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Investigation on Mn Distribution between Ti,O, and Austenite-iron

Yoshihiko Oya, Takeshi Y OSHIKAWA and Kazuki MORITA

Synopsis : Ti,O; inclusions in steels have notable abilities as nuclei for intragranular ferrite (IGF) formations and bring grain refinement and high

strength of steel. Most probable mechanism for the promotion of the IGF transition by Ti,O, inclusions has been suggested that those absorb

austenite stabilizing element of manganese from the steel phase and give the preferential ferrite formation from austenite due to raising its

transition temperature. In the present work, manganese partitions between Ti,O, and austenite-Fe were investigated at 1373—-1573K for un-

derstanding the manganese absorbing behavior by Ti,O, from the steel phase. It was clarified that the low titanium content of steel and the

low heating temperature are the suitable conditions for manganese absorption by Ti,O, and accordingly for IGF formations.
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Table 1. Chemical composition of the steels (mass%).
Samples C Si Mn S Ti Al
Steel A 0.005 0.02 1.0 0.001 0.003 0.006
Steel B 0.005 0.02 1.6 0.001 0.003 0.007
Steel C 0.007 0.02 32 0.002 0.003 0.007

Gas inlet tube
Mullite reaction tube

Graphite holder

Graphite rid

Alumina crucible
Sample(Ti,0;/y-Fe couple)
O,,N, getter(Ti,TiH,)

Porous alumina block

Fig. 1. Experimental apparatus mainly composed of a SiC
electric resistance furnace.

N5 THO; 12 & 2 IGFERIED 7= DIEE 255 720,
Ti,0, D MU 4 5 S Mn R Z Ré DR ZE8) % {23
5ZLEHNE L, y-FeREMRMBEIKIZH T, Tiy0y/y-Fe
D Mn 73 BLZEB O 2 5 CIZHlF THRERTFEOHFE
BT o7,

2. EBRAGE

2.1 Ti,0,/y-FeEMD Mn B0 FEf]

FEERIZH W 72850 O L F MR % Table 1IR3, A&
BHIXRD XS ICfEB U 7=, BROREBMEE (ME 99.992%) ,
7 L — 24K Mn (99.7%), & 5 TITRIIRTi (99.5%) DEF 100 g
EMEOMBKE LD EO5EAL, BMETIL I FHE
(99.5%)HIZHAT %, BRKHEMEF#HT7 LT
VEBKHTISBKICTIBAR L, FiRd 52 & TP
BRI AEEIL 2%, ISTBKECHEHMEL 200 B0
BALAEAHEL 722 D &kt L L 7=,

ZOHARE 25 1em L HF DB AP OH L, FS5Smm
WE dmmDILERT 72, ZOFUSTLO MR ATFHEL |, #i
J& 99.5% D MR Fe iy TBI L 1.5GPal THIEHE T 5 &
& TTLO, /#HEA R 2 EH L7, Ti,0,/y-FeMIRmIZE
B ERTRNE A FHEIRREICEE X B 720, ZOEAR
B & SICIEHMBUFIZ T, 7L TV FESKH 1373~1573K
THTERMRIE L 28, FFAHCED L 7 0T v K
TRE L, 22 THOWIEYF OB IX % Fig. 1128
T, TEIRIRIGHFRNE y-Fe RILEURE D % & & 12 Mn D HLEL
BA40~45um & 5B K512, ZhFN380h (1273K), 60h

56

(1373K), 20h (1473K), 4h (1573K) & L 7=,

BULE D%, Ti,0,/ 8 58 65 fE 0T 35 0 T T,
MniRE 73 & EPMA TOBAITAIEIC I DREL 22, —
B, SO THREAMEEICEL Td, BT 5 Ti,0,»
LAEU B TIORMEXBMOME L YIRS 5729, NaOH AR
B TT,0, 2 M L 7=k, BOEMERERIC TP
DFRANBETE 1TV, $5 Mn IR KO TR 2546 % Hl5E
L7,

