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Effect of Oxide Composition on Solidification Structure of Ti Added Ferritic Stainless Steel

Hiroshi FUNMURA, Shinji TSUGE, Yuichi KoMIzo and Taiji NISHIZAWA

Synopsis : Effect of oxide composition on the solidification structure of 16mass%Cr-0.15mass%Ti-0.009%N ferritic stainless steel was investigated. As

for the results, the oxides in steel ingots was observed to be covered by TiN and contained Al and Mg. When the Mg/Al mass ratio of oxides,

determined by EDS analysis, ranged from 0.3 to 0.5, an equiaxed fine-grain structure was produced. According to Al,O0,-MgO phase dia-

gram, the oxide composition range corresponds with Spinel phase composition at molten steel temperature. And the disregistry between

Spinel and TiN is very low. Therefore, it is presumed that the particles of Spinel accelerate the formation of TiN in molten steel and then an

equiaxed fine-grain structure is produced. The mechanism of Spinel dispersion in molten steel is discussed on the information of phase dia-

gram for A1,0,-MgO-TiO, system and the nucleation theory. It is speculated that the spontaneous nucleation of liquid Al-Mg-Ti oxide oc-

curs due to low interfacial energy with molten steel and then the oxide droplets grow into Spinel.
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Table 1. Chemical composition of molten alloy before slag
addition. (mass%)

] Si Mn P S Cu Ni Cr Nb N
0.005 0.15 0.15 002 0001 030 0.15 165 025 0.009
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3. ER#ER
Table 212 1Z$ER D AL Ti, O, NEHE X A » 5 BFELL
7ZNEIZR T, ALEIX0.005~0.019%D&EHEIZH D, TiglT

HWVWED 0.15~0.18%, O, NixZ 1124 0.002%, 0.009% T
IFIX—E THh 5., Fig. 2i13EISBH OBEME#EE R T, &

slag 1st addition sampling 2nd addition

34kg l l ) \\1\
melting y e S S S—>
T=1873K Ll 1 [ 1
0 1 3 10 13 17 time
(min)
Contents of Al and Ti added into molten alloy.
Test 1st addition 2nd addition
No. Ti Al Ti Al
A 0.20 0.015 | 0.015 | 0.015
B 0.19 - 0.015 | 0.006
(mass%)

Fig. 1. Schematic diagram of experimental procedure.
Sample ingot is 22mm in diameter, 50 mm in
height.
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Table 2. Chemical compositions and solidification struc-
ture of ingots.

Steel Ti Al o] N Ti*N solid. structure
Al 0.174 0.015 0.0022 0.0094 0.00164 | Columnar grain
A2 0.168 0.016 0.0022 0.0096 0.00161 Columnar grain
A3 0.152 0.013 0.0022 0.0085 0.00144 | Equiaxed grain
A4 0.164 0.019 0.0022 0.0094 0.00154 | Columnar grain
B1 0.178 0.005 0.0023 0.0093 0.00166 Equiaxed grain
B2 0.169 0.007 0.0021 0.0098 0.00166 | Equiaxed grain
B3 0.149 0.010 0.0016 0.0093 0.00139 | Equiaxed grain
B4 0.155 0.013 0.0020 0.0089 0.00140 Columnar grain
(mass%)

Fig. 2. Solidification structure of ingots.
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Fig. 3. Typical BSE image and EDS chart of an inclusion
in B1 steel.
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Fig. 4. Effect of oxide composition, Mg/Al ratio, on solidi-
fication structure.
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LTRT S0, HAICETh I Mgl T BEBR DR
BIZX DAL, BE, Mg HEIE 1 massppm BL T &
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Fig. 5. Calc%lated phase diagram for Al,O,-MgQO sys-
tem.

Table 3. Planar disregistry between OFe, TiN and inclu-
sions.

