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Refractories for Hot Metal Pretreatment

Katsukiyo MARUKAWA, Isao YAMAZAKY, Syoji ANEZAKI,

Yoichi MURAKAMI, and Nobuyoshi HIrROKI

Synopsis :

Several rotary slag erosion tests were carried out as a part of study on refractories for desiliconization,

dephosphorization, and flux injection lance.

Al,03;-SiC-C bricks are the most suitable refractories for desiliconization, and low silica spinel-C bricks are

the most suitable for dephosphorization.
in performance.
injection lance.

By considering the cost, however, the former are better than the latter
High alumina castable refractories containing 70 to 90% A1,Oj are suitable for lining of flux
Since lance performance is influenced by deformation, and vertical and horizontal cracks in

addition to erosion, strengthening of the inner pipe and proper expansion clearance between the inner pipe and

castable refractory are necessary.
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Table 1. Eroding conditions of test bricks using .
e o R Table 2. Chemical composition of test bricks.
flux for desiliconization and slag after desiliconi- PO
zation. Testbricks | A Bl Cc{DlEIF|G)R]I]J]K|L
|
Apparatus Rotary furnace S A8, O, |57 (59 (66 — (65078 — | — 16378167160
Atomosphere Reducing 'EJ Mo |~ | —|—-Ilmw|-|—-|m|B[nn|~-]|~-]-
o
E ~
@ Heater Arc S®|si0, |39|—-|8]|~]—|8]~-]~—-|—-]8]8]12
-
2 Heat temperature 1650C s 3
© g sic -1 817 |67 | —)—]6]8]10
é Heating time 4 hours g
Q C —J1wl1w{14i13]f5 4120123715110} 10
Test-brick size 60><55X200mm
Torpedo car
Rotation speed 4 r.p.m. p—No_ - 1 2 3 4 5 6
. Flux for desiliconization and
Kinds slag after desiliconization
@2 Weight 1.2kgX 4 times
e -
el & Si0, Ca0 | ALO, | TFe 1.0 — ]
< B‘i§ -
~93u Fiux forr 8 9 4 52
Eaz desiliconization
Q2E- Stlag after .|
68 desilicanization 39 3 2 6 s o.sr r_ -1
E
2.0 =
r—«Q Agents 0.61 T
5 1.8 [ Slag after desiiiconization 1 % M
TI‘ 1.6F 71 Flux for desiconization T z
& 14 1 % 0.4+ A
< 1.2 - i
<
1.0 R [
§ 2 0.2} 44
£ 0 8r—
§ 0.6}
g 0.4} oLt i i L L L L s i L "
uJUZ»/ A B C D E F 6 H I 4 K L
' [-E E—al—a m Test bricks
Test  [Firectay{eagnesial Magnesia-Spinef|Spinel %EE{IE Alumina-Siliconcarbide-Carbon Fig. 2. Comparison of the wear rate among test
bricksl A~ 1 | A—2 | Ac3| A—a] A-5|A-6la—3lacsla s A to bricks in actual operation.
§Mg° - 75 72 63 21 2] - - - —
2¥a o 43 - 13 11 53 63 63 63 75 75
e C | — 23 12 23 23 23 13 13 6 6 3 a 28 § e Y >
O 0 e I R e et B T s wer WX IARIC X 5 BBRAE R, BA— v N THS.
. . i =214 ~9 SN Q] 10773, Fig.
Flg. 1. Results of erosion test. ﬁ@ﬁﬁi)‘ ~ B t ®ﬂ%°,‘\\f}bjpﬂ,'§ﬁ7§fﬂ f;..ﬁ ’ g

(3) Si0,-ALO; RoBAEIT, oL I ik
L, ELLIKAEL.

(4) ALO;-SIC-C H, SiC Hino [A-9] i,
AN [A-10] i L, REFAmM&ELRT. =
DM &L LT, COZDEMTRBLRIIEL HETrH,S1C
BHMTHZ LI XD

SiC+0,——8i0, +C
DIRIGT, NANKAECHE Y F ABEHEL, RRHS
WHIhicz &R EL R 59,

(5) REBHFOFET, BILET vy o AOEGH
HAC I 2RBEDTHNRRRE .

