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In-situ Observation of Ferrite Plate Formation in Low Carbon Steel during Continuous Cooling Process

Nobuaki OKU, Kentaro ASAKURA, Junya INOUE and Toshihiko KOSEKI

Synopsis : /n-situ observation of austenite-to-ferrite transformation in low carbon steel was conducted with a laser scanning confocal microscope. De-

velopment and kinetics of ferrite plates during continuous cooling process were studied. It was in-situ observed that the ferrite plates nucleat-

ed at either austenite grain boundary or allotriomorphic ferrite, and grew with keeping the Kurdjumov—Sachs orientation relationship with

prior austenite. Surface relief was induced by the formation of ferrite plate. When the ferrite plate nucleated at pre-existing grain boundary

ferrite, gradual change in growth direction by the sympathetic nucleation was confirmed both by the observation and EBSP analysis. Temper-

ature dependency of the observed growth rates of the plates was in a good agreement with the Zener—Hillert model, which indicates the

growth is controlled by the diffusion of carbon.
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Table 1. Chemical compositions of the steel used (mass%).

C Si Mn P S Al N (6]
0.15 0.25

1.44 0.010 0.0019 0.030 0.0034 <0.0010
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Fig. 1. Schematic diagram of high temperature laser mi-
croscope system.

i (@)

EHOTREMIL 720 a D &5 7 {713 EBSP (Electron Back
Scatter Pattern) & F U Tl U 7z, 2EE I3 FE-SEM  ((#%)
H oz 885y %4 S-4200) , TSL £k % ¢ OIM (Orientation
Imaging Microscopy) & fit >, Scan L 725 — % % OIM Analy-
sis ver 4.5 TV 7 b A FTOTIAT L 72,

3. RRHBREEE

31 71514 b7 L—FOREERE

U HIGRIE 5°C/s THHIL 72 & % D 750°C K UF 687°C I &5
5 L —F—-PEMES D % Fig. 2127% . Fig. 2(a)l2
T EHITT0°CTIE, aBERZRKI STHELY, ¢
KRNI TE 5, yRIRIZHN400umTH 5., aZhEld
T20°C I Ty R Fs K ORI —FH» S84 D | Fig. 2(b)
R RIS, y RIS TRET 2D X7,
BBFig 20) Ty RiRELUORATTI IV AELT 7 2
FAPBHBILIZ Wzl TP ALK GO 48
(& &id) TRL &=,
EOITHEMKT T2 T7 294 7L — bORRE - 1K
ENR N, 660~535°CIZk1F 5 L —+ — BAMEHE %
Fig. 31Z/R 9. 660°C TFig. 3@IZmd Lk H12, FFRAT
TV AELTT2T74 26T 254 7T L— DA
MHRONZ, E5IZFg 3M)ITRT L S12636°CHHEE T
12, BIZECZT L = POREMNEREL S Hi7=Ak 7L —
PAEYE - RETAMEFLARONS, 209D T7 254 T
L— PO HAIZE L s TWB0, szt kS
{Z Kurdjumov-Sachs (K-S)DBI{RD e 551 7 o | 453
WLTB, 4, 2022007 L — o lih(E
(REDT/RT) THEAT L — MK EHE 5. Fig 3(b)
O LA (oM T/RY) Tk, R 7o b)Y AELY
Tx74 PSR WTL - O EEH NS, &
NOEDKEETSIZILED, SHITEEAKFTS &,
Fig. 3(e) /R KD ITH72h 7L — FABIZK L, Fig. 3(d)
AT ESIRIZNC HID 7 274 7L — b R
T 5, Thold, Fig 32V THOA-E T L —
FOWIE» S HAEELZTHEL TS EIIZHA S,

Fig. 2. In-situ observation of grain boundary allotriomorph formation during the cooling at 5°C/s. The images were taken at (a)

750°C and (b) 687°C.
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Fig. 3. In-situ observation of ferrite plate development
during the cooling. Images are taken at (a) 660°C,
(b) 636°C, (c) 633°C, (d) 625°C, (e) 615°C and (f)
535°C.
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Fig. 4. (a) Three dimensional image of surface relief. (b)
Profile along the white line shown in (a).
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Fig. 5. Change in fraction ferrite with temperature during

continuous cooling in in-situ observation and
dilatometry measurement.
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Fig. 6. (a) Ferrite plates used for the measurement of
growth rate in in-situ observation, and (b) mea-
sured growth rates plotted against growth tempera-
ture.
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Fig. 9. Growth rates of ferrite plates modified based on the
growth direction analysis using EBSP.

Fig. 7. EBSP orientation mapping for the area shown in
Fig. 3(f).
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Fig. 10. (a) EBSP orientation mapping, (b) corresponding
microstructure, and (c¢) the cumulative misorienta-
tion along the line b from a.
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Fig. 8. (a) EBSP orientation mapping of ferrite plates, and
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Fig. 11. Comparison of measured growth rates of ferrite
plates with calculated ones by Zener—Hillert
model.
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