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Grain Size Control by Oxide Dispersion in Austenitic Stainless Steel

Koji TAKANO, Ryuji NAKAO, Shigeo FUKUMOTO, Toshihiro TSUCHIYAMA and Sefsuo TAKAKI

Synopsis : The difference in the deoxidation condition between Al-Ca system and Si-Mn system was discussed in terms of grain growth behavior of an
austenitic stainless steel (Fe—17%Cr-9%Ni-3%Cu-low C, N alloy). In the steel deoxidized by Si-Mn, oxide inclusion exists as MnO--SiO,
particles in the as-cast ingot. However, once this steel is annealed at 1523K for 3.6ks, a part of MnO-SiO, particles decomposes and
MnO-Cr,0, particles are newly formed on the annealing. The particle size of MnO-Cr,0;, is about 0.2 ym span and this size is much smaller
than that of MnO-SiO, particles (about 1 um). This oxide transition from MnO-SiO, to MnO-Cr,0; is very useful for suppressing the grain
growth of recrystallized austenite grains on annealing at 1373K after 65% cold working because the reprecipitated fine oxide particles pin the

austenite grain boundary effectively. The relation between austenite grain size and oxide particles dispersion is not explained by the well-

known Zener’s relationship but done by the Doherty’s theory in which a half of particles are thought on grain boundary and play a role to pin

the grain boundary. On the other hand, in the steel deoxidized by Al-Ca, stable AL,O;—CaO particles are formed in the as-cast ingot. This

oxide is so stable that it never causes the oxide transition on annealing like that in the steel deoxidized by Si-Mn. Therefore, the grain refin-

ing through recrystallization process is never expected in the steel deoxidized by Al-Ca.

Key words: austenitic stainless steel; deoxidation; oxide; graingrowth; precipitation; grain boundary pinning.
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Fig. 1. Schematic diagram of the melting and the thermo-
mechanical treatment in SUSXM7 steels.

Table 1. Chemical composition of the steels

SUSXM?7 (mass%).

used;

C S Mn P S Ni Cr Cu Ca Al o]

A*' 001 04 07 003 00003 93 175 3 0.06 0.003

ﬂmam
[

B 001 04 07 003 00008 93 175 3 0.0003

0008 0017

*1; A was deoxidation with Al-Ca.  *2;B was deoxidation with Si-Mn.
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Fig. 2. Optical micrographs of SUSXM?7 steels deoxidized
by (a) Al-Ca (O; 30ppm) and (b) Si—-Mn (O; 40
ppm) followed by the thermo-mechanical treatment
(soaking: 1523K-3.6ks—cold working: 65%—
1373K~¢ ks). ‘ :
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Fig. 3. Change in austenite grain size and oxide particle
size in SUSXM?7 deoxidized by Al-Ca or Si-Mn,

as a function

of holding time at 1373K (soaking:

1523K-3.6 ks—cold working: 65%—1373K~f ks).
The particle size is measured by SEM of electrolyt-
ic extracted particles (>0.2 um).
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osition and size of fine oxide particles before and after the thermo-mechanical treatment in Al-Ca or Si—-
USXM7 steels (soaking:1523K~3.6 ks—cold working: 65%—1 373K-0.24 ks).
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Fig. 5. Transmission electron micrographs showing the change in size and composition of oxides during the thermo-mechanical
treatment in Si-Mn deoxidized SUSXM?7 steel (O; 40 ppm). As Cast (a), after soaking: 1523K-3.6ks (b), after 1373K—
0.24 ks (c), (d). Observed for replicas (a)—(c) and thin foil specimen (d).
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Fig. 6. Changes in distributions of oxide diameter (d) be-
fore and after soaking (1523K-3.6ks) in Si-Mn
deoxidized SUSXM?7 (O; 40 ppm).
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Fig. 7. Effect of total oxygen content on austenite grain
size after thermo-mechanical treatment in Si-Mn
deoxidized SUSXM7 steels (soaking: 1523K-3.6
ks—cold working: 65%—>1373K—-0.24 ks).
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Fig. 8. Effect of total oxygen content on the composition
and size of fine oxides after solidification in Si—-Mn
deoxidized SUSXM?7 steels.

124

5L, BALMOEHAEI L3I 8MbE T, BithE
PRASHLAAL L, U & BRI B S5t 2 AL & LAY
45551555, 20RD, NIALREORILHORE
i = BT & Tk — X 7 4 RSB R
BEhsl ok BAOND.