Inclusions Planar disregistry (%)
(nm) with 6 Fe with TiN
TiN a=0.4244 3.9 -
MgO a=0.4211 2.8 1.1
Spinel a=0.8083 1.4 5.1
AlOs  a=0.4759 16.1 11.7
¢=1.2991
(a 2=0.2866nm)
4. EE
4.1 BHEEYME

AT, NEICTTIN A SOEEREY EeRtie 2 s
BOBERKZE T 51213, A% TINOSEELAFE ST
kv, 22T, Bramfit'OR KK 5 Ve HBPDEmE LT
BB, 5, SHOBEEITET B8, SRE DR
AEABEIANSOVKTABRICEATLII LA TH S
LEEIICSRLTVWS, JThEERRIC, TN & &ERR{LY
LOMESTREAEIZDOWTEE L 245R % Table 3128
Spinel ® MgO i3 TiN & DS AR AE BIERIT/N SO
HLU, ALO,EDZhiIZKE WV, LA > TSpinel ®
MgO DAL 713 TiN D gt & (RS 2 DA & #%
THHURENID S, KEBROEH TIEIMgOIZ DWW\ THE
BArxh T, Bk & $ Spinel 23 TiN D gl & {2
FT57-%, PEVTIETE HMAsFHAHMLFO N
LiEEREh3,

X LIRSS E L S 8D EEMAERBEDBIRIZHE A
12, TINEEI UL 5 Spinel iZ & SEEDOREELE K % (2
T 2ERRDBETTHS, O LERIET 5720,
AMODONE % 0.003% £ TR L FIRROBREERE1T > 72,
ZOFER, Fig. 6128 T & 5 121K N Spinel 7 A 16%Cr—
0.16%Ti 8 13 S5 dil S4B [El U 2 A > 7=, Spinel A% % il & € [

709 I



I 710

$% & 48 Tetsu-to-Hagané Vol. 87 (2001) No. 11

0.0027%N

0.0074%N

0.0100%N

Fig. 6. Effect of N content on solidification structure of 16%Cr—0.15%Ti steel included Spinel particles, where spinel means in-

clusion with 0.3 to 0.5 Mg/Al mass ratio by EDS.
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AG*=(16/37I)O’3/AGV2 ......................................... (1)

32

(1/3)Tio T i 02
/3

1627°C

\
Al,rios + Liq.
\
X/

\RAITIOS
ApTiOg + Crn
+ lq.
\ Cm + Uq.

Crn

: ===\ ALO,
20 40 60 Spl Spi 3 Cm 100

Mol % (1/5)Al03

MgO .

Q
(1/2)Mg0

Fig. 7. Calculated phase diagram for the Al,0,—MgO-
TiO, system at 1627°C."”

Table 4. Calculated supersaturation degree S* for homoge-
neous nucleation.

Inclusions | V(m’/g-atom) | o (N/m) S
TiN 0.58 X 10° 0.3 1.23
TiO (/iq.) 0.55 X 10° 0.1 1.04
MgO 0.56 X 10° 1.6 11.3
Spinel 0.57 X 10° 23 70.1
Al203 0.52 X 10° 2.3 48.3

Al-Mg-Ti-oxide | 0.57 X 10° 0.1 1.04

(liq.) (estimated) | (estimated)

V is the volume of inclusions per gram-atom.
0 s the interfacial energy between inclusion and liquid Fe.

I=A exp(_AG*/kY') ............................................. (2 )

ZZT, ol -BRItPBOREEAHRT I LE—~ | AGY
BB ERIZE S REEHRT AL X -2k, IRy
v UER, AZHEEBRTY, T3B#EETH 5, HERHE
BEIR1DHAED AGv* I & O AGv* 12X IR T 5 HE B AT
& s* L ORI RATREN B,

AGV*=—2.7(0*/kT-10g A)2=—(RT/V)ln §* +++++sesesenee: (3)

ZZT, VIRBtMO S AR HRETH B, ADfEE L
TI0M AT, ERFAERFIE S* #5318 L 72, Table 412



TigHE7 x4 FRRAT L ZAFOBEFERERIC RITTBILYHEROBE

Fig. 8. SEM micrograph and Auger electron images of an inclusion in B2 steel. (a) Schematic view.
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Fig. 10. Schematic illustration of equiaxed crystals solidi-
fication in 16% Cr ferritic stainless steel assisted

by inclusions.
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