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Table 1 Properties of corudum-spinel precast block

o H B OE
w( Al 0,)/% 87.59
110 C 24 h 9.2
/MP,
YL/ MPa 1600 C 3 h 9.5
110°C 24 h 54
¢ '/ MP:

ol T3 5/ MPa 1600C3h 82
ok AT/ % 1600 C3h 0.41
HRERALREN % 1600 °C3h -0.06

BALE % 110°C 24 h 12
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Table 2 Properties of carbon free ladle precast block and
ancillary products

GUENIE RRE B RURNIE  Ha
b itk REHE PEER SR
=50.0

m A
w(Al,0,)/%

R g/

(g+em™?)

Bk A

RN % 1600°C3h 0.5 £0.1
ESREE/MPa 110 C 24 h  =30.0 =2.0 =30.0
HeAsAE/MPa 110 C 24 h =5.0 =0.5 =5.0

AR £ K 5 A T B BB A SR A &
RiAARAA, HETEAEHN KRS AT
WG, IS REFAR, B RdEE—

=80.0 =70.0 =70.0

110 °C24h =290 =2.60 =2.80
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Table 3 Properties comparison between corudum - spinel
pressed bricks and corudum-spinel precast blocks

VLRI £~k FiFE Ml E-Raf HiliR

m .
E Rl LSS Al B
w(ALO; +Mg0)/%  96.5 97.2 97.1  97.7
IKBERE/ (g-em ™) 3.26 3.27 3.8 3.15
BRALE% 8.7 9.2 14 12
kA 1100C3h 0.10 0.18 0.05  0.03
ZKEWN/% 1600 C3h 0.48 0.56 0.41  0.38
FRHAT 1400 T
BiE/ MPa 0.5h 8.0 2.8 L4 L7
. 20CT2%h 87 82 54 69
W 1wocse 7 92 62 78
iR 1%/ MPa
1600 °C3h 103 127 82 109
. 20C24h  23.0 12.1 9.2 10.9
L
G Mpa 1100 T3h 9.6 23.1 8.7 12.8
1600 C3h 33 35 9.5 28

PUERIE-R R ATERRE TAEFERE, HE R
HIE AR, BRIt F A — L EBAARE, .4
A AR, B FR R EEMRE, H
I, ERVENE-REAEMERASXRZLEES
WMF3E:ORENCABRN B EE; QK ER
EEL A G, RATHE R B O ALY & K A 4
B TR R
1.1.3  {RBkEEBRAS

R T B IR R AR EE XK B, S8R
WERLEHR B NEEEMITR MPEREIL R
BB EERK S B AT T 300 « A& REEE N
0.7~0.9 mm « K™, 5 & 14% (w) BIHEERFERY
SRR Y, KRR IR 4 iR,

®/4 RERBEKIERVERE
Table 4 Properties of low-carbon MgO-C bricks

A 77 hh 1 P2
MgO 9 90
M () /% 2 >%0 >
C <7 <5
RS/ (g em™3) - >3.10 >3.10
BAALER/ % <3 <3
15§ 1 58/ MPa >60 >60
ERHIHFEE/MPa 1400 °C 0.5 h >20 >20
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1.1.4 RIE-REATER

NI E-R S A TR RHE LR A& aRUsURE A B Rl B
KSR KES S RAR E-RBAFEER. &
VIHHEAFRFKREER, BERUERIRERSE
FHZER, REBTREMEHBR. SNE
300 44 fd FIA B 250 B K, R R
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Table 5 Properties of ladle castables

i H PEERIES BURDEER
— 110 € 24 h 3.15 3.13
( /]::Rcmr%) © 1000C3h 3.10 3.10
8 1500 C3h 3,05 3.05
. , 110 C 24 h 15 16
BASLE/ % 1000°C3h 18 19
1500 °C3h 20 21
110 C 24 h 42 39.5
HiFRE/MPa 1 000C3h 35 29.1
1500 C3h 125 101.8
Ak A 1000C3h 0 0
& E/ % 1500 °C3h +0.55 +0.45
AT/ MPa 1450 C 3 h 6.8 9.1
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Table 6 Chemical compositions and physical properties of
unfired MgO-CaO bricks

m H MG-30  MG-10 MGT-10 MGT-10A
24 1, Ca0 33.13 12.3 12.7 13.3
(w)/% MgO+CaO 91.8 93.95  89.42  91.22
W IR E58 [/ MPa 82 65.0 54 59
EREE/ (g om™?) 3.05 3.10 3.05 3.07
fn#k A
& 5% 1600C3h -0.5 0.2 0.1 -0.1

