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» Mechanism of Formation of Surface Defects in Continuously Cast Stainless
Steel Slabs Containing Titanium
Morihiro HASEGAWA, Shigeaki MARUHASHI, Yutaka MURANAKA and Fumio HOSHI
‘ Synopsis:
@" An investigation was carried out on surface defects in continuously cast stainless steel slabs containing

titanium. Factors affecting the formation of two main surface defects, i.e. crust defects and cluster defects
were examined. Furthermore, a study was made on the mechanism of formation of crusts at the meniscus
in the mould.

1) Two causes are pointed out for the fact that crusts are apt to form in these steels; a) titanium nitride
inclusions in the molten steel act as effective substrates for the nucleation of solidified steel, and b) they
react with iron oxide in a mould powder to form nitrogen gas blow holes which lower apparent thermal dif-
o fusivity of the molten steel.

} 2) Cluster defects were formed by two different mechanisms; large size of cluster defects were originated
from a piece of build-up in the tundish nozzle, and those of small size are caused by accumulation of the in-
clusions at a certain position of the meniscus.
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Table 1. Chemical composition of stainless steel con- ;
tainig titanium. { (A

C Si Mn Ni Cr Ti Sol. Al
9.00 17.00
SUS 321 | <0.08 <1.00 <2.00 ! I =25XC =0.10
. 13.00 19.00
16.00 10XC
NSS 430M3| <0.04 <1.00 <1.00 .— l l <0.10
18.00 1.00
10.50 6XC
AISI 409 <0.08 <1.00 <1.00 — l l =<0.10
11.75 0.75
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(A) Crust defect (B) TiN cluster
Photo. 1. Two main surface defects in stainless steel
slab containing titanium.
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Fig. 1. Distribution of cluster in transverse direction in

sub-surface of slabs. (N. I. D. denotes nozzle immersion
depth)
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Photo. 2. Location of accumulation of resin particles in water model.
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Fig. 2. Effect of titanium and nitrogen contents on the
frequency of crust defects.
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Fig. 3. Relationship between the product of titanium and
nitrogen contents and the percentage of titanium nitride in
molten steel.
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(b) Cast.speed=0.8m/min, AT inTD=30°C
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Fig. 4. Examples of temperature distribution in the

meniscus during casting of stainless steel containing tita-
nium.
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Fig. 5. Diffraction pattern of used mold powder.
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Fig. 7. Effect of basicity and alumina content in used
mold powder on the formation of small size of cluster.

BVid Al ¥V FEICEI L & T s B4 & Rk
WD IR EWORBR L ELONS.

Fig. 7 121, 1mm¢ LT 2 5 2% —g (LLF, /b
7928 ) OEBIIEITTERRK Y 5 — ORIk
(Ca0/Si0,) & ALO; EHENVEEL/RY. WHED
LR & EBITHEIRERT HEMHD 555, AlLO; DE
BEODONE W, Al : TiOEFBEEFERHK Y ¥ —
DIFEFICRIFTHEY, Fig 8WRT. TigHED
FEIWHTHAHH, Al EHEOPEIIHMETZ V.

— 106 —



' E

b

Ti ZEALR 7 ¥ L A S SEEE 0 RITHEAE Bk 509

12 - . —
o ®
°
5 T
S Lt o) .
= 0]
a o ©® °
o o]
§m- 0 %o .
S o *
> 008 [% sol.Al]
2
3 oor o O : £.030
B @ :.031~060
a ® : .061~.090
® > 090
1 1

08 L -
030 040 050 060 O70 0.80
[% Ti) in molten steel

Fig. 8. Relationship between titanium and aluminum con-
tents in the molten steel and the basicity of used mold
powder.
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Table 2. Chemical composition of mold powders*.

