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Mineral and Chemical Changes in Silica Brick
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ABSTRACT

Silica bricks had been lined in arc—[{urmace roofs of various sizes and steelmaking practices.

The resulling

materials were examined with reference to mineral and chemical changes.

Silica bricks develope definite zones while in service. These zones represent a concentration gracient Cirough

the brick that results from ihe thermal gradient across the brick and from the [urnace atmosphere.

Thers

are major brick losses by spalling as well as by melting of the hoi-face surface in an iron-oxide rich liguid.

1. M 2

Paul Héraut o] $]9) ob-m27} mabd ol o] &
o] &5 g8 AHe dE FoEm gk o2zl
J3gE dEse =4, 2, 348 34EeR dE
E g 9x4 el-zze 314 dEAE 4E
8T e Ftdes e B EARE A
8] A Si0.98) £554, I, AAFe=
A e A= 2450mm-3350mm 7 =8| v ZF
Eollle AEd ez AgEm Qi
Ad AT gl aFe R
Ca0—MgO—FeO— FegOy—MnO—CraQy—Si0z Al el 4
Qelibe 44 2 UEE Sl 55, A AR
o] mgubgelnh FEae] AE, Me(F4) s v HE
o) A2, £i0p9 ¥S-e Si0;+Me=Si+20e0 thb,
7] Fo A9 8i0s8] F e Si0xe=8i0q -+
172 Opry @300 5 2 dol) 24 80 D] SR g
o] Akl FA8 Foigees

Duke ¢} Lakin®@-2. o]-7.2 d%] TAHNEY FF

o T
ol Wfﬂﬁ_ﬁ,

e

oz

oAl whige) B eute| Ex A meha gl
el vl2A e G o

2 AAAE AA3

Konopicky (1965) &=
AAEa A &7 “'4’ 105 Eejrlwho| 2| Z4]

-
5
o,
™
=
ol
™
=3
p

Eake] 7
& skt

olghide] ol-2z A FHAHSN FEITLE =
9 zA, A4, F=2, 9g T4 2U2AF L
AA4E 3 Eh:}

wpeha] L ¢lFe] A= Si0p FEE 9459l FUAE T
AR5e ARtz 9r HEFZE BE o2
2 2(A,B) B 30E sz 1708 AReny
B il Adel 2 ek 48958 A :
Stz o] Eelwd] FEF B A A 2 ESH

=

Table 1o,

A 49E Fig

{ 247 )



Table I Properties of unused silica brick

Refractoriness (SK)

Apparenl potrosity (%)
Apparent solid density (g/mf)
Comypressive strength (kz/ecm)

Refractoriness under load (Pks/om? T:°C) 1600

Thermal expansion at 1000°C (%)

32 |
21.0
2,34

325

1.20

Chemical composition (%)
510,
FEgOg
Algo;g
Caly
e

94,09
1. 80
0. 86
325

0. 10 Tig. 1. Pclishing section of unused silica brick.

Mineral Composition

{delermined by X-ray

diffraction)

Hish quartz with
tridvmite
and cristobalite

some

(magnification, 50}

Table 2 Meliing Process of SUS steel grade in, the eleciric are—[umace

Time

Composition of

(min) Temperature | o0 steet (% Working content
Furance(repair) —CaC, 330kg
Scrap feeding (D | 10 —Serap 705
—Initial of tapping
—Scrap 301, Fe-Cr(H) 840kg
Tlelting 90 —Melt down
—Steel sample(T)
COxidation peried | 35 | Above 1600°C| Inital:0. 35/0. 45C,l1—1701'ming of sisg(l) CaQ 140ks Cals 28kg
g 67 73{3*5‘8:{ NI 0, blowiog (15ke/cm?)
B, 9Wi, 18.5Cr —Coolant sus 304 2100kg
Cr reduction 30 —Steel saruple(ID)
period —Cal) 25%g, CaFy 23kg, Fe-5i 280kg
—CaQ 140%kg, Feo 5iF 112kg
Slag off 8 —120% (95)

—I-Tdn 112kg

Reduction period | 60 1550°C Intral: 0.06C, |—Siecl sampic(H)
1.3Mn, 9Ni, |—Addilion of Ca(
18Cr —Fe SiP 84kg
Final: 0.07C, |—Sicel sample(lf)
13Mmn, INI, —Final control of composition
19Cr —>Steel sample (V)
—Measurement of temperature
Pouring 5 —Addirion of Al 4.5kg in ladle

H$8US is short for STAINLESS
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Table 3 Service condition of Bilica roof brick

Heel gradle Carbon, low alloy, sus sieels

Riclling time About 4 hrs.