NP VE R T R BRI R E i b 7= i, B
HEWEER BN RSN, EHEANEREEFESE
TLRTRRA R, G+ B KT F FHw(ALO, +
Fe,0, +Si0,) <1.0% By BEE5 b P B 845075, F T
100 v 4P ERA, HAFEAFArIL 150 )RLL E,

1.2 RH KRS
1.2.1 4E4REE

RH ¥EER4 7 I B/K TR B A R P B RS SR 35
EHIVERBMHER, BTHERAMBRZERS S
HORMTH N HES KRR EMBEEE . 5ERTH
SRAULAE I F IR E T, AMT— BB A IR A
MR RFMRIBRE, —RRIL, BREFMASHE
MM AE A MRE T RH P HEFHE& . 2010
&, NI AT R R RRESE 88 75 6 RH 0B & ar M
JER R SRR L B9 110 AR T3] 130 kA L,
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Table 7 Chemical compositions and physical properties com-
parison between traditional MgO - Cr,Q, bricks and
low-silicon MgO-Cr, O, bricks

W H feUiE R IRakEE e
MgO =60 63.18
. Cr,0, =20 24.05
fe#aLm, Si0, <2.0 0.69
(w)/%
Fe,0, <12 6.83
Ca0 0.68
HEKILBE/C (0.2 MPa, T, ) 1750 1750
EREE/ (g em™?) =3.20 3.30
BRAE% <18 15.8
IR it [E 38 8/ MPa =45 86
FAEE/W (1 100 C,KE) 4 12

ER Bk P S0, S BB, HEHEA
Cr,0, MgO Fe,0; LA R NB H BRI AE ML T
AR EY, TERMB R T, e, 5
Sh, e SBR[ Mn] ([ Al RAL, AR Si
SR IZH R R T

3/28i0,(s) +2[ Al]==13/2[Si] + AL,0,(s), (1)
Si0,(s) +2[ Mn] [Si] +2MnO, (2)
R, HTF RH BES FERM R 5, ST
B Si0, SRS MERT, M ETT Y, RH
B BRI X0 B LA K A B A R R T B
Xt RH § a5 — & E
1.2.2 L&k -
HTFANBNAENEE, AMI—EHB01 TR
B MR RB R MR, RS TN B
B RS EY , BRBUS T —SA SRR, Hitk
WA LT &, YARREE L B iE. AW, BAAFR
ROk B SE R A% 72 RH 47 L B R 9 25 SR B B T4 1k
WIBERRE BT T —8, REREE S 7€ H & JFE
B4 H] 300 + LR RH FREERA, HERMEE R
0.6 mm - ¥ 7' W BE A ERE/D 10% , XK
BREEGRTL SIE S B SRR PERE H AR 3R 8 TR,
®RE (RWBEKESEGEREMELR

Table 8 Chemical compositions and physical properties com-
parison between low-carbon MgO-C bricks and tra-
ditional MgO-Cr, O, bricks

n H LB EEakne (GRS
P MgO 92 62
(w)’/% Cr, 04 18
C 3

RHEE/ (g em™?) 3.15 3.22
BAILB/ % 3.4 14.3

TR} < 588 B/ MPa 51 74
HRBLHT IR/ MPa 25 14

B RS %(1 750 C 3 h, KA CaO

5 $i0, TR 4 Hi) 68 100

Hi e AL35H(1 200 C 20 min,TX) 52 12
PrZEPE/ R (1 580 C 60 s, /K¥3) 72 100
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B PR I IR M PR S AR TR 1, AR A
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EiBIRSE N EHA RS, BHEYRPERRT EH
REDIAR B, 3 5 H 8] B B A — 7ol 67 86 ) S0 TR %
AR TR M EERRREHEE, F
e KA H RS R T AR EMER. TH
I — T P I R ERR PR 3K i o 25 A
ARXAKDO,
L3.1 JEeiR