2-2 400t BHE(CHFIHBRER

EBEROKRELYEZECL, 27 7D0RBEE T OBR®
iz 5N Cks X8 SiC ML, ALO,-SiC-C
F, MgO-SiC-C % ¥ X0 ALOs-A v x1-C & (I
T ALO;-MgO-C ) ohAs&E 11 EEgsts &
LT, 400 t BREDOLFTHID 514 = v 7 L BR
MoMbFB 4% Table 2 wiid. IBBEH&EOMHSL
HE LT, BB XA X 5 IHEEAE ks X OBiBRA

2 e DOWOHERAY TA] OEMESR 1 & LSS
DA DB YT, ThX VRO EEHRET
=g

(1) ALO,-SiC-C % : FHEX P, T AK
—~ ) v 7 bz AL BIFTH O

(2) MgO-SiC-C % : ALO,-SiIC-C RO ANNC
HE L 2ERIROIBREN S D, B BoRER Kk
X\, FRAR—Y v IhLDLRS.

(3) AlLO:-MgO-C R :EF AX—-Y v 7 H@ED
bhtchd, ALOs-SiC-C R WA & BERZE O
ME T

BEoZ e v EEBERHCEL RO L EET
BULBENDB.

(1) MgO-SiC-C H O hAru, EEEEAS
(CaO/Si0,=1 Hiith) FTTOAF 751 vBRAMEL
TARETHS. CO—HELThAKHDMgO A5
repn Si0, DRIGKK X B {EBRILAYDOER X F
bha,

(2) BRAEMCHEIL, BSRRELTI RS 7914 v
ARADE LT, ALO;SIC-C ZHMBL T 5.
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3. BiYANERARY

YV = FKFBOEE, BHPORMITETHS Si, S,
Ti, V, N 7 L o RIGHEAKRICHE Lo L[
R, ZoOLHERNTESR AR LT hIEECE < I
ATz &mb, RERIVEHEAEBR . L CHRESR
TERONERTHS. v - KKRE D AMEIC R
T5d5—2>0BEELHBEMRE LT, WAkHobFmIm
BEemz <, mknrbo SiO, BFHORELH .
ThbLEREA IR T E - BSBERER O i kW
i3, £& LT SiO-ALO; RTH DA, = Dfitkics
Wik, A5 7~0 Si0, oBFHAE4ETL, A5 7 O
HEE (NayO/5i0,) DfETE X711, b ANER (P)/
[PY), BEMHECE ((S)/[S]) RET IR ALK,
BibkEER T D o Leiesd. Lichi o TULFRIM B
I OEBHFRMEROBSE» S, SO, gBEDTE
BRTVIRCTIHKCT 0B H S, & 2Tl ED

25 7hfER L. Table 3 1cREB&HT: HOEBARF
DI RT. AN B HEENC b5 AR5 T
BORAP R L.

3-1-2 FLRREERRER

Table 4 L@ THERAKES L OBIEEFRICBT 5
RARBHREYTRT. ThIlvkoz EMNERIRT.

