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Analysis of Intragranular Ferrite Transformation with FIB-TEM Method
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Fig.1 Observation and fabrication method with FIB
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Fig.2 Preparation of thin foil specimens with FIB. SIM images
of (a) intragranular ferrite (IGF) grains nucleated on an
inclusion, (b) the specimen picked up on a substrate and
(c) the thinned specimen observed from lateral side

76 |

26

WERI N, ZOMEKTT 274 MERELR T 532115
W TdH 5, FIB-TEM ¥4 W5 Z & T Mn R Z @0 FEE
IZFET B Z A2 THE ML =MHlE L P ISR,

(1) Al203+ TiN + MnS EE® Mn X Z 8

AR Ti 708 <3, ALER{E#1 TiN, MnS 288447
U 720 1E9 708 IGF DR A M L5 Z e DBlEEh T
W3 B Fig.3ald, AlBEER Ti 7N % 1400°C (2 N # ik,
1100°C T 100s ® MnS M UEE % Jifi L. 550°C T RE X ¥ 7=
Sz B T, IGF ALY A &> T B EM % SEM
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nucleated on an

Fig.3 Intragranular ferrite (IGF) grains
inclusion in Al-killed Ti added steel annealed at 1100°C
for 100s.

(a) SEM and (b) TEM images
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Fig.4 Mn profile in steel adjacent to MnS in Fig.3
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Fig.5 An inclusion in Ti-killed steel.
(a) SEM and (b) TEM images
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Fig.6 Mn profile in steel adjacent to (Ti, Mn) oxide in Fig.5
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Fig.7 IGF grains nucleated on an inclusion in Ti-killed steel.
(a) SEM and (b) TEM images
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Fig.8 Mn profile in steel adjacent to (Ti, Mn) oxide in Fig.7
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(Ti, Mn) oxide + TiN as nucleation site of IGF.
(a) TEM bright field image.
(b)—(f) EDS elemental mapping of Fe, Mn, O, Ti, S.
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Fig.10 Heating stage for in situ SIM observation

78 |

10 % GGHIN 1. C % % FIB AVRBGIANTHE & U T & 5E 4
LT\ e, ZOM%, SEilFPRHENT O 778 T8 FIB iAW &
NB X S720, [H 7 370 v o REe TREE O BFM R
iz fH - THAEIN T &Z % ] £\ 5 FIB O RTE, o
FLREARITIC F SIS BELRETH D ZEBHE NI B> TE
7z FRZ, RINT =74 FOBHTICIImD THRITH D, #%
AR A FOTEMIC &K 278 RT3 ATREIC 25 5 7217 T <,
ZREZ DR TRE L TRAHTE 5, KFSTIEZ DOH]
IO —E A FEIT L 72 h, 5% & 512 FIB-TEM 23 &
. KNT = 74 MERBDE RGN AHER, X 5 = X LR
12Dk 5 LML T3,

SEXM

1) &WRIET, DEW], MK, SA0F: ke, 61
(1975) , 2589.

2) MSRESSE, R, BRI =, AJINER, BRI
IIRFREZ © gk, 63 (1977) , 303.

3) T4E i, MG, SHfEES:
£, WM-1057-85 (1985)

4) M.Imagunbai, R.Chijiiwa, N.Aikawa, M.Nagumo,
H.Homma, S.Matsuda and H.Mimura : 7 Int. Conf. On
Offshore Mechanics and Arctic Engineering, 5 (1988) ,
165.

5) RALKE, EMIEH, ARAZ, WAL, HMHEIE— 5
H &k, 327 (1987) , 9.

6) R.Chijiiwa, H.Tamahiro, M.Hirai, S.Matsuda and
H.Mimura : Welding Research (2003) , 371.

7) WIARREYG © 52 5, 14 (2009) , 472.

8) KIFHER © 52 H4r, 14 (2009) , 524.

9) AIEA : 52 5%, 14 (2009) , 587.

BRASEERZE

10) dE ) EARERS © 5z 530, 14 (2009) , 650.
W EHEITT—, MILB®E, EEE ., MG, SHsE

Ui BkLH, 87 (2001) 2,93.
12) EHIC—, LG, MG, PRI - CAMPIST,
12 (1999) , 534.

t=0s 10s 3

Fig.11 /n situ SIM observation of the phase transformation
around an inclusion

28



13)EPEIL—~, MLER, REVZ, GRS, heid, 52
BRIFRR —., SERCF, 1 ¢ CAMP-IST], 16 (2003) ,
1532.

14) FIshikawa, T.Takahashi and T.Ochi : Met.Mat.Trans.A,
25A (1994) , 929

15) G.Miyamoto, T.Shinyoshi, J.Yamaguchi, T.Furuhara,
T.Maki, R.Uemori : Scr.Mat.48 (2003) , 371.

16) Sl A AEDNZ K B 2R L AR O TG, H ARG b 2 AR
DRk LR 2 Srh I EIC & 22 R8 LRk O Hil
WH2E7 + — 7 2SSl E R X % fAk e A1
B ORI 2, (1998)

17) @, ZEABUR, SAKRE—, WA & 1M
#, 32 (1997) , 33.

18) M2l T - J B, 37 (2002) , 167.

19) K.Yamamoto, S.Matsuda, T.Haze, R.Chijiiwa and
H.Mimura : ASTM STP, 1042 (1989) , 266.

20)J.Takamura and S.Mizoguchi : Proc.6™ Int. Iron and
Steel Congress, Nagoya, 1 (1990) , 591.

21) INARIA—, RNk, @ — gk, 79 (1993) ,

29

FIB-TEM &L BRA 7 51 N E BB D BT

1169.

22) b S AEMINC X 2 MR O M BRI O BUIR & ilfE % 7 = X
LOREE, HARSKE 2=, HA Sk 5 2 S 2
#hil v T AR R S K B LA & A4 oD iR E 2 2
(1995)

23) ERE R ., REARRENG, A, EHES, HEOC
—  CAMP-ISIJ, 12 (1999) , 1293.

24) WEMZ, Hrhwe—, SRR ., MRS, TP
5, EHIC— : CAMP-ISIJ, 16 (2003) , 1530.

25) EHUL—, ILEE, WEWE, BERY, Fed,
ARG, EECT, 1L © CAMP-ISI], 16 (2003) ,
1532.

26) IR, s, $IHYy, SEHIC—-  CAMPISI), 16
(2003) , 1531.

27) G.Shigesato and M.Sugiyama : J.Electron Microscopy
51 (2002) , 359.

(2009 412 A 7 H3ZH)