HAT, HEETESAE LT XS, HAL
PRVRKE BEvRoR A TR Ak 3hREER B R B B3R
o, LR RGBSR, EW AW R
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Table 9 Chemical compositions and physical properties of
tundish coatings in Baosteel, Wuhan Steel and
An-shan Steel

% B R 2] EW
SRR BN BRI E ST

Egm | Mg0 | 87.56 =80  85.15 =40

(0)/% €20 =50
(‘t*ni’%/) 110€C24h  2.06 22.00 2.10  2.10

PGB/ MPa 110°C 24 b 4 =10

ég”?é% 1500C3h -0.5 -2.5~2.5
EX 0

Xf Fr Ca0 #Y MgO-CaO FRIRKIFK UL, B Jo 558
BRI 42 T BE A5 I K Ak ) R, v, S 3 st
FHIREHNEE Ca0 K B, BAFMA—EE#Ca(OH),
1 CaCO,, H LA I LTI BB CaO B MgO-CaO fR
Rk e N 10 BrRDY, ARG s &,
BEHANE, WE S ALO, Bt &4 8k 1% 2 5 5
5.5% ~5.6% , B BB T WA AL O,

R0 3 Ca0 DERBGIMERE

Table 10 Chemical compositions and physical properties of
tundish coating with high CaO

W H e E HLAUH

Ca0 >54 54.05

24 /%
AR (w)/% MgO 536 38.58
HFHFERE/(g-em™3) 110C 24 h >1.80 1.93
110 C 24 h >5.0 11.8
S 4 &/ MP:

i R/ MPa 1500 C 3 h 52.0 3.4

Tk ALk % 1500C3h -1.0~4.0 -2.3

Fi5b, KR, MgO-CaO 3kt A] B 1B FE 4D
HEMR LA TR, 7 Mg0-CaO M AA BN
H, 4 Ca0 & (w) K 20% ~2 5%}, NP BB B
A i R

GaEE, BEHKERE BT Rk k%R
E, BEREY CaO S8 (w) EHE20% EEE R
EHo
1.3.2 EapymiE

AT HIEWKEEMERIES B e, iRl
WITBUKERIR R MR L, A EaEigE T
IR, KRBV SRR, BMECARERE
MBERISEIE, R T &P EA G WK e 4
YMEER, B ARBERRES R EE ",

1.3.3  SALEMKL e

TR BRI 256, 4 E A5 1 I8 A L T B R P
AR b, BEESE EAR — R A P B AL, 220t i e B
AEH, S 5MmERRES, BRET £t
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R SRRy LA B IR R AR 11 R, XRRLERRTE R
W EWEEA, AIRER, SRR
be, I T BIRER 10% ) B A IR E PR S TE 8y
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12 fim, BERUSIIML B EBUR, —HERFE Y CaO
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Table 11 Chemical compositions and physical properties of
CaO steel filter

W H SR

Ca0 92.2

MO 0.65

A (w) /% 5i0, 0.06

ALO, 0.02

Fe, 04 <0.1

R/ (g em™?) 2.41
BRILE % 27
% L FE 9%/ MPa 18
F R IRIE/ MPa 25

RI12 HBAGRIEINER
Table 12 Total oxygen content analysis before/after

steel filter

. w/ % .

ws ST HwE | DA%
2-4-24 0.027 0.019 29.60
3-3-532 0.026 0.020 23.08
3-3-534 0.025 0.020 20.00
1-7-709 0.019 0.015 21.05
2-8-517 0.024 0.015 37.50

1.3.4 SEHERS

A NGB B S B S5 4 I B e 2
Y1 LBRAEUCF Y BB, LB SR 8 R e 2
BREGAERIBT I JE A, &5 P R E T R/
M 4K Je % b, B AT RO RS i, A
AT R =) o LA R R S AR
FHBEXT ) AR R AR e 2 ) 2 BR R IR I

100

i EBRER%
5 8 3
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0044~ 0 080~ 0.120~ 0.150~ 0.214~
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JEH R F/mm
B1 SESENDOEShREMRRAYEERNEN

Fig. 1 Influence of bubble curtain on removal rate of inclusion
with different sizes in tundish
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1.3.5 EaRE

