, it is found that carbon blocks absorb considerably
large amounts of foreign components, especially molten iron before wear proceeds, resulting in disinteg-

ration of brick texture, strength lowering, pore enlargement, crack formation and shrinkage.
property changes were considered to accelerate wearing rate of carbon blocks.

These
From the investigation

of used carbon blocks, the wear mechanism of carbon blocks is discussed in relation with carburization,

oxidization, floatation and so on.

To reduce the degree of property alteration, the authors have studied

on improvement of carbon block quality and found anthracite superior to metallurgical coke in high

temperature stability and alkali attack resistance.

and trouble-free operation is established since 1966.
(Received Mar. 29, 1968)
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At Yawata, anthracite base carbon blocks are adopted
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Table 1. Quality of carbon blocks used at Yawata up to date®.
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Date B&g Al |fl< |8 |E |8 |& |22 ]¢& | @
1951. 3 K3(3)|168|1:8|1-97|11-0| 38| 148 457 194 | 162 12-28 | 4-93 | 81-17} 0-36
1951. 12 H6(5) | 159190 | — 16-2 — | — 335 — | - — — — | —
1952. 12 K4(3)|164]1:91}1-98|155| 31| 18-0 — — | 1-39|17-69 | 6:25 | 75-66] —
1955. 6 K1(4)|1-64|1:97]|2-00|17-0 1:0 ] 18-0 | 445 99 | 0-23 | 8:25 | 319 | 88-33| 0-49
1955. 12 K3(4)|1:64|1-9712-01 | 14°9| 2:0|16°9| 456 |-197(0-07 | 5-61 | 2-16 | 92-16| 0-28
1856. 3 H4(7) 160|191 ]|1-95]| 16-4 1'6 | 180 | 434 140 | 0-10 | 6:37 | 3-25 | 90-28| 0-42
1956. 6 H5(6)|1:60]|1-93|1-97 | 176 P-7119-3 | 572 | 105 0-24 {537 | 4:14 | 90-25! 0-35
1956. 10 K2(5)|162|1'94|1-94|16°2 20| 18-2 545 1051 0°26 | 3-13 | 442 | 92-19 0-20
1959. 9 | T 1(1)|160|1-92|1-93|16°6| 06| 17-2| 377 83 | 072|625 216 | 91-03| 0-27
1962. 3 T3(1) [1-59] 193|196 | 185 21| 207 | 447 114 1 0-14 | 5°78 | 109 | 92:99 0-14
1962. 8° H1(l){1:59|1-93)1-95|156| 08| 165 | 394 86| 0035111139373 0-17
1965. 4 K2(6) 160 1-91 {1-97 | 16°2| 2-3 (185 | 390 | 127 {004 {6-97 | 0-80 | 92-19 004
1965. 6 S1(1)|1-57]|1:91]1:95{17:9 171196 | 392 91 1007|439 |0-72 | 94-82 0-11
1965. 12 K3(5)(1-62]19 |195/159]| 10169 545| 128|012 | 524 | 1-05| 9359 0-32
1966. 11 T1(2) |[1:57| — 1-93 | — — | 188 | 560 168 | 0°15 1-82 1 0-85 | 97-07) —
* K : Kukioka, H : Higashida, T :Tobata, S :Sakai, ( ) : Campaign
Table 2. Physical proper:;ies of anthracite base blocks made in overseas.
Brand U.S.A. T Britain Germany Russia
U.C.C. [U.C.C. [ G.L. |Carblox |Carblox |Carblox H.Foster|H.Foster|H.FosterlSiemens |Siemens | Didier
(D) [(NMA) | (KFF) | (Std.) (K) (A) (Std.) (A) (AB) [(BI8N) [(B18S) |(Carbural)
Bulk density 1°50 | 169 | 154 | 146 | 153 | 164 [ 140 | 148 | 159 | 1-51 | 159 | 1-53 | _ 133
App. density — 1'94 | — 1'90 | 195|189 |1'96 | 1:82|1-91 |18 |18 | 1-83 —
App. porosity* (%)((18:0)| 12-8 [(21:7)| 232 | 21'5 | 126 | 284 | 18-4 | 16-7 | 188 | 143 165 15~18
Compr. strength 250
( kg/;:lm2) 205 | 462 140 | 626 | 388 | 1323 | 581 2191 143 | 306 | 580 343 ~300
Bend. strengt
(kg/emzy | 105 138 86| — | — | — | — | — | — | — | — — —
* () True porosity
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Table 3. Physical properties of used carbon blocks.