(1) BEHFHEK T CRmAwCTEhE L
> SIC B LU CHMOZIENIT LA ERD BRI
Too TR OBILEREL B LDl X 5 b
DEEZ LIS,

(2) L»L SiC RIUCLHEMLILRANIZ, A
5 7ORENEHHTARL, REBOHBERFEORIE
KELVHENED RS,

(3) —FHRTEFHEZTTIE, SIiC kIO CHmD

Table 3. Eroding conditions of test bricks using
slag after dephosphorization,

. , Apparatus Rotary furnace The sam
FBAEERLT, v — XRRBE D AMB B K D5 - o
N - . . Atomosphere Reducing Oxidizing
BEER I X OSSO BB ROV TN 5, o | Hoater e Gxygen and
c propane
3-1 Y ARMADEHER 2 | Heat temperature 1550 ~ 1600C 1350C ~1400C
©°
3-1.1 FHpEE i é Heating time 3 hours The same
VRN — = 5 — T brick si
KR, BROMBEERRARBEEC L 17 oot briek oz OS2 The seme
R, J— Rotation speed 4 rpm The same
2, FEKOERCILZRREYAET 50D, o~ Siog tier
N i dephosphorization The same
e E LT o | Weight 1.2kgX 3 times The same
1 i LM EE C 7 — 5
( ) EE&?E% 7 7}% 3" Chemical. ) s‘o,[u,o, Ca0 [Na.0|P.0,(T Fe
(2) MEHFHEST : BFE+ 7 e vk e 21.4/43[15]65.4]8.4]0.8 The seme
DFHR% Lot ERRAFE LT Y — £ KB ABD
Table 4. Results of erosion test using slag after dephosphorization.
Test . Roseki- . High Alumina- |Magnesia- |Magnesia-
bricks Roseki Siliconcarbidd Fireclay Alumina i;':,:.::f,"b'de Carbon §§‘,’;2',,
Item B—1 B~—2 B—3 B—4 B—5 B—6 B—7
Atomoshpere Red.| Ox. {Red.| Ox. [Red.| Ox. |Red.| Ox. |Red.| Ox. |Red.| Ox. [Red.| Ox.
3| o ot 12.5] 2.7]14.3[13.7113.3] 23] 1.3[ 1.0] 18] 3.0[ 2.0 3.3[ 1.9] 3.1
Q
P
S ¢ {oarion amy [10.0]11.0[ 3.0 Tr. [15.0{17.0[19.015.0| Tr. | Te.| Te. | TR | T | Tr.
.=
0
Lég Crack |SomelA little[Some| No Some.AlittIe Many[A littll No | No | No | No | No | No
[
& | Judgment X X X A © o ©
Si0. 78 65 54 13 ~ - -
$%
g; AL2,05 17 16 43 84 64 - 12
58| mgo ~ - - - - 75 66
-]
O 42
§§| sic - 13 - - 15 _ -
5%
Cc - - - - 13 23 22
Red. | Reducing, Ox. : Oxidizing, Tr: Trace
© ! Excellent, Q: Very good, A :Good, X :Poor
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HENBEEZCH N, AlLOs-SIC-C %, MgO-C FKis X
O MgO-z % 4-C % (LI MgO-ALO;-CYy A2
ik, iREMR JOTHREEE BT EHLDTRIFTHS.

(4) SiC kX0 C ERMOBAMTIZ, B ALO;
FONADBHEMC S WTRIEFTH L, AT 70OR
Hr% <, REBOHMEREOBREYN DD, TtRFHR
OB L H2RE, BRECEZRIZZLAELER D b h ik
LA

(5) 25ABIVCHIEROBHILANOM AN
FEHEIZED, HMDAAT 7CRHEEEL BRS.

3-1.3 v—FKBLY ART I X BRARKE

v —ZKBED A AT 2 X Bk R O
TETOEEYT LD, XEEHFE IO 7 o Hf&
oBEEP T ok, HEML, BIEHFHEHSH YA AT 7
RREABEORO—WThbHEm ALO; £ (B-4)
X0 ALOs-SiC-C F (B-5) DORIAD, T bUOictl
3% AR O REFTH O MgO-ALO;-C R
RADEERL 7.

Fig. 3 wRTXEREIFTIC X 2 @BIRE R &b Sl
LT, Vv—FRAT 7L 5hANDEFEE#I I,

(1) %7 29 v (Na0-ALO,;-28i0,), 5 = fc &

DAERLSALE Y DAL

(2) FHOFHEZERA L -RILERE
X DRI
3-2 250t FHBMOBREOHBRER
BILMFHIT OB AR T 7BRABROEENR

FChHo, ¥heAs rihan Si0, HHO DT
Vs ALOG-SIC-C F#, MgO-ALO,;-C F&, % L0 MgO-
CRoEFH3BEOhANY, BEFA=v 7L LUTHEA
LTw355AhANEET 701, 250t R
DA 7T A VIR RELRT O, RESHSHO
FHHEER, &9 VYV —FKA VS 7 v a2 VR X
LEHTFHAE YT OT 5. Fig. 4 1 OB
S5 4 = v FEFENCEIN L AR A2 O BEHESEA KO
BEREAY AT, ZhbXbhRDZ Ehbiot.