HETHEEKARE—REAERSEETH,
BRBHELZER, BRELREAE, F8RE 4
WrekmBE RS, MARERR, MEEF LS
RIBBRGF WHRETEZERNAKAR, A FEEE =
FIATAE R ARRROCR , MAOKE PR E RS
HERE, AR TEFEFREBT. BANAN, W
RIE AT EA WA P RS, HBEATRE
RGeS, ZOAMERP HRBEREM 10 ~20 C, X
K, MW EmE T, RS A MRS
1.3.6 FEH“=XKH”

BEEEHEAMER, EH "= KB ERK
A, TEEBARXKO, AMTEAFSBELXEHR
B, B IEXT K IgaR L& ALO, W& E S HE
MTRETE, HY, 5HRENEBERE 20,-C,
7r0,-7ZrB,-C . ZtB,-C %4 K. 757 1k 29 F1 ALO,
MEHFE, FET CaZiO, - C, BN - AIN - C.
0’ -SiAlON- Zr0,-CUA R o Lo bt T 17, |
A< A Yochiro Kawabe % 38 J¢ FF & B 45 BE 4R b A AN
AL, 0,-Si0, BT, WRZA /b Tk 10 pyse
PR E BRI, B—FIER AR Bt AL Bl &
BN REBE, A R T i g s . o R4k
FHRMY PR INE 13 iR,

R 13 BERAETRAANHRVERHRE

Table 13 Chemical compositions and physical properties of
Al,O,-C body and linings

% B mmA LA AL0,-SI0,
LIRS P4f ZRT)
AL O, 65.9 76.0 63.0
e 5i0, 35.0
%ﬁ%ﬁk Mg0 23.0
28.6
SiC 4.6
BEAE % 16.5 23.5 20.1
HHHEE/ (g om™?) 2.55 2.68 2.55
iR E/ MPa 9.8 7.5 7.2
MER/(W-m' K 35.0 4.3 2.7

W LA B A H R R AT R AR K 0BT F MO
FESREA BB LM, 5BKMN ALO,-C K
BARKOALL, BB 1/10,AL0, £74
FREAR, B4 IS 7K T P BE TR I

LA A SE 9 AL O, —MgO 42 & A1 b1 5 P 4t i
BAZUK O TR | B A IR, EiE
7 4, KOWHTE ALO, TR, BIBREME 7 xR a9
B, IR RSN RB TSR 1.1 x10 7% , le A
L@ EROK T346% 3.8 x 10 % B B T g™,

BT, EABESE =K £l EAE 30
KULE, REFHRZHEMHEREEETZNE
ROERRBEMAFHE—SRE) . MBERERAR
KOREHRERNEN KBL, HEEFREARD
TILAT7 Ok [ BEJE 32 3 45 5 8% 50 B A BR h1 5
QFEHET, R BRSS9 45 & 28 01 b 1 fin skt
TK O R O st kH A Z E4F 85 B AR
F@E Ak DB, AR U,

EH NN REE O (E] MR, X BT 3 [ A b
BARANRFKR, BERNZIIBKNEARRER,

1.3.7 W kiHRHER T

A WA I B E R BB &, Kb A B
THET KBS, BRI R, P
R PKTERBE . 0 LA e )62 B I O b i R B AR A%
SRR IR B W G, AR TR
B AR, BT AR B B I R b it
MR, AT REABIBUN BRI K . B, ¥
BAZUK O/ 06 18 F 5 18 A K T A
FREYH EF, BOBHERPRIESRE .

2 HHERHEAMN

T A B S5 32 1 OB R 4B £ T v B B
SMEHRMEH ST HES EEWER, R X
PR B R AR TR A RRIRAS, B4 x4
MRE AL EZRN WESEFFEEENY
Maf o T OAT AL A 45 ZE R T KO O 58, B ifS K
THAELL R it Kb RLE R 5 il KA 38
2.1 RIBNPHER, SEBRMINRTTE

SFRZEWN T, HRLHFMAREF, EHH
Y H N A A B A 5 B TR R A K AR R, B

(1) &E/=54b BMnt, EikH Mg0-C.Zr0, %4t
Eﬁ‘ﬁ{'?’%ﬁ, fi“?fﬁEZ:EJiﬂi AI203—C\A1203—-ZI‘02—C
FRINER,