Slag comnposition(®) Si0n Cal Mg Cals AlDs Mn0 Cr:O; Fe,0p  Fe
nlelt down 16,21 41,79 7.34 ir. 25.34
inina! reduoction 15.66 5345 20.7% i 1.85
fina! redustion 19.43  37.62 33904 fr. 282

Furme composition (457 4.78 6.32 1165 4. 97 3.53 0.93 53.76
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Fig.3, Section of a silica brick after 38 cosls im
an are-furnace ronf. Note the additional:
hair eracks which iron oxide has penetraied,
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Tig. 2. Silica brick cracked by spalling after 98
casts in an arc-{urnace roof. The major
spall crack paralled to hot face has opened
up sufliciently lo permit metal aud slag to
enter.
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Fig. 4. Alterc;f end of a silica ‘-t);:ic;,k-aftcr use in Fig.6. Location of thermocuples used for temp-

15 ton arc-furnace roof erature gradient measurement, Pt-Pt-10 % Rh

theromocouple.
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Table 4 Description of zones in used silica brick

MNe. |Fumace|Casts Zones Tt(l;rcl];sess Macroscopic description
1 A 10 | A (Hot face) 8 Black, slagay, open siructure
B 3] Reddish brown, compact, britlle
C 72 Light ockre, granular, somewhat [riable
D 219 Buff, structure and appearance same as unuscd brick
2 A 33 | A(Hot face) 4 Black, veiy comgpact, briitle
B 12 Reddish brown, compact
C 15 Dark vellow, somewhat granular, firmly bonded, dense
D 15 Yellowish ochre, granular, firmly bonded, dersc
E 16 Light ochre, firmly bonded, dense
T 20 Light black, granular, friable
G 30 Buff, apparently unallered
3 B 38 | A{Hot face) 45 Black, slagey, very compact, brittle, with while ag gr\,gaie
B 3 Reddish brown, compacl, brittle
C 44 Light ochre, firmly bonded, dense
D 18 Oliver green, frmly bonded, dense
E 15 Dark reddish brown, coarse grains, somewhat friable
F(Cold face) 73 Buff, structurs like unnsed brick
4 C 95 | A(Hot face) 15 Black, veiy compact, brittle
B 14 Reddish brown, compact
C 23 Yellowish. ochre, granular, dense
| D 17 Light brown, coarsely granular, rather friable
[ E{Cold face) 90 Bufl, siructurze like unussd brick
5 C 9% | A(Hot face) 35 Black and slaggy with a few aggregate (3-Smm), major
spall belween zones A and B
B 10 Dark brown, compact, coarse white agsregale
C 25 Yellowish brown, somewhat granular, irmly bended, dense
D 5 Same &s zone C
E(Cold [lace) 100 Bufl, coarsely granular, frizble (may be crushed between.
fingers)

458 Eg 7 28 F3dn E ]9 CaF Flzd £ 93 dA v, B3] FeO—Fe0:—8i0:.
Ca0, AlQs, MnO, Cr0y 3t ZlFwe] Hw o] Aol A Cra03 8] H7lie A os F4548 A5k

Zad AfEolgor] ALz ~adjao) Aele] A 4 FALEE AA A B4E FAAAD
01 p He o5 SRS AEF 2R Z5h 5 -z A A% P xed =%
3 Aleg 9= No.52l AsE Aa2Ed 0.17% Al a4 23 J%‘JO A2 Hrh s /LA £
O 7.30% Foi0s 4.10% CaFs 3.21% Cr03 2 5|18 ¢ W&, Ady wduos Sd2 430 7 =
M5 0,86% AlOs 1.80% FeOgel walA A3E = 534z HEY sxle Foadeh o/=qls o
8 Z747 WA s ;r,a WEa o] 5 FArhz]e]Al 4 28] AlELE, MO, AlQs  Cr0s $rlol]zh Cal,
HEse WIA4NEE PP ALO;E A fH® Caky, MgO 5% H58 Fule Trdvh =3 A7
A5, Ca0, Mg, MnO, Cra0s & P23 4] Si0, LA FE58 Fe, Cr, MnEal E79-2 9
o REgd gy & dbEe] M EY VEEE A £ 48 E A4 ® obE @ g4z AEEY, b

