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Microscopic Observation of Inclusions Related to Microstructure Evolution in Low Carbon Steel Ti—B Weld Metal

Tomonori Y AMADA, Hidenori TERASAKI and Yu-ich KoMizo

Synopsis : Microstructures of low carbon submerged arc weld metals of a Ti-B system with different aluminum contents were analyzed. The inclusions
contributing to formation of acicular ferrite were directly sliced into thin foils and crystallographic analyses were performed.

In the sample with low Al/O ratio (0.48-0.73), acicular ferrite microstructure was observed. Meanwhile, bainite microstructure was ob-
served in the specimen with an Al/O ratio of 1.52. The inclusions contributing to formation of acicular ferrite were surrounded by a narrow
Ti-enriched zone which was analyzed as TiO. The Baker—Nutting orientation relationship was satisfied between the TiO and acicular ferrite.
It was supposed that the TiO on the inclusion surface contributes to the heterogeneous nucleation of acicular ferrite supplying low interface

energy.
Key words : weld metal; acicular ferrite; nucleation; TiO; lattice misfit.
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Table 1. Chemical compositions of weld metals used, mass%.
c Si Mn Al Ti B o N
Yt | 0090 | 035 1.72 0022 0014 0.0035 0.046 0.0042
Y2 | 0085 | 037 1.75 0.035 0015 0.0040 0048 00041
Y3 0.086 0.39 1.81 0.073 0.013 0.0040 0.048 0.0035
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Fig. 2. Transmission electron microscopy analysis and images (EDS) for inclusion in Y1 (Al/O=0.48, reheated), Y2 (Al/0=0.73,

reheated) and Y3 (Al/O=1.52, reheated).”
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Fig. 4. Transmission electron microscopy analysis and images (EDS) for inclusion in Y2 (Al/O=0.73, as-welded).
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Fig. 5. EDS analysis at inclusion surface in Y1 (Al/O=0.48, reheated).
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Fig. 6. EDS analysis at inclusion surface in Y1 (Al/O=0.48, as-welded).



Ti-B RIKKFMEHE EBOMBMERIZB G L 722 i EE O BI85

srgegessraseseicateitcntatom - .- - —
@) i{b) y F ey ,
£ El e :LETT 1
; $3F : S S CCEE L
] P8 Py 2gf W
g T EVENL o
€ . £ : £ Lt o
5 3 g H g “m M cLuA. 1
0 2 4 [] 8 10) ¢ M l 0 2 4 6 8 10I
Energy (keV) s M | Energy (keV)
---------------------------- . WSS WeSE wes e Sem ows e el

Fig. 7. EDS analysis at inclusion surface in Y2 (Al/O=0.73, reheated).
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Fig. 9. Bright field image and selected area diffraction pat-
tern at inclusion/ferrite interface in Y1 (Al/O=
0.48, reheated): ‘B’ indicates zone axis.
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Fig. 10. Bright field image and selected area diffraction
pattern at inclusion/ferrite interface in Y1 (Al/O=
0.48, as-welded): ‘B’ indicates zone axis.

WA ZIND L0 S BUEES ST, XM 4 DA
PEEINLYIMONTERNTH 5 AL,0,6 7> F 27—
T4 MEREZRETSEEZELONDZLr6, ABR
EHATAZENUREL 57219, DIEXD, RFEERRER
DU ISR BANHPRLETH 5,

Y2MIZR 57 MnALO, DB D D TiZH MM Ti-0HR T

69 I



I 70

$ 4@ Tetsu-to-Hagané Vol. 95 (2009) No. 1

HEDIIHERTE DN, ZOMBEELHEEAL, TD
R RS 5 DR SBROMERETSH 5,

4, £

RIREERAESHY T~ — V7 — Y BHERBIC BV TR
ENBRNEMET L F 25 —-7 1254 bOBEHRETEMIC
L EMICEEL -,

AR THRLNZHRIZLIFTOBED TH B,

(1) 7¥*295—7x74 MBERL R ICTLA
L2=drfEid, BEM, BHEzELE7ELT 7 X,
MnALO,, MnSZE E M 5K 2 A, WThDRMEIZE K+
nmDEEDTi EHEMEPBR S Nz,

(2) TiIZHEHITINTIEZALTIOTH 5 Z & HHERT
X7,

(3) ZODTiOE 7 = 74 I B2 Baker—Nutting D /5 fif
BRI B - 7=,

(4) TIOE 7 z54 MEDOARBLEEIL30%THY, 7
VFaT—-7 x4 MERIZEZBTWEEELILH
5,

AWMEDEDS iz BT, KIRAFEEEE M
By — HORXRKIZEZ KL 3@ HEEVNE, K
AL DIZH DR EHBEBRL LT T,

70

10)
11

12)
13)

14)
15)

16)

17)
18)

X £

E.Levine and D.C.Hill: Metall. Trans. A, 8A (1977), 1453.

C.L.Choi and D.C.Hill: Weld. J, 57 (1978), 232s.

N.Mori, H.Homma, S.Okita and M.Wakabayashi: J. Jpn. Weld. Soc.,
50 (1981), 174.

Y.Ito, M.Nakanishi and Y.Komizo: J Jpn. Weld. Soc., 50 (1981),
1211.

G.Thewlis: Mater. Sci. Technol., 10 (1994), 110.

H.Terasaki and Y.Komizo: Sci. Technol. Weld. Joining, 11 (2006),
561.

T.Yamada, H.Terasaki and Y.Komizo: Q. J Jpn. Weld. Soc., 25
(2007), 514.

A.RMills, G.Thewlis and J.A.Whiteman: Mater. Sci. Technol., 3
(1987), 1051.

H.Terasaki, T.Yamada and Y.Komizo: Mater. Sci. Forum, 580-582
(2008), 33.

T.Yamada, H.Terasaki and Y.Komizo: Q. J Jpn. Weld. Soc., 25
(2007), 416.

S.Kanazawa, A.Nakashima, K.Okamoto and K.Kanaya: Tetsu-to-
Hagané, 61 (1975), 2589.

S.Matsuda and H.Kageyama: Tetsu-to-Hagané, 62 (1976), 1356.
S.Zhang, N.Hattori, M.Enomoto and T.Tarui: ISLJ Int., 36 (1996),
1301.

M.Mizuno, I. Tanaka and H.Adachi: Acta Mater., 46 (1998), 1637.
JM.Gregg and H.K.D.H.Bhadeshia: Acta Metall. Mater., 42 (1994),
3321.

S.Aihara, G.Shigesato, M.Sugiyama and R.Uemori: Nippon Steel
Tech. Rep., 381 (2004), 39.

Y.Oya, T.Yoshikawa and K.Morita: Tetsu-to-Hagané, 93 (2007), 769.
Use of Fine Inclusions in Microstructure Control of Steels, Final Re-
port of Research Comm. of Fine Inclusions, IS1J, Tokyo, (1995).