(2) PR, LR P BRARKD,

() AR BT, BELRNETIER L
B P 1B AR Af LA S ARBR IR L B e i ARRK
A%,

(4) EF=HERNE R PANLAM AT, EREEMNG
TAERS BRES TP L3R R CaO JRAR/K I B 28 %

xR ER— BRI, SRR ER—4
FER B E R, BAREHE, ERTAIMEL.,
2.2 BEORERREMKA2EHERE

FEAR Mt K BT RHIFE, FILRERE IR A4 7= R AR

2012/2 ik dt4s/ REFRACTORES 85



& R # #/NAIHUO CAILIAO

2012 4E55 46 %

MFEENRY, FEENERKRTHIESRER
ZRo AT LU RARA AT RS BIRERIHFEZ B Y

(DHLEEMATR. Bil, KRB N QA
RO R it AR R BB AY, SR B RS U %
B R, ZRELT, BRESEEMN @Y%
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RE—-FHUGE RN, BB, WREEHRS
KRB, WK BIMRM A HFEZ B, RH %
R B SFURERLIERL,

(2) REBFRE, ERANNETREN, #
IR, B LA R TR, R 8
SR, TR A 6 2 R LA RO iR o SR AR B
HIAWT . A5h, MMETRELWEN, ZENERTH
A IR L | 2 0 4 W s SRR At 9 300 0 8 A6 00 50808 434
S2B AWM G RTTE ER. XREEE A LTS 4 A
RIREAT, BRI, XATLUA B RN Z 21T
Z B/, [REE, FE 50 R A XTI R R 1 2
AR, B9 R B4 R i TE B 2 | RORL
JEAABERE AR MR Kb B X MK 75 3, B 20T g
—RERRE R IR

(3) B ERIBE , hnE e o X X 4R 80 i K bE B35
i, PRI b T FE R AT R, AR 24 1 S R K
UEB 13—, ) EHAR R R IL P R oL
T EE SR N, A 120 4R R
B 150 k&R
2.3 N2 zEmMHER

#1542 ( Global contract) X i K 44 4} 4l K
i, B—FESEHENE LR, MWk, 2
BAHREEEN . et AR T g ik
A, SEBLT ey R B 5 B 1) o R 9 RE 4G B A A
Ao F—MWAERECLIBITT 10 ££4, £RE
AT THET B T RIFBUR . B FXMER
BIFKRSRXR, MZAHRZ R Mg
RE Il 2 BT, BERLAT S, X — 1Ay
biwvia v Va4 10 8

UCPAE, S BT —Fh T A A R —
“ & EIMT A E A7 (Total refractory) o IX LR FEY
M EERAREM EREERY, ERARBAGHEX
R, MARAEE, SRAMUERER, mikitae
71, FRERHERIRE Sy, MATROB ARG RE S, Wi B
EAHTLEMEAS N IR, BEXRT NEHER X
PR B P R, BB AR AN
FEARIFBURE TS Kb LR A, B8 B A & i Kbt
AL 7 75 10 i 35 R R TR A A L T Bk ST
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Abstract: Silica sol bonded corundum castables, microsilica bonded corundum castables, and silica sol
bonded corundum-mullite castables were prepared using white fused alumina, fused mullite, ultra-fine alu-
mina, microsilica and silica sol as main starting materials. Conventional properties, cold and hot modulus of
rupture and elastic modulus of the castables after firing at different temperatures were researched. Some
specimens were analyzed by DTA,XRD and SEM. The results show that: (1) compared with microsilica, sili-
ca sol can significantly improve the modulus of rupture of the castables below 800 °C, and the bonding
mechanisms of silica sol and microsilica and their variation tendencies with temperature are basically the
same; (2)at high temperatures most of the sodium oxide from the decomposition of B-Al, O, in fused alumi-
na aggregate enters into the liquid to increase the sodium oxide content in the liquid which is disadvanta-
geous for the formation of in-situ mullite and hot modulus of rupture; (3) elastic modulus of the silica sol
bonded corundum castables is decreased by adding mullite, and the mullite network forms due to the
mass transfer of liquid phase at high temperatures and reinforces the structure of the castables.
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Abstract: The current status and development trend of the refractories for clean steel secondary refining
and continuous casting were briefly reviewed. The selection and technical progress of refractories for ladle
refining system,RH refining system and tundish system were mainly introduced. The role of management
and innovation on refractories in clean steel production was emphasized.
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