AEA A4 3 (1981) (251 )



2AE A

Mineral analysis
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Table 5 Chemical analyses of zones in used silica brick

¢ 3% % ST a3t

Chemical analyses
No. [Furnace | Casts |Zones
810, Al:g; Ca FeO FexOs MnO  CrzOg CaFy MzO
1 A 10 A 25.04 .20 2,13 0.74 3.65 0.18 412 0.36
B 91.43 .24 341 .21 1,62 tr 216 017
C 93,12 .17 235 2.1 1.6l ir L.24 014
D o438 0. 63 1.26 ¢.0% 1.61 tr 1.23 011
2 A 33 Al s 2.88 0,92 522 9,84  0.33 .35 4.2 .04
B 50.44 2,93 1.3 1.21 772 0.13 0,00 5.49 1.03
C 88,28 527 213 0.8¢ 206 012 tr .20 0. 09
D-E 90,24  4.53 226 .78 1.92 — 1r 1.17 tr
F 01.56 204 .82  0.53 1.84 —  tr .15  1ir
G 93,38 1.32 1. 80 0-48 1.67 — — 1.13 ir
3 B 38 A 75. 80 2.8 ir 213 10.34 0,39 0.31 4.08 1.05
B 79. 60 2.90 (.90 0. 85 7.3 0,21 ir 6. 05 2,38
C 87.63° 6.40 1.88 0, 74 1.4 004 tr 1.53 ir
D 86. 54 7.49 210 (.50 1. 88 0.04 tr 1.47 tr
E-F 02.93 1.94 .98 0.43 1.91 0.04 tr 0.79 1t
4 C a5 A 81.74  0.88 Q.07 2,77 10.62 0.32  0.32 42
B 83. 46 1.42 .22 0.73 700 0.43 0.13 4,60 tr
C 83.72 0.32 1.25 0.29 2.02 3.41 tr 4.23 .10
D 91.43 0.50 1.66 0. 28 1.80 0.05 tr 400 0 012
E 93,17 0.48 1. 66 0.25 1.62 tr tr 4.08 0. 14
5 C 98 A l 85.20 1. 86 0. 40 2.42 5. 04 0.32 .32 1.88
B 56, 89 1.06 0. 42 Q.85 7.31 0.43 0. 13 2.83
C 81.46 1.02 1.12 €2 2.13 141 tr .21
D 94 04 1.15 1.62 0.2 1.09 0.05 tr 1.04
E 04, 09 1.20 1.63 a. 1.69 tr tr 1.11
Temperatiure(°a}
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Fig.7. Mineral composition of a silica brick after Fig.8. Chemical component through a 13 in, silica
98 casts in an arc-fumace roof. brick after 10 casts in an are-furnace roofl.
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Fig.5. Phoiomicrographs of a silica brick after 98 casts in an arc-lurnace roof. (magnification, X500

£z v wEtd §E58 54 HE No.l9 A= No23 A~C3, No.39 CDr

& =4 A4 HE
W og9s nlAAE gEA Bl &, No.498 By 3, No. 58] AvCEe] 247850
3-3 =4 chromile = ®E Nu 59 A,Bz2c] hedenbergite =
aad s EAE FEL giddoen FrARZ No.l9 AZ No2d A~C%, No.3.48 B CH,
5 ¢ gav, AEE e S0, Cny, No.58) A~D %4 {:zﬂﬁ}%ltl-_ wollastonite = = &-
MnO, ALO; Aszae zdadc FASEES 2 No 1,232 A~CE, No.52l A~DHol 483

RO 8100 AstE ez d R Cal, MO E th Fesy= W& No29 AB&,No.3,4,59 A&
Z 33t g o of A EtA e, ihodonile = ¥ E No.3¢ A~D&