(1) ALO-SiC-C H: %7 =9 v (Na0-ALO;
2510,) AR LEL LT~ Y o 72 AOBEIET T
5. L LA 70REBNEL, =25 V& LA0RTFD
ZHLTE Y HAREOBR TV Z200RDLIE. i
SiC o # 5 A ki, RAPFOCOBREEAIE L T\
3. eRERET S SO, Bit, B, A 7 7
¥ (Na,0/8i0,) #2513 DD T 7z L.

(2) MgO-ALO-C % :MgO 7V vy —i3 A5 7/
ERIEL, 7 AAFF 4+ (2MgO-S8i0,) DARGIT X
HBEMBBEDHRD. LsLAERALZ Y v —LREF
it EEERL, BEACMgO 79 v —OBEIE
BT 5,

TR A CRALOTREENMERTNAZ END, AR
V&4 L Etr MgO-ALO-C RY DhAr kR E
R&EBETTAZ 754 vBSEVRBET Ok, L0
BoAf=v I BHREET, TOBREEER, E71=V
IrOASERANRDHI/BBRETHY, EbLDTRIFT

Test brick

No B—4 B—5 -
g::pm;(;?c'ion Mzoa—Sioz A-ezO:-;_le_’C Mgo—Mzos_C
(wt %) (84) (13 64) RE) (66) (12) 22)
E ion test i idati
i The same as loft | Used as 2507 ladle lining
V s.-| Al £ B —S
) o
Almost same ST s
o [{. 5 ..I.:ir%gn-blrick @ - .)[l._A'r\?ﬁ;n,sg:cekas_—‘ . Almost same as
en a . i
(7; Degeneﬁa;iorlyoqa;;-er Degeneration layer Degeneration layer virgin-brick
E <—_Corumdum (-A£,0.)] (" Corumdum (a-AZ;03 | |k Spinel (Mg0-AZ,04
® Mullite (3A2,0,-2Si0,) Glaphite (C) Graphite (C)
> —— u| - ] < )
¢ Carnegieite Silicon carbide (SiC) Corumdum (a-A2:0,)
* E (Nﬁzol;A'I}ZO 5-2Si02) 1 Carnegieite
epheline > . . H
° (Na:0-AL.0,- 2Si0.) o Nepgﬁifg AL:05°25102)
2 L 3A2.0, =" Quartz (Si0.) . 5 Na:0-A8,042510.)
5 - > A
0 = Thenardite (Na.S$ Carnegieite 23
& ite(Na.S0.)| b (Na.O-Af.04-25i0,) [p— Thenardite (Na.SO.)
e  Glass
> Glass —— Glass
[ 1 [ 1 1 1 1 [ L
0 20 40 60| O 20 40 60 |0 20 40 60
Distance from working face Distance from working face | Distance from working face
{mm) {mm) {mm)

Fig. 3. Mineral facies of test bricks by X-ray analysis.
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Test Alumina-Sili i . . .
b:if:ks _C:::Z: Siliconcarbid Magnesia-Spinel-Carbon Magnesia-Carbon Roseki
o AL,0,—SiC—C MgO—A2,0,—C MgO—C Si0,—A£:0s
(wt %) 659 15 (13 (66) (12) 22 (79) 23 {78) (17) -
0
o .. Si0.grain -
3 Sew 1 2 %9 .
N Slag 4%] 2
. . - Slag -
g SiC grain (= 1mm) 3
o e ;
_?-_, A2:0;grain 99
0 20
2
.9
=
(1) Erosion velocity of matrix | (1) Magnesia-grain is eroded| (1) Magnesia-grain is eroded | (1) Grains and matrix are
g is faster than that of and degenerates and degenerates eroded at the same rate
s Alumina-grain . L . X L
€ (2) Spinel-grain is less (2) Matrix is also eroded (2) Erosion velocity is fast
& (2) Siliconcarbide-grain is eroded with grains
I?ss eroded
Judgment @) ) A X
O ! Very good, A :Good, X :Poor
Fig. 4. Microstructure figures of test bricks in 250t ladle lining.
Hot. (3) %/ MgO-C RonANbERAOTHEMS
(3) MgO-CR:7 A7 54 bRARL, MK 22 EEEELAS 7 BT ERBaR 4

MgO 2 BEHELTEY, ZOBELETTAS 7KLY
KENEELZTTD, chhbHBL, v — XK
B2 7y LT, MgO-C RO A2%NIiFE L Ieus
X5Th5%.