Area Bottom center Bottom wall l Lower hearth | Upper hearth

Blast furnace K.No 4 (3rd) H.No 6 (5th) i K.No 4 (3rd) K.No 3 (4th)

Specimen* 1 C O 1 C O ’ 1 C O | I C ’ O
Bulk density — | 192 | — | 174|165 ‘ 1-54 | 1-92 1186 | 1-94 v 1-83 | 1-66 | 1-91
App. density — 1219 207 | 20912161 210 1 2:09,2-12 193|195 191
True density — — — — — ‘ — I — — — [2:041]2:02] 193
App. porosity (%) — 124! — |16-1121-01/28-8) 85111-0y 84 4:9|150: 77
‘Closed porosity (%) — — — — — | — i — | — — 5:7| 2:81 10
True porosity (%) -— — — — — — =i = — 106 + 17-8 © 87
‘Water absorption (%) — 65 — 92 |12-8| 187 l 4-4 l 5-9 4-3 2:7 l 9-0 | 4-3
Comp. strength ( kg/cm?) 425 | 408 | 304 | 211 285 178 | 1043 ; 927 { 903 795, 384 528
Bend. strength (kg/cm?) 159 831 210 — — — l 271 | 273 | 232 — — l —

* 1 :Inner wall, C : Center wall, O : Outer wall

Microstructure of carbon block used more

Photo. 1.
than 10 years in blast furnace bottom —
reflected light. (A : Anthracite)

{Photo. 1).
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Table 4. Chemical analyses of used carbon blocks.

T

Area Bottom center Bottom wall ’ Lower hearth Upper hearth

Blast furnace K. No 4 (3rd) N. No 6 (5th) ] K. No 4 (3rd) , K. No 3 (4th)
Specimen 1 C O I C I O I C O 1 C O
V.M. 0:00 | 2-68 | 3-72 | 430 | 5°78 | 3-70 | 5-81 1 232 [ 2-95 | 1-01 | 1-00 | 5-29
Hoch. pnalyses|  Ash 7841 [15-51 [15-14 (19-97 18-53 [15-60 [37-42 [16-89 [10-61 [11-21 | 693 | 6-09
© F.C. 19-92 (81-32 {79-97 17507 |75°09 (80°24 |56-18 {79-96 |85-84 |87-78 [92'07 [88:62
Si0, 24-66 |13-45 (22-76 (14-40 {16°68 |18:84 | — |[27-68 |21-14 |23-88 [41'68 |43°92
Al Oy 3:19|8-31 34-63 | 508 | 6°83 | 732 | — [12-95 {14-76 (11-53 [21-27 [19°85
Ash Fe, O3 69-31 |67-64 (36-03 [75-27 (68°93 |66:29 | — [59-28 |51-17 | 8-78 |[11-18 |12'38
components MnO 0-76 | 0-40 | 186 | 0-73 [ 1°51 | 121 — tr 2-1810°47 1 0:24 | 0°19
(1:;/) CaO 3-53 1009|244 | 1-51 | 2:77 | 252 | — |3-44|2-52|3-92|4'90|5°'18
@ MgO 1-19 | 2-16 | 0°84 | 0-29 | 042 | 0-48 | — 1°22 11:23 1 0°72 | 126 | 1'44
TiO, 6-10|1-68 (069 | 065|054 (08| — |0-70|0-51 | 0°841|1:45| 147
Na,O 0-06 {0-46| 093 |0:08|0-13|0:04| — — — | 230|154 | 2:30
KO 0251053097 |0460:72;0-29| — | 160|228 |45-75 {13-70 |11:00

Table 5. X-ray diffraction of used cabon blocks.
Area Bottom center Bottom wall Lower hearth Upper hearth

Blast furnace K. No 4 (3rd) H. No 6 (5th) K. No 4 (3rd) K. No. 3 (4th)
Specimen I C O I C O 1 C O I c O
Graphitization (%) 95 95 95| 44 38 4 85| 82 - 74 74 74
Graphite crystallite (A) 210 150 140 | 63 62 73 115 80 — 131 96 86
Magnetite * + — +4+ | ++ + + ++ — ++ - + -
Kalsilite * — - - - - - - — — + 4+ + -

* Peak intensity : + 4+ 4+ Strong, + 4+ Medium, + Weak, —None

Photo. 2. Microstructure of carbon block disintegrat-

ed by iron penetration—reflected light.

(C : Carbon, Fe : Iron, X : Pore)

TWBE 35 R X7z (Photo. 2).
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Fig. 2. Phase diagram of system Fe-C®.
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Fig. 3. Presumed temperature distribution of
carbon bottom.
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Photo. 3. Microstructure of carbon block oxidized
by water 1000°C —reflected
light.

(A : Anthracite, G : Graphite, X : Pore)
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On Graphite Parts in Viscometers at Elevated Temperature

Synopsis:

Makoto KATO and Susumu MiNowa

Some times, graphite are used for the rotor of viscometers and for the crusible, in which slag is

melted, for the viscosity measurement.

The slip between graphite rotor and molten slag was neglegibly small in this work with the cir-
cumferential velocity of the rotor of about 0-1-2cm/sec. However, the slip may not be neglegible,
when the rotor velocity increased in highly viscous flow.

The viscosity was decreased by addition of graphite powder and the activation energy for viscous

flow was increased at higher temperature range.

Therefore, it should be avoided to use graphite for the detecting parts of viscometers or for the
crucible when graphite reacts chemically with molten slag or may be dispersed in slag as suspended

particles.

(Received July 14, 1967)
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