(wt %)

Powder Ca0 SiOz  Al,O3 Fey03  NaF CaF; C
A 29.08 34.59  6.63 1.71 17.75 2.32  0.153
B 19.60 34.96 1.72 0.50 30.73 17.88 0.116

* The table shows the composition of powders after decarburization

{a)  (b)

(a) : Melted with titanium nitride
(b) : Melted without titanium nitride

Photo. 3. Vertical section of solidified mold powder.
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Fig. 9. Diffraction pattern of mold powders mixed with titanium nitride.
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Table 3. Calculated critical content of titanium oxide and
3 Ti for the formation of nitrogen gas shown as a function
of iron oxide content in mold powder.

(%FeO) (% TiO1 5) (% TiOy) (ZTh)
2.5 1.26 1.33 1.64
5 2.00 5.31 4.52
7.5 2.71 13.17 9.71
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2/3
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h
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FEE R % Table 4 1Z/RT. A2 LEHRICBVWTLL
Toflis Hwvw/. T;=25°C, T,=1510°C, o=1700
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EANVHCBWTTS 10%em/s DA —5—ThH 7,
L72d>T, 1~3mm DERBAHETF 1~3em OfL
BITHELYIBLEEFELIN -EVRS,

PLE, (15)~@18) e (20) b LD EIEMER
X0, 792 FRORBORIESN, &EATNLERT

Table 4. Necessary flow velocity as a function of blow
hole size.

r (em) h (cm) vg (cm/s)
0.05 3.0 1.03%10°
0.15 3.0 9.45% 104
0.25 3.0 9.36% 104

Photo. 4. Cross section of typical
crust (A), and partly magnified view
(B).
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Y, FIBOREIZAR L 72 TIN A5580 0 FEEA% R
? substrate TH LU FeM L, L v AL VWEHES N
B Fl, COMEREREE, RBOTHRES, Sy
y— L HEECBNANEW 5 TIN OS2 X DAL 72 N,
HATHDEDEZ 2T/ THEHEVZLS.

&£ Z AT, Photo. 4 & NIE, 7 IR MIEDIE
WOLFIIEBHATHS. Ny, ¥ 2AOBHTEEN TS
BUABEEERWE LT —F IR S5 %025,
700~1000K fHic > 57— 2 % b & 124N E 5 &AM
DY~KRBEEHESNS., LMo T, 79X ME
HALEICBIT A58 % G LB A2 OBURER I,
SIBDHFILE L L WIGE LB L/INS R, ZOkEER,
77 A MEAEMBORERTIZE L 2B I EPEEIC
LB E B2,

UEoZZgItb 3%, TigHEMIIBIL 252
DEBBHELHNTLEUTOIETHS.

TiN € EHh & 3500005, HEANGERT— v %
FELGHAEOREONEIZERL, —Hid vy y—
F O Fe Bt AR EERIGL N, RIBEHET S, 2o
KD 720, ZOMNBOR®FOBYREE LA 2D,
ZORBEREBRTIIRE 7Y, BEEER AT L
TiIN OFAELHE > THOBREPRIY 2 5 2 %4
By 5.

5. #&

Ti EHMOMESE 2 5 7I25AET HERPICDO VT,
EE 2OERICBITTHRFICOWTHRELA, I,
BEELZREMTHH2 59X MEDERTHLEHTTD 2
T A+ DR RRET L.

(1) M85 EELREAE, 772 MEE
TiIN#FHRETLHI IR —RTHA.

(2) SMBIIBVTY TR MPER LT WHEE
X, NEW-% TiN POGEZER *BIET A 2 &,
T, Xy —fo Fe BIbMR e IG L N, Kift%
BEL, BHOAPITOMZEEXET S LI LIZH
5.

(3) 27925 —DOERIZ, ZOoDRL LRI L
DT 2. KELIILIRE AVONEWORHERE 5
L. NS RdEE, Sy F—dho Si0, A Ti & Kin LE

il

B CaTiO; 2SR L, A TEWOWINEEI KT 3 %
ZEICHERNLRERTD S.
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