(4) A5H%: "5 A%AERL, BB IO<tY
y 7 AL LB HEBL TN, FOBERERLE
R, Loty — K KRR AREC DR A
DR LSS, BReHmAROBEL &L, -
A5 A Si0, OBHOBATIEED A &) %
DIE T % & 17
3-3 RBOSA=VJICHLTOELS

Y = ZRIE Y AFIDOGE, LEREENEHDTE
WThD, TORHEYTHCENLTHY ARHE LS
T57®i, Si0O, ZTE BB H R\ A i AME FRT
LHULBRBHLZ LR, BIBROLEITHLE, SHIHE
fi, AL, BB SARARICHET L ko o &M
Wz B,

(1) v—sKBiyAMBRAAS 751 vittkihp& L
T, {bFHHBRCERYLD SIO, EFDIE A £ e
WA ERL-C RONADD, FHOETHRBEEELD
hxs.

(2) Lo Litk#= 2+ 2EBLAEE, ittt
#Bhie ALOy-SiC-C ROhABNRHEL TS & # %
bhs. '

HPNRIE IR HIEE S g,
4. 42023V 5VRAAMAY

BT A A ZRENCAT 51k, BEEFD 5\ ikl
DAFIRBREHARCRE A LA VS = 7 v a VED, KN
BHREY BF D 52T, EECEYDRFRTHD = LA,
BN D TETWAEY, L L Z0BEORESD
=, AV 7 Va VI VADAEN BT b A
5. xD5 v ARMASL, BEDO LT IR IV 2R
FOED D, BT AIFRF AR TANFEY L EbR
., ZZT, BETA I FEEEYIEE TN EEE
Bl X VBRI DWW TN B,
4+1 S5V ZAMRKNDEBER

4-1-1 HBEERTL

BEEFc T R ERR & LT, koFHEchiER
BREBAIT O

(1) mmBJFRCER-7 r vk, RRFICER(EEE A
W, AFI/RERNIVCBEEIZHE TS 2L
(2) @EMIT ALOs-SIO, R+ + A x 7 1T,
ALO; KB 70~98% Dok 4 EHEA Wz #&
R LALRER X h BB L, 2ok 50x 200
X65mm » 1 7-.

(3) FRAgoHB:T, SIC OHELERT L,
ALO,-SiO, FF 4 A x 7 SiC % 0~15% FT4
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Table 5. Eroding conditions of castable test refrac-
tories for injection lance lining.

No| Item Cenditions

(1) Agent . Iron oxide

Eroding conditions 2)
1 by rotating method
using flux for (3) Heating temp.

Heater . Oxygen and propane

15500 X 30 minutes

desiliconization X 3 times
@) Castable test.; 1 Af,0,=70~98% :4kinds
refractories ' 2SiC=0~15% @ 4Kinds

. Synthetic slag
© (Na,0/Si0.= 3)
(2 Heater and heating temperature!
Same as above
Castable test. A2,05;+SiC.C or Cr.0s

Eroding conditions | (1) Agent
by rotating method
2 using synthetic slag
for
dephosphorization | (3)

refractories . 6 Kinds
8
Agent : lron oxide 415
O—Q : Depth of erosion
@@ . Depth of penetration

E

—~ 6 - E
£ Ag,0; content range ~
=~ (A2,0,=70~90%) §
c 10 3
,% g
s ab g
o b
et a
o .
- )
a 45 £
o a
o 2F 2

ol I

760 70 80 90 700
(wt%)

Fig. 5. Relationship between Al,O; content and
depth of erosion or slag penetration for castable
test refractories.

