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ABSTRACT

Bebavior of Zr0y-C materal used for submerged entry nozzle i thin slah casting was mvestigated. De-
gradation of the material has been found to result from breakup of zirconiz aggregate. refered to as
‘destabulization”. Deslabilization is almost completed during preheating procedure and shows an increasing
tendency as the purity of zirconia agaregate decreases and as the content of metallic Si used m Zr(,-C ma-
terial increases. Some components such as Na, Mg, 510 reduced from mold powder 15 accumulated in zir-
conia grain boundary which was already formed n the ZrQ; aggregate durmg preheating. Such concentrated
components make grain houndary wider but do not cause any additional destamlizatinn of zirconia.
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B QaAle SaalH g AXEE SUo gl 2 Table 1. Chemical Composition of ZrO;-C Materials
9 o] Azan]ol-£9 Ao ALgAle gekEsi] o Ca0 | SiQ, | ALO,| MgO | Metal-Si | ZrO;
8 27 d3 A 2Ese] 32e =SAdS oY ZG-11 3.13 | 1.04 | 050 | 1.06 1.5 743

e 1

o5 d4Ye dAsln = shfrige] whgl st 262 3 1 75
22 gaD A Gokgs Asd A8 =X 263|337 | 086 [ods 02| - | 769
W A 55 WEd sl *Supplied by malkers

Table 2. Chermical Composition of used Mold Powders

510, Ca0 | ALO; | MgO | Ti0; | Fe,0s | MnO, | Na0 | KO Li,0 ¥ Total
A 35.96 | 32.36 | 857 3.95 - 0.56 1.8 6.99 0.11 - 8.7 100
B 27.73 | 30.21 | 16.35 7.1 1.69 - - 8.91 - - 8.0 100
c 31.82 | 405 3.39 295 0.04 0.34 0.03 9.34 018 0.77 | 1062 | 100
D 3495 | 34.39 | 338 - 113 .23 | 18.04 - - 7.89 100
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Fig. 1. Stahlity change of ZG during preheating.

Fig. 2. SEM photographs of ZG specimens hefore
preheating (a} ZG-1 (h) ZG-2 and (c) ZG-3.
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Fig. 3. SEM photographs of ZG specunens after preheat~
mg at 1260°C for 180 min. (a) ZG-1 (b) ZG-2
and (¢) Z2G-3.
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Table 3. EDS Quantitalive Analysis of [ntergranular
Material Before and after Preheating

(a) Before Preheating

Ca0 S0, ALD; | MgO | NaO
ZG-1 | 4215 | 2052 | 37.33 - -
ZG-2 | 53.03 | 46.97 - - -
7G-3 | 4263 | 3190 | 2547 - -

(b) After Preheating (1260°C > 180 min.)

Cal S0, AlLDy | MgO | NagO
ZG-1 | 34.36 | 50.03 332 11.79 0.74
ZG-2 | BR.FT | 44.23 - -
ZG-3 | 4149 | 33.84 | 24.09 0.58 -
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Fig. 4. SEM photographs of ZG-1 after use {a) powder
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Fig. &. WDS hne proflle of Ca 1 ZrOz aggregate after
use (powder A} {a) hat face and {b) 6mm
from hot face.

Table 4. EDS Quantitative Analysis of Intergramular
Material Before and After Use

{a) Before use

Ca0 S0, AlLO, | MgO | NaO
2G-1 4215 | 2052 | 37.33 - -
{b) After use
Powder | Ca0 5i0. ALO, | MgQ | NagQ
A 3756 | 42.65 4.07 13.69 2.04
B 9.84 46.78 3.60 14.71 5.07
C 28.97 | 47.37 7.19 10.4 6.08
D 25.86 | 49.08 3.14 3.19 13.74
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Fig. 6. Basicity change of mtergranular material of zu-
conia aggregate during preheating and casting.

16
= |
5 14 } Powder D'.
= | :
B
5 «
o |
5 |
= L
= ! Powder ©
[ b ’> ’ .. |
= | Powder B @ I
T 4t ' |
B | , {
= } . |
z : !r * Powider A “
0 [A— J
il 5 10 15 20

fwt% Na:0) of mold powder

Fig. 7. Comparison betweetn NuO content of mobd
powder and thal of intergranular malerial of
zirconia aggregate after use.



ateme 934 7

[
1y

2ka

o

T/ 5 A2ty YA F Na09 3
FE S7hE (2)2)¢] ve-g JukdeE 20, Fig 8&
Mg09 52 °3)~] FYY AFE Jehdch. Sevhe-
HF MgO7} gle Aeol= dtEds) Mg0 57t
8% EEE L}E}Uru AL 29 € DAl g Qe
2o ARt ® o = gFe] o|Ee] ZG-1 AL
A-EEHA 7] et

Fig. 99ll= AH&-Aol A7 o

o, A Aol 4 A

A2=ol 2Ae] obwgge WHals 2t Y= o
Bl dFAlH Aol gekslet gm0
16 —— -
: -
Dol Powder A " Powder B
B 12
] |
E o - ® Powder C
E—f 8 ¥ Powder D
=
= L
‘G
s 4k
=
w o}
E
0 : '
0 d 4 & 8

(wt% Me0) af mold powder

Fig. 8. Comparision between MgQ comlent of mold
powder and that of mtergranular material of
zircoma aggregate after use.