Table 4 2] X-A15] 24 At & 5 950 & o) &€ 7h hercynite = ¥ & No. 1,4,58 A, B,
= A R4 -4, g-EfY A E, a-ZEsEFR) No.22 A~D & NO.38 A~CZo] &HA3F 4]
o|EAFE 54T o ik caleium iion silicate = fayalitc = W& No.2,3,4,59] A, B&e A543

(234 ) 299945



Apg e 2 5ol vhad frelae] A5
2] fayalite v} hedenbergile 2 ®o]= gfo who =z
el A48 Ed e ]h A gyl
m e melagude| 2R dWlF ez Az 3la

o} (Fig, 9a)’.
WEe LExTue I o9 Cal,
Ay 8 5 & “1_‘0}'-4 e o5 % 2%dE FEe A
TETh HEof A
] ,7\ ;g;;} 1:} 1115@]
3= 80,449 Aeld S8
. el ER SR elA
WHEE Z5E Ca0:8i10: 8] 7 Frtd olul=) oo =
- 48kE ] EA] d) CaO
2xol4 4E k& o2&

A CaO—FeD—8i0; A 4310 ¥ CaQ—FeOy—5i0:

fW o

. =3 Il

) ZAE 2 we

Az BE & ald $8E Asd gl slE
d3e CalbE Table 54 ¥ 5 % wholzte] &
Aap Ao} Bl g 2o o) S5k wEe] 93
2 A FE0-29 s

CaG & <43+ =
=

w9 o B8 S0, —Fey 45

R LT
=
b ‘;‘_D‘ O
I
P
et
I

v Ele] B e CEalA FaE oz staslc
7t D 2o A] »)ﬂ_] T, FeO—Fex03—S8i0; Al ol A]

. -w}n}-ﬁraﬂd aa]&;
Wleto) Esh ol Faste HYAAS AL 5
Cra05 =59 2400 7,

Pl 207l 2.5 FeO,
B ANE Froe S0 AGFE &
£ 59 dgdold e des JeEd(Fie 7). &
AsAE g E¢s zacale]Ex, BuD Zofals
B-A%9st asamnizel 25, ol Az 2o s
ECET R ENFEPRCRERE R ESE
erpzst Si0els] AR YAl
218 s AEE] ok, Holmguist = E gy

Az\sh p-H 94 27 mmreel 2

Tk

o] alg

who] 22 Y]

P

g FE9y E_% 1025-25°C ghz 3t ek 7h5m o]
Al Ze|azvlete] Ba] 25 -4 = Ed] v u)
E9] gxlele] #gled DfdAel I~ sulle] B2
2 AT FFhE 490l SFaRuEelEzRg A
Fol @ Folth, Fd 1 EEAY BB F
b 2z rt WCC el st ol Aw]  =al sk

Hel e el d SEiae Qi
EEE e

54 ¥4 W

7 A 2

#1834 A 4 5(1931)

=E901 WP G Fo TR 2E5ES
SHel4 ARG =G FoTE TRl WA
gdo] ARG om o) TEe FI 4T T
B pEdd 22 vigse) 9as Y=
o 4Ede] FRe] ARG No.1dsd C23
D3 Aole §50] olAL Bees iEet oA
£ o) AR4A8 Fdel Fdoz DEad G
AL Fare AN ATt At | gL
29z W Fe FAYEY o2z A7 A3A 93
AEed 4L w9 4R T adlow Fywyn

A oAz A el n] o]l 50,
AA9 AFE SRANE AAARA FERT HT
v Si0p gl Y AbEe Qe gAe) &S o
of HEH F2E oA wER A fﬂ"é A&
T e $8 At 79 449 2
HE No.58 2 Zold 7 7] ¥ X5 NT%E] A3}
Fig. 10¢] vjepl §le}, BE2] »#o] M4.7%2 3
Aagkz DZo] 47. 1% 5 »ﬂﬁ-ﬁ?i{ﬂ-. ]y
Bl 4052 Adzhae = ¢ A D,C32Y
A2 vhenge)

1qlo] =+,

r-[}~ flo n2 [LIH[

50 - 50

® 40 o—ta] \{}O" Aqm RO S P r:%

230 o / Nul,{ density 30 “5

5 - £

£ 20 -y 20 g

o ~
{a

A £ C D £
Zoies

Fig. 10, Porosity and density of a silica brick after
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