Ag.0; content

T T T T
Agent © lron oxide
< 16k O ! Depth of erosion B
£ @ : Depth of penetration
c 141 @ : Depth of erosion and ]
o penetration
ped
s 12| 7
=
g
g 10 .
]
c 8F T
2
a
g ot 1
s
i 4F -
]
a
@
o 2} —
0 1 1 )
0 5 10 15 20
SiC content (wt%)

Fig. 6. Relationship between SiC content and
depth of erosion or slag penetration for AL Os-
Si0,-SiC castable test refractories (SiO, content=

49%).
5 v 7 AN Lo e R R B g L.
%b&ﬂﬁﬁ@ﬁﬁﬁkouf% FEOEIER AR
BRa1Tor.

(1) BEKIELTY — amt/)w%ﬁAL,ﬁﬁ

14 Agent . Synthetic slag for [ Base material composition —

i2 | dephosphorization AL:0:=80%,Si0,=20% 30 E

€ O~O : Depth of erosion I ~
E 10 L @@ : Depth of penetration | o o 5
2

8 g | {2 2
173 ]
o . 2
s I ]
¢ 6 I g
5 5
5 41+ . o 7 10 <
g 4L ® -3
e o

oL —L L 1 1 [ ] , 1 0
70 80 90 100 SiC Cc Cr205

SiC.C or Cr,0; mixed
(Content=4.8%) -

Al, O, content (wt%)

Fig. 7. Relationship between chemical composition
and depth of erosion, depth of slag penetration for
castable test refractories.

B Na,0/8i0,=3 & LIcBHA T 7AiM,
BiEERs & o AETH 5.

(2) HERMIZ, ALOs-SI0, RDLDTHSH, B
BBHIERI & LT—& SiC, C F72ix Cr,O3 WML
LOREDOEEDOF + Ax I ARERLL.

Table 5l EOERFEEZRT.

4-1.2 EPEERER

Fig. 5 ¥ v+ Az 70D ALO; & HELEBRILHKIC
I ABRAER IOBEEIORRK, Fig. 6 © SiC ¥
B Lmbdkic X 5 BAR IORBERES 0K, Fig 7
CABHRMBEBLY AR T 7 X B RAR JOCRERES
DE{/YRTH, ThbX RO EAbhDT.

(1) BEABIOBDAAT 7R IZRERL, &
Kigie ALO; EHEENEBWIRE V. Ll hic
RLUTRHEERZL L5ERCH 5.

(2) BHEENEWBE, BEHAKX-) v I7HERE
xh, e ALO; % 90% Ml EoF 4 Ax T ATIRD
ofEALH. —FF ALOs 2% 70% LIFTR, RRE
M%<, 3V AHMAkHELTABOL>THS. Lic
73T ALO;-Si0, % + A & 7D AlLO; EFEIL,
70~90% BE B EHEEEZ bh3.

(3) SiC, C #F721% CrO; Ie K OFINX, A7 TR
M E B bR 5. %1 Fig. 6 €T L5,
B LS ROBEERIcx LT SiIC oFEREFMER, R
EEIBEEYERLT, 5~10% HACHLLEELD
hsb.

4.2 250 ¢ BB TORREBRBER

250 t BB IRWT, BSTFHRABERA v =7 Y
2 VI VADOBRABRY T Ok, ESHBEOFRAEELL
ChF o=V —FRAVY 2 7Y a VX DBESHTH
MBETOTWS, FioF v AO4RRIAE 200 mm,
45 5200mm O AlOy-Si0; ¥ + AX TNV TF 1 =
vIZLEboRER L. Fig. 8 ¥+ Az 7o
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I.2f
1.0 Base

o

T osf o ]

-

Q o o

= o6}

g ° °

©

- o4} i
0.2} J
0 L L 1 1 L |

50 60 70 80 90 100

Al20: content(%)

Fig. 8. Relation between Al,O, content of cast-
able refractories and lance life ratio in actual
operation.

ALO; 8FRE 5 v AERIEROBBETRTH, + 4 A
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