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ABSTRACT  Directional solidification method was used to simulate the precipitation of Ti-O
inclusions in the sample prepared by pure Fe and Ti-Fe alloy as solute enrichment among secondary
dendrites, and the effects of cooling rate on the size, number and distribution of the inclusions were
investigated, furthermore the coupled model describing the relationship of microsegregation and Ti-O
inclusion precipitation during solidification of liquid steel has been verified. The experimental results
indicate that the inclusion size was reduced, the number increased and the distribution was more
homogeneous when cooling rate was enhanced. When the cooling rates were 10, 100 and 200 K /min, the
average diameters of inclusions were 1.87, 1.09 and 0.82 um, and the numbers were 0.31x10%, 1.98 x 10*
and 3.27x10% mm™3, repectively. It has been proved that superfine inclusions can be precipitated
during solidification by solute enrichment.

KEY WORDS directional solidification, superfine inclusion of Ti-O, cooling rate, coupled model,

microsegregation

Wb EEREAMBEBREANREEY U0 & DURSERE SRR, UHERERRE RN EZ

i, U\ﬁaﬁz%’%ﬁ:éﬂ REEEAERESR . HAT, SRR+

EEIREAGENX (HAZ) PR IAAA s E R L
TR aEHAME U0 — BB RS, A, &

*EEERNEEEHITE 50334050
WCEIBIRT H A 2006-09-11, de @2k H i1 - 2007-01-16
fEEMAN - ERMH, 5, 1981 44, @it

Ti-O # ez (<3 pm) BANMEPRER IKME K
D, ([ERXTFRMILNIFB R THN B,
BHOAHEFEFRETE, G R E R o
P, (B AT AIEIESRIESE. AT AR 0718 gy
IR E, Skadeds A gy TR I T AR P O R A1
Ti-O e b AAYHE B, FEOIRE BT B V%R R



596 & &

¢ A3

Fref LA s 4 e ). St HorER b, A SCRHE M
e, FETHHIBEEN Ti-O 3347 H A .
1 X-HE

LB 99.99% Byl A iggR (R E
(10%) %. 065,85 P 3, N5 Mn1,Si <4, Cu
1, H 2, Sn <1) f1gk#: (Ti 40, Fe 59, Al 1, mass frac-
tion, %). AT HHHERISREIMA L, R ARAEYAE
H A PR m AR ER R k. O T IRIE S 22 b
AR, BIREBERAT 101070 S PRI TSR, %
R o A1 FREK N Sl THT B kB 1

SR I A EH R U B (GP30CWT-2) [ HZS &
BTN E SRR E EMV B S S50 & 4. 4
IRE LSRRI Y 296 pm/s, ASE F Y 50 mm/s,
KA B A Pt-Rh frsER B 515501 8 s R IR
I B AN 45 it BT AH X R Y 8 BT .

ALBEFAFTIOABLE 28 ¢ 1§y S s Pohcn
BRBRAT LUK R R B BT TS AL BLIE Ml 48 101075, HEp
HYRAFETSANEHIRS, BIEZREFES
FERFR R RS, SEREFETFEEBT &8 niE
1873 K /F{#i 10 min BHRILAS Y, B THiRE
DA 4 B A S R 2 40 mm JEWEE.

P B 8 mm | & 60 mm(F¥% 40 mm A 5E )
BEEHY, 5 20 mm AHWEHNA), RHEH 1% H
BRI 1, 600 BIEE T P ANREE B Ve 58 1) B2
. M2 BasEmax Ti-O e%dt. R~Hag
A, R A RIS (A R R R I S 2 i 43 8%

B 2

HEMR. e R (8 1) 8R%kiss Rt %)
g Ti 20.69, O 30.89, Al 1.70, Fe 46.72. Ti/O Ji-¥
ok 2 0 3(Fe REEHTH, Al dH 5k, M
a4 Ti,05, X 53CHk [15—17) —20
2 SERERXITE

B 2a—c BEARFEGET Ti-O 4 AeME,
MR LR R E S E IR, el R/, Bhii 2,
A RS [E 2d—f BAERE T #A Ti-0 gy
SEM JESH, Al AF HEREEE S Ti-O J2y
¥4 D BRI 2y, S TSR R GB18876
TREXIEE, BIFEEERIVIH, 1. R IE 20 i~
% BB R B MG o BT G T RO, R4t

fEdEER A, B ERFERS R aY), X
VLR A ATV e Zx it i R S R RTEERY. B 3 &

Intensity, a.u.

Energy, keV

B 1 Ti-O kiiaeidm
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Fig.2 Metallographs (a—c) and typical SEM morphologies (d-—f) of Ti-O inclusions at cooling rates of 10 K/min

(a, d), 100 K/min (b, e), 200 K/min (c, f)



% 6 34 FIESE - B T Ti-O WA M 8 5L e 597
ool ] =,
3 200 K/min
e
E 600
2

S
E\\:\ o

0
<1.0 1.0—15 1520 20-25 >2.5
Size range of inclusion, um

B 3 REMHBEET Ti-O RIEMFEIIART97

Fig.3 Distributions of quantity and size of Ti—O inclusions

at different cooling rates
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Fig.4 A schematic diagram of the calculation domain of

interdendritic solidification
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Fig.5 Effect of cooling rate on Ti—O inclusions number
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Fig.6 Effect of cooling rate on average diameter of Ti-O

inclusions
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Fig.7 The maximal size of inclusion at different cooling

rates calculated by the coupled mode]l1418]
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