2.2 Ti, 0 Mn DEBEHZEE

LD EERTHE S iz, Ti,0,/y-Fe D Mn 5B kb % fi#
W9 35 2 THEZTL,0,FD M) ERFRELIEET 5
728, Ti0, &R U E % & % MnTiO, & O fH 1
BT 2 HE AT 72,

MnTiO,, Ti,0, ¥R % FrE DML & % 5 & 5 FFREA
LU, 300MPail THIERANT 5 Z & TF 12mm, & 3mm
DETVy b efRlz, ZORKE 7T FFHS T 1523K
IZC2hDfERERR AT, REAWHIL 2%BEL, X
FREPTHIZ I U 72, MBPOHOREEAIT > & & 81T,
PERMFHEYIE & U T SiR (i 99.999%) % 20 mass%
AL, AEDOHEBERRDOEIE E1T - 7=,

3. XRERBIUVEE

3.1 Ti,0,/y-FeD Mn S ECEE)

Ti,Oy/y-Fe D Mn S ECDOREIZ B 1) 5 EBRGH, &5
CHZEZBRR DO Z IR O Wi HE R E IR E % Table 212787
Bk, BB O TLOMIZ DWW TIX, EPMAIZ X % Mn,
Ti, OVRE #F M & O Mn, Ti),0, ThH 5 Z & %, F7-XHRME
PrfllE (= & gELSHICFEE & BB 2 Ti,0, D AT
HDHILEMWRL TS,

Ti,O, /#i#AFE £, 1373KIC CERARRE L 28 c-7
DWAE R D SEM 1% 35 & U Fe, Mn, Ti & ICERDRHE X S
At SR % Fig. 215K o MniZ DWW T TLO, 1 T—HRIZ o6
LTWaZ @D ons, [EFEIETHREICK UEE
J7 1N D EPMAZ K % ## 55 # 22 #& 5R % Fig. 31587,
Ti,O; 1 THE Mn A% 1.6 mass% P2 T—HRICEBE SN T b
DKL, REEFEIZI T 28 H MniRE I3/ L 2 RED
32% &0 1.5%F TET LA, £28d MnBRE %I
Ti,0,/y-Fe [l L 1H T D MniRIE % 1.5% & E L 72 3EE H 4l
B ORE A E R =3 L7, ME&D, REICkIT3
8 H Mn IR DK T IZBULEE (2 Ti,0, & y-Fe D7 I G
Z&D, FFOMOATLO, AR ENZZEICKB &



Ti,O0, &4 — 27+ 4 F O Mn 2B

Table 2. Experimental conditions for distributions of Mn and Ti between Ti,O; and y-Fe.

Temperature Time MninTi,O;  Mnin y-Fe  Tiin y-Fe
No. Sample
(K) (h) (mol%) (mol%) (mol%)
A-1 Steel A 1573 4 0.22 0.5 0.023
A-7 Steel C 1573 0.09 1.96 0.293
A-8 Steel C 1573 0.68 2.95 0.012
B-4 Steel B 1473 20 0.01 1.11 0.777
B-7 Steel C 1473 20 0.26 1.15 0.063
C-4 Steel B 1373 60 0.35 0.75 0.031
C-5 Steel B 1373 60 0.81 0.58 0.006
C-6 Steel B 1373 60 0.31 0.08 0.005
C-7 Steel C 1373 60 1.6 1.42 0.012
C-8 Steel C 1373 60 0.05 1.54 0.324
C-9 Steel C 1373 60 0.59 0.98 0.006
D-1 Steel A 1273 380 0.36 0.64 0.009
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Fig. 2. EPMA microstructure observation for the Ti,O4/y-
Fe interface of the sample C7. (a) SEM image and
(b) Mn, (c) Ti and (d) Fe distributions.
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Fig. 3. Ti and Mn distributions around Ti,O,/y-Fe inter-

face of the sample C-7.
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Fig. 4. Ti and Mn distributions around Ti,O,/y-Fe inter-
face of the sample C-8.
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Fig. 5. The relationship between Ti content of y-Fe and
partition ratio of Mn between Ti,O; and y-Fe;
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Fig. 6. Ti and Mn distributions around Ti,O,/y-Fe inter-
face of the samples C-4 and E-4.
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