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ABSTRACT

In various physical and chemical cause of damage of refractories for steel making, the clarification of

the wear mechanism of brick is situated on important factor.

In the present paper, the wear mechanism of high alumina brick for the are-furnace roof were inves-
tigated by means of XRD, EPMA, SEM and microscopy.

The results obtained were summerized as follows :

{1) The altered layers which exist in high alumina brick used jar arc-furnace roof were verified by

mineral, chemical analysis and EPMA.

(2} The diffusion of materials combined with slag, dust and iron oxide from furnace atmosphere in high

basic process, from hot face to interior, was verifited.

(3] Activation energy for the synthesized slag permeated into the unused brick texture was 47— 51

Keal per mole.
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Table 1. Chemical Composition and Physical
Properties of High Alumina Brick.

FatA FEdA WikE 2497 fsted 374 Chemical composition (%)
247 g Zhebe] A o] AebA Lefud Si0, 17.10
£ Delta¥-, A574, FATF FHH 22 3 Ti0, 112
AN L4 A8 5o AL D, 78.15
Fe 0, 1.5
2,2 WEyge satxEy 9 Se8sy Cr.O, 0.07
2 el AHRE WEESY satay 5l & a0 0.56
214 542 Table 1o viehliglch  Fgzde Mg0 015
a—Al;Os—Q]' Q_}:?]l-_ﬂ mullite & -?—Kgﬂo-] g.lﬁ‘:}' MnG 0.14
2.3 HZEET ¥ K:0 1.28
Aae e Qb A%, adde|agel 7 | Refractoriness(SK) i
FEelyaw] A Qld) 272 VOD (vacuum oxygen Apparent porosity (%] 210
decarburization), =& w4z} WA HFEsle & ;v:;e; ahslor(pt’i/on’[)‘%)) ;;G
. : R i ensity (g/em -
—?179,, E‘i% -?‘]E}(:] :D (;ancuum i.eg:.ssmg) Z}O‘j‘]_% ke Cold crushing strength (kg/em*) 453
s glet, OE]E- j:ﬂ-;:} A Z-_L_tx khj A Axel Refractoriness under load (Zkg/am’, T:12) 1530
o elel whe AR Ee AHESAE Table 2] Thermal expansion at 1000C 0,93
A eoFatgi,
Table 2. Service Condition of High Alumina Roof Brick.
Steel grade Carbon, Jow alloy, SUS steels
Melting time About 3 hrs
5i0; [ Cal | MgO | ALO, | MnQ | Cry0y | FesQy | Fe CaF,
Melt down 15.21 | 42,79 3.36 - - - - 25,38 Tr
Carbon
— Initial reduction 17.66 | 52,35 | 20.79 - - - - 38| Tr
g | sted | Fina) reduction B45 13662 (3336 - | - | ~ | - | 48| Tr
£ [Low Melt down 17.67 | 3185 | 5.57 | 2.73 | 3.62 | 2L97 | 1493 | ~ | Tr
é alloy Initial reduction M.46 | 25,39 [ 9.50 | 12,05 | 281 [ 18.21 1 15.43 - Tr
5 steel Final reduction 28.01 ) 41.62 | 11.22 | 12.67 0.97 3o 2.25 - Tr
é" SUS | Melt down 24.62 | 40.05 | 18.60 | 6.47 | 5.47 | 279 L8O | -~ Tr
Initial reduction 24,32 | 17.68 [ 17.00 | 610 ] 5.4 20.14 | 19.35 -~ Tr
steel - - 4
Final reduction 21.25 | 36.50 | 13.78 | 17.25 | 4.8 2234 | 3.9 - Tr
5 Carbon steel 8700 7.5 | 6.38 ) 3.06 | 522 | 2316545 0.83 | Tr
2 g:“j Low alloy steel B.12 | 1214 | 6.56 | 3.60 | 4.87 | 3.07 | 59.32 | L4 | Tr
e SUS steel 8.52 | 12. 44 5.94 | 27| T.79 9.52 | 52.86 | (.32 Tr
(56} aihsia
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Fig. 1. Section through a 78 percent alumina

brick 150 heats in an electric furnace roof.

Note disruptive crack behind hot face.
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Fig. 2. SEM of a 78 percent alumina brick from
arc- furnace roof,

(A) * unused brick
(B), (C), (D), (E) - used brick

Distance from hot face (mm),

(B} :4 (C):14 (D) :18.4 (E):90

(0)
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Table 3. Chemical Analysis ¢t Zones in Used Alumina Brick.