Betore After

use preheating
lr
5 -
______________________ a » 7G|

= 80 & ® |E| IG-2
- T o o 76-1
= B R o
S a0 coa
= &
= A
o 3 i [ ]
N .
“ s
2 30f :
a |
I 2wt ‘
=
3

1 -

0 ! . . .

u a0 100 150 200 250 300

Casiing time (min)

Fig. 9. Stahility change of zircomia aggregate during
preheating and casting.

2 Ealye 23dst A

By
53]
3

Ir

12 Est

se 29
a

7} gleh, AMEF 2 Algg) Rl2mgel &

=31 H EESGpUERE] 7|E fedE
7|%. Na0, MgO §hedo] vh2x|th ¢-y 3-8
o FY8HA VElA @7 9 Hong® So] Bud &
Ex-idA #gE "“?'— | =& 2ok zhs) dojul=
Zio] ope} ddale of=] gebg skl dojuba Ay
7t A7) F2A 01‘:0 YA s el gl
H Ao Hadvks 38 ¥ 5 o) i 2 Hong B
2 AME wETE 2Ll o dAle] AES ket
71wl ol A S H™HY Hoz AEC) @
389 AR hg AHEEAL 2G-3 > 26G-2 > ZG-
12] &M 2 2 Ao] SpakA Udea eebE s 84
o] 20| Ao 24 7|lolslm 9= Aoz gebE).

Q.
gt
[+) o »
=
=
[=]

I'Ii._‘._.él‘

44 £

Tt 258 AR S Akl el 249
S 71EE AR A gt ge 2 EE AT,

L =2 E s F2 A 2510} 249 2o s of
& AH e 7115 3ivt

2 2R QS =EF T S @l wE4
5 EG deee T 2255 Srleiet

3. 27| EebE Ae oA A A AL fae ok

4 A&EFE2FE F2 2= ApoRrE @l
Si0(g), Na(g), Mglg)7t #2311} Exie] =] %
HEel YAE Welozs 27 24937} Basl
At

b SEIPUIRRE Hdd AEE 29 gorgsl
el A12] dabs v)A|A] kel

REFERENCES

1. TK Brimacombe and I.V.Samarasekera, “The Challenga
of Thin Slab Casting,” Tron & Steelmaker, 21(11), 29-
39(1994).

2. T bR &I I ILO R, BRR S and T M.To-
gurl, B/ ANGAT I F LR RET S B
EHACRER & BEIES T S, 42(12), 710-719(1990)

3. ¥.Nakamura, T.Ando, K.Kurata and M.lkeda. “Effect
of Chemical Composition of Mold Powder on the Ero-
sion of Submerged Nozzles for Continuous Casling of
Steel” Trans. ISI, 26, 1052-1057(1986).

4. AFDick, X.Yu, RJPomfret and K.S.Coley, “Attack
of Submerged Entry Nozzlcs by Mould Flux and Dis-
sahition of Refractory Oxides in the Flux,” ISIT Int-
emational, 37(2), 102-108(1997).

5.0 R, FHLEES. FURENT, FERELER, BTmEE,
DN = TERAOTERAT T L R
BT A RS IR, WA, 35(3), 123-131(1983),

Al 36 A A 3 5(1998)



258 5}

6. i FOIB, fsilanessk, SRS, ABEFEE, AUMIEER,
A S PERAROERA T 7T B AL R
VBT BAEEGEI), Wk, 35(9), 487-494(1983).

7. th FIB, FTwm. TEREN ., AT, ARER,
DD TR ASOTER, A T T L BETR &iEH
R BB EE), Wk, 36(3), 279-285(1984).

8. IHHong. SMXKim and 1.SPark, “Slagline Wear of
Graphite-Bonded Zirconia SENs.” Ceram. Bull, T6(5),
75-78(1997).

9. Pk, BE X, LIS LB o= Tk
Myl dee bERE), Wy, 4007), 428-435(1988).

SR

el

3':
10. 5@, wiEaf, WA B, oK SRR A

AR A, 36(4), 218-219(1984).

WH O, MR, AT, BREHE, oElke

a=T ORI BT TIRIOReE (B, A

1, 31, 281-285(1979)

R, Y NS, MR REE TS, RSN <

72 DR SR, 36, 109-118(1993)

13 g, A A SRR B R EE S A
VF-T A O L I IO Wit Ak,
41(11). 644(1989).

1

12,



