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Inclusions in Steel

PEAIEAN

FKIRKR LA~ 77 VTR
B

Masato Enomoto

1> BLBIC

WERBE LA FHA N 247D —1CB¥ 2 HmE#EHO
12&LT, RiLDAA MLEGZ 6Nz, k5 F 1§k
T2 OFERENFZE2 T [ I & Lk & M B il O B
IREHIE A 7 = 2 LORRGE | &S RO R W FRE L,
PRii 8 tE DT L MAEMIRI DTG &AL 72, F72. PN
BRIRETMCK > TRNAREEF 22 I — ML, i fE
MIDEREEIEHE, &5 PRI 2R A2 MET L7220, 2D
MEZIEZO%RKFORBEMA T, [Sh A EWIC k5%
REL LD HIlEE ] & T 20987 » — 7 si25| &Mk,
BEIZ & > TREEMEA R T2, JEEB %
BRI YA BRI DA REREREA & U TR L, /LA b5
FalfdES T 2 < DL AADbI, LE 2 —GiHEsn<D
PHEXN TSP,

MRZTOMAORER, EHEHKRM, JEFE hiRE
G, MRS P IT, EER W & T AN A F R
ENTWBZEMHMLZ, FIHOHMIE, ¥ ikozhRic
&BA—=ZF7F A (7) RBEOMEL KN7 274 b (a)
ZEHE R P AR AL DI I K AR E T H 5, 2D 5
BRREZEOWHENZ., Zener DFlGHE TN SIREL 24K D
BERIZE - T WIEBR OIS AT 0, ZhuxiL,
TAE % ZERER PG O R A AR 3 2 72D ICFIHL & 5
L¥al, NAEHEIBRONTOAENEEINETH S,
Ti KRB0 F o FACAMD k512, R O LS
HDBEDENTNEEDEHE0, LLOENIZEHb6
P AT LBFEEIED LR TOEy, ZOEEKO 11H
&2 HTIE, AR (HAZ) oML Hib &
LT, TiBAt, TRV AEDZE M. Ca. Mn b3 WEAH
+HH (REM) Oy, o RR2MEW. BLOZThoo
BARAEORI IR AR Xz 02, ZOfdid, Rk
ZREDRERIA COBURD IR 2L 728 DT H 5.

21

2> HATISA ROEILT+OY—

KN T = 7 4 MR e &2 IO e & 512
LT3 {0 (ferrite idiomorph,. & % & intragranular
ferrite -IGF- &I 3) &, L — 1, W LEKRDE D
(intragranular ferrite plate -IFP-) 7' & 5. Fig.1 i Fe-
0.09C-1.48Mn-0.2Si (0.011S, 0.05V, ¥ K U° 0.0066N % &
) A4 % 1250°C T 10min 4 — 2 7+ 4 MEk, 640°C T 40s
PRHF L 72BN BT MnSISRNRFEAE L 72 IGF D2 )
ThYs Y 3= KB 3RICAKENE TH 5, MnS (Hh
7L —Difs) ORMIIIEVNAHHL ThBLEz26h
575, ARG K DA AR L2720, VNIZR S Z
ENRTELO, WIEOED, 7274 PROHITITRHR 2 H
EANI=DT, EBSD THNME AT 7GR, 207275

Fig.1 Three dimensional reconstruction of serial sectioning
images of a ferrite particle nucleated at the
intragranular inclusion, MnS plus VN (buried in
the particle), in an Fe-0.09C-1.48Mn-0.2Si alloy
austenitized at 1250°C for 10 min, and isothermally
reacted at 640C for 40s. The ferrite particle consists
of six subgrains ~®, two of them not visible from
this angle™
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Fig.2 Three-dimensional

reconstruction
plates in a low carbon steel weld. The base steel

image of ferrite

plate was SM490. The inclusion, probably titanium
oxide (not visible) , was observed at the intersection
of plates. The plates, the broad faces being parallel
to{111}y, grew along {110)y directions''®
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Fig.3 Nucleation potency of inclusions evaluated from the
number of intragranularly nucleated ferrite particles
per unit interfacial area of inclusions. Both the
particle number and interfacial area were measured
in the polished specimen surfaces”
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Fig.4 Variation of intragranular ferrite particle number
with cooling rate in steel with titanium oxides
(and nitrides) and in Ti-deoxidized steel. Dy is the

austenite grain size"
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Fig.6 Mn concentration profile near the MnS particle
observed in HAZ of a low carbon steel weld. The
steel was cast and cooled at 2C/s down to 900C,
and then quenched without holding (T=0s), and with
holding at the same temperature for 2,400s2"
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Fig.7 Interfacial energy of inclusions with « and Y iron
matrix, calculated varying the combination of parallel
axes between the inclusion and the matrix. The
interfacial energy was calculated from the lattice
misfit using van der Merwe equation”
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Fig.8 Relative interfacial energy plotted against lattice
parameter ratio (LPR) for NaCl-type compounds,
Baker-Nutting (B-N) oriented with the « -iron matrix,
and relative interfacial energy of Kurdjumov-Saches
(K-S) oriented ferrite and austenite®?
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Table 1 Thermal expansion of inclusions and precipitates

Inclusion or o
precipitate & WG Ref.
NbC 6.2 39)
TiN 9.3 39)
Mn$S 17.4 1), p.165
ALO; 8.8 40)
Ti, O3 10.04 1), p.165
yFe 23.0 42, 43)*
aFe 1157 42, 43)

* Obtained by the present author by linear regression of data by Basinski et al*.
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