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Wear Rate of Fused Silica Submerged Nozzle for Continuous Casting

Synopsis :

Koryu ARATANI and Tatsuo KAWAKAMI

In order to estimate the wear rate and the campaign life of fused silica submerged nozzle for continuous
casting of Mn steel, investigations were made of used nozzle retrieved from actual continuous casting
machine and laboratory corrosion test of fused silica refractories in molten steel with various Mn concen-

tration.

As a result, it was found that the wear rate was proportional to the difference between bulk Mn concen-
tration and equilibrium Mn concentration, and flow velocity of molten steel through the nozzle.

The wear rate is expressed as follows;

v (cm/min)=0.46 (4.5X1072U+1.2) {13.9 (Mnjo—[Mn],)+ 1.1} X1073
where U is flow velocity of molten steel through the nozzle(cm/min), [Mn]o is bulk Mn concentration in steel,
and [Mn], is equilibrium Mn concentration for the reduction reaction of SiOy by Mn in steel.
Key words; continuous casting ; refractory; wear ; fused silica; submerged nozzle ; Mn steel.
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Table 1. Chemical composition of the steels
(wt%) . '

No C Si Mn P S (o}

1 0.011 0.49 0.50 0.003 0.006 0.0019
2 0.013 0.49 1.00 0.003 0.006 0.0016
3 0.014 0.50 2.01 0.003 0.007 0.0018
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Fig. 1. Change of Mn and Si concentration in the
steel during the reaction between molten steel with
1.8 wt%Mn and fused silica refractories at 1 550°C
and at rotation speed of 300 rpm.

ZIRL72. ZOBE, 1ERK0 7 AN ESER T2 T
HOTHRMRED L CHOMBIE, &b b OWER
BB X OHBISEARBOEA S ST R TR L.
$75, 80 BB L OHARBIIE L — FOAEITE L.

4. & =

FHI B B XL OWIBBRE, 2 XV OKRE)
WA LA & B L CRADED & v ) BT,
BIESRIC BT 2 EHEREERELS. bbb, F—
F o = VOB GRS OB ST £ TR LB
BEbOTHY, WIREOHED L)1, EHmS O
FEABASIE DT & & b PHEIES C E ) o &
B, L72ho T, FRROBE IR 0BG S
BT EC, B XN DBEI L CTH I —E D BRED
NEBOTVRBEER OGNS, 22T, = TIRERE
B B XN OB L HET 270K &
LhEEERITO.

T, o Mn BB OREEZEL 2 RS (Fig. 1)
KBWT, OO TERLYEE, 2042 5Hh
Mn OBREZACODESE [%Mn/min] £Kbd 7 Zh
%égmﬂﬁmi%tb;C@%%K@%@W%&%E
LR, SUSRERCR LCll & i b o
B2 720 O Mn ERZEAGEE o [g-Mn/cm® min] ©

0.0

o
)

o
'S

(V/A) AMn
o
[«)]

o
[

0 10 20 30 40 50 80
Time (min}

Fig. 2. Effect of rotation speed of the fused silica
rods on the change of Mn concentration in the mol-
ten steel Ailring the reaction with the fused sili
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refractories.

Table 2. Casting conditions of molten steel and eroded thickness of the nozzle.

1 1$3 0
No Through put Casting time Temperature Chemical composition (wt%) Eroded thickness of the nozzle
(t) min °c) Mn Si c mm
1 316.5 156 1531 0.74 0.20 " 0.18 14.97 "
2 559.9 293 1536 0.73 0.20 0.17 23.73
3 190.0 118 1548 0.94 0.24 0.16 16.64
4 163.5 102 1542 0.86 0.21 0.15 14.08
5 411.8 236 1534 0.68 0.19 0.16 18.41
6 398.8 239 1537 0.71 0.20 0.16 21.51
7 367.3 239 1535 0.74 0.20 0.16 19.12
8 J 454.9 270 1535 0.77 0.21 0.17 21.33
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Fig. 3. Relation between the wear rate of fused
silica refractories v; and the difference of initial
and equilibrium Mn concentration ((Mn[o— [Mn],).

MO HEk (Fo) ZodbnlzownwTthiBIBH I L
REVEZOND.

DX, BMORMEDOHEELRFTT A0, Mn iz
1% OEMICOWTSRECTORE L Mn EEXR
LR v & OBE%E Fig. 4 iI27ay b LA 2O
o, RAHEIIET SHHECEEICE L TROERN
BEONS.

vo"={4.5><10*2U+1.2| X1073 eeerereiiinienine. (2)

— iR E R B ELE O FUE I B W T TEE AT & B
W RATTEECRI L C Eiseneere 5P, NESY, KH
5% OEERV D X 512 Re # R Sc BT X A AT H
N5, Thbb, MENTHREGT CEE L REROWE
BEHICEAL TERO LD 2EXRTHESH R T
59,

k/U=c(Re)““(Sé)" ........................... (3)

FOME L RELZDOLEGAFE—THIUIZOKE, &
ErobowtiaR—& 50T (3)id k=alU* DX
AIHEMILTE S, a DfEL L TIE, —#%I20.5~0.8
DIENHRE SN TVBI7O. REROGE, a DfEIXZ
NOEOELNETFREREE 2D, ZOHEHICOWTIZ
SHOBRETRETHHHS, 2T, (2)RNOBBR?H
) Mn 27 1% DN OBE#ICH LTHRE L &L ITEOL
FT5HEREL, (2)R% 300rpm DL EDg” OfE (=
2.6) CHRLCHROBEEICHTAEE L. 2hE(1)
R EHAGHETERELREONELFURO L) 2E
B 257

Vo =1(4.5 X 107U +1.2)/2.6}-

{13.9([MnJo —[Mnl.)+ 1.1} X 107* --- (4)

—F, T H U EREMICLLBEMAaEEH XY OR
AREEEICHREDD Lok kR TRE NS,

[SiOZ]Ref+2m=2(MnO)+S_i ............... (5)
[ Si0; Jrer + (MnO) = (MnO-Si0,) -oeeeveeeee (6)
=
5
€
L%
N
=g
°
:xo
> 0.0 L 1 1 L { { !
O 10 20 30 40 50 60 70
U (cm/sec)

Fig. 4. Relation between the wear rate of fused
silica refractories v5 and relative flow rate of mol-
ten steel U.
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Fig. 6. Plot of observed wear rate of immersion
nozzle, v,,¢, versus calculated wear rate, v,,).
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