4, BE
4.1 REBBBHOBENAOE  IEHEE

PLEDRERE LT, Fig 9B & R D
DHEDBIR L b ISR RN Y v k) Sh B2 R
T . Al-Calliftf () RB R BRE 249 100ppm LA E & J/
Si-Mn /&AL (b) DIFAITIE, BBRAERMEIA - 2T T4
b h TR & ALO,  CaO R X MnO-Cr,0; R E& L (d=1
um)TH 5, TROEIIE, MTALME R S REICFE
LTRET37#F5DT, TheRNFIZX3aADY
ViIEDEIRIZEEL , A — 2 F F A PRUIEE L THALL
RF WV, -, BFRE A 50 ppm Al #% & K1 Si-Mn B
bt cid, BEREERC S L 72 MnO- Sio, R D ALY (d=1
um) 4, % O % 0 BULER T #5591 43 R L T MO~ Cr,0,
RE LTI 5 (d=02um). fE-> T, &R
AR VLY ShTRREREIHRIEh S, &k, Z
D &S EKBILMO SR BRHOBRRHEC 58HE L
T, OB#E A — 274 FEETIZEHTMO- S0,/
L MnO-Cr,O, REEALM DAL EH) 5 REE ON WIS 5,
@A —2FF 4 +HITOMO-Cr,0, REALH D H i T *
JUE — 2 MnO-Si0, RO Z L &k 0 KV, K EX%E
Fohd, LrLahs, A—257F4 FEHFTO
MnO-Si0,~Cr,0, RO # N1 % 7 — 4 L RiEMEIZBIT 51
HIZIFLAERWZY, G BERARSRORETH
A5, WThitgk, A—27F74 PRAT VLV AMICE
W, BERERIO S & RTINS & B o R & iR
Fik, BRI, BEE SN TAMLEE S X O HiET 5
Zeid, WERERAEMHET S ETHERICHELMRTE
%,

4.2 WELZBEYICLIHFLED IEHRHREOFME

KIFR THO - SBEEEMIZIE, BRI T b 28D
PISHIZ CaS e MnSH DR e G h 52, BRithOR
ICHARB LD THMETH B2 (1053D1ET), KF
AFICEVIED LT3 5ERFIIRIMTHE L L EA T
vy, BILMOBRMZERRMREIRET 546, Bk
Y15 ALO,-CaO D Al-CaiiEEM (FERIRE 5 30ppm) T
SYEOR A O R E S 1349 0.0002, BR (LA MnO- SiO,
(MnO-Cr,0,)® Si-Mn it (FEFREEE ; 50 ppm) TiXor
BRI ¥ OEESE ; 138900003 REE 52 A TE
%, %k, ALO, CaODEE I3 g/em® & L7z, (1)RKD
Zener DFER "DIZEEDIHE, £5%90.0003 DIEIZH 10 um D
REAE G (D) EFB IR TFE . d23890.01 umD



F =274 FRAT VL ZDOBACHO 5 A FIR L 2= ik g

5 . L) Thermo-mechanical
Deoxidation | Solidification ‘ annealing ) he;::tr:::t anica
Ca0-ALO Ca0-ALO Grain boundary
a0 a0
@Z1gm dZ1um) Ca0-ALO,
(d=1um)
(a) Al-Ca ‘ ‘
(Stable)
MnO'Cr203 MnO-Cr.O M
> 273 nO-Cr,0
() Si-Mn (d=214m) @21 gm) @1 gm)
(0>100ppm) . ‘ ‘
Fig. 9. Schematic illustration showing the
(Stable) change in size and composition of
oxides during the thermo-mechani-
e b 8 B
. ; —Mn 2100ppm), (c) Si-Mn
. mn_c-)O C2>r203) (rain boundary (O=50ppm) deoxidized austenite
(c) ii_Mn m"__(_) ;S;;Or:) =0.24m Ee’aking stainless steels.
(0=50ppm) A MnO-Cr,0, .
A (d=0.2 t m) Pinning
(disappearance
(Unstable) and precipitation)
SR T HABEL &S,
R ;mean grain radius
Zener DRERESRITE ; D=4d/3 frorereeeanianniieiae, (1) Rc;mean grain boundary radius of curvature
. . . . °
L LEHE, KIFROBERRE MK Si-Mn BiERI O d
BE, WFEASR02umATHRO 5 HN T (P ) . *
LABREINTES Y, Zener DHEGRIIKI LAy, 63k,
ik HEEHRE LT, ZenerDEFILEBIEL =0 D
. et an . °
O T2ORREINTNS, ThoDBIEHEZRIZ, &5 .
KR LICHFET 3 50BN FOFEHREOBE» S BRET X ° .

e DHEL, KHFETEAREBS, S Zener DB G %
REBEL 7%, Figl0id, BN TFAREICI VXL LT
VW5 Zener AR DB A (a), BIWIEL A L DFECRT HIK
REIZH BBA ) I2b 5 PIEREKOLE ; R D2) L
KRR ROFHE LR . R OBRET Y. ZenerEFHD
REDTTF, MERRIERIEHGRTH D, FHik

RO TFHHE LR A B SR DR E L —5T 5, LaL,

FERIZIE, FESRR OB LR L FHR RN OLEL
B—HLTHE567, BESRIETER TFOSMmICKE XN
THA GBIRTREL TS, 20720, FEKTIRE Y
IEDRTE L TH MR THENA LICHFET S X512k
3LELOND, FIIE CIIAEOR TORBESESIEREIC
INEWDT, ZOMEEPEL ML BEELEIONS,
Doherty 5 i3, ZOHIZHEH L TN o8& SR L
IChBMEE, gTHETSEVSIEZ THEHEGZIEAL
7z,

D=2d/(Bf)*s

125

(b)Real microstructure

(a)Zener’s model

Fig. 10. Schematic illustration showing the particle disper-
sion in Zener’s model (a) and real microstructure

(b).
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Fig. 11. Relation between the volume fraction of particles
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