Distance Chemical compaosition
No. | Furnace | Heats behind
hot face (mm} ALO, | 5i0, | Fe0y | Cri0y | CaO | MgD | MnO K0 Ti0;
-8 20,34 | 9.82 | 55,21 499 543 | 073 245 - 0.68
8- 16 54,31 | 13.38 | 26.22 0.43) 294 0.28] L12 - .86
1 A 150 16 - 39 75.38 1 16.34 | 432 0.05) L12| 0.18) 018 112 | 131
39 - #4 7712 ( 1710 | L# 0,07 0.64| 021 | 016 1434 132
64 ~ 104 78.42 | 16.55 | 1.6 D08 0.48 ( 0.59( 015 | 143 | L34
0-17 41.78 | 12.79 | 36,31 2.42] 4.53( 030 L0% - 0.83
2 A 162 17 - 27 73.88 | 15.48 | 6.57 0.15| 185 | Q.17 | 0.03 | .89 | 0.85
27 - 38 77.38 | 17.08 | 182 0.16) Q.46 | 0.21( 004 | LI15| L1212
0 - 15 43,64 | 11.49 | 38,15 0.67| 3.83! 0.49 | 0.80 - 0.77
3 B 130 15 - 36 74,03 | 16,45 | 5.57 016 1.45 | 0.18 | 017 0.76 | 102
36 -~ 55 77.41 | 17.45 | 1.65 0.05] 0.56  0.17| 006 | 112! 1.05
[ 0-u 40.03 | 12.37 | 35.36 .61 475 037 0.69 - 0.63
4 C 145 14 - 29 72.29 | 17.98 | 4.87 0.45( 165 | 0.19 | 0.16| 092 | 1.40
29 - 59 75.91 | 19.26 | 152 D14 031 G| 009§ L13 | L41
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Fig. 3. Chemical component of a 78 percent
alumina brick after 150 heats in arc-
furnace roof.
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Table 4. Constitution of Used Alumina Bricks by X-ray Diffractions.

Distance Phases observed by x-ray examinations
No. | Furnace | Heats ||20F | a- Spmel | CASZ| A3S2|C24 s |9 | cag | Other ph
(o) ALO, pine 2 3 2A6| F2 Ti0, 6 ther phases
F'A:rm
0-8 m FF: m Vi m - m m m Cr,0s:m
8-16 vVl | F'A: VI 1 m-] - - m m
1 A 150
16—-39 V1 MA: 3 S-m m - - 3 S-m
39-64 Vi MA: 3 S-m S-m - - S S5-m | K:0, ALO,
64-104 . VI MA: § S-m m - - 5 S-m | AS: §
FA: m-1 C2F:
0-17 ml Vi m m m m m
F'F: m-1 m, Cr:0ym
FA- S
2 A 162 17-27 Vi , Sem S-m S - Tr S
FF:m
27-38 W1 - S-m S-m S - S 3 AS: S
FA: m-]
0-15 1 1 m m-1 m m m-1 [ C2F: m-l
MA: m-1
3 B 130
15-36 Y1 MA: VS S-m m Tr - S-m | S-m | C2F: S
%-55 V1 - - S S-m - Vs VS K0,
F'A:m
0—14 1 m m m m Tr m CF:m
F'F: S5-m
4 C 145
14-29 Vi F‘A: S 1 m - Sm | Tr Te CF: S-m
29 -5% vl - Sm Sm - - - -
Note
F’: FeQ, F: FeO,
Trace (tr) up to 5 % medium {m) 40 - 860
Very small (vs) 5-10  medium large(m-1}  60—75
Small(s) 10-20 large(l) 75—90
Small medium (s-m) 20—40  very large (v]) over 90
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Fig. 4. Mineral composition of a 78 percent
alumina brick after 150 heats in an arc-
furnace roof.
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Fig. 7. EPMA of a 78 percent alumina brick from
No.1 A furnace 150
heats, times. Distance from hot face 1Z2mm.

arc-furnace roof.
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Fig. 8. Microstructure of working face of a 78
percent alumma brick from are-furnace
roof. No. 2 A furnace 162 heats. White
cubic, white crystals, spinel. Grey lath
CA6 with Fe;0; solid solution. Drak
grey matrix. anorthite -+ mullite (X200).
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