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Effect of Mn Content on Simulated HAZ Toughness of Large Heat Input Welding in Ti-Oxide Bearing Steel

Yoshio TERADA, Hiroshi TAMEHIRO and Rikio CHUIIIWA

Synopsis : The effect of Mn content on simulated heat affected zone toughness of large heat input welding in Ti-oxide bearing steel was examined. A
simulated heat affected zone microstructure is classified into four regions: i) a microstructure mainly composed of fine-grained ferrite, 1i) a
mixed microstructure composed of coarse grain boundary ferrite, ferrite sideplate and intra-granular ferrite, iii) a microstructure mainly com-
posed of intra-granular ferrite, and iv) a mixed microstructure composed of intra-granular ferrite and martensite—austenite constituent with
varying Mn content and peak temperature. The best simulated heat affected zone toughness was shown when the microstructure was mainly
composed of intra-granular ferrite in Mn content of 1.71%. The simulated HAZ toughness also had a good relationship with effective grain
size for fracture defined as a maximum thickness of grain boundary ferrite and ferrite sideplate in the range of peak temperature from 1350
to 1450°C. The simulated heat affected zone toughness began to deteriorate due to the formation of martensite-austenite constituent cven
when the microstructure was mainly composed of intra-granular ferrite in Mn content of 1.95%.

Key words : Ti—oxide bearing steel; low alloy steel; large heat input welding; simulate thermal cycle; heat affected zone; intragranular ferrite; toughness.
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Table 1. Chemical compositions of tested steels.

(mass%)

Mn P S Ti Al N O

0.76 0.001 0.003 0.011 0.001 0.0025 0.0038
0.99 0.001 0.003 0.009 0.001 0.0028 0.0035
1.22 0.001 0.003 0.011 0.001 0.0022 0.0035
1.45 0.001 0.003 0.010 0.001 0.0023 0.0033
1.71 0.001 0.003 0.009 0.001 0.0027 0.0034
1.95 0.001 0.003 0.010 0.001 0.0025 0.0030

Steel C Si
M1  0.07 0.20
M2  0.07 0.19
M3 0.07 0.20
M4 0.07 0.18
M5 0.07 0.20
M6  0.07 0.20

Table 2. Chemical compositions of oxides analyzed by
EPMA.

(mass%)
Mg S O
0.09 0.07 39.1
0.30 0.30 37.7
0.14 0.97 34.6
0.09 0.76 34.8
0.21 1.64 344
0.00 1.70 37.2

No. Ti

M1 44.0
M2 439
M3 47.0
M4 446
M5 452
M6  34.2

Mn Si Al Ca
6.7 1.69 8.00 0.37
11.4 1.43 4.45 0.51
15.6 0.07 1.58 0.03
18.0 0.16 1.57 0.04
16.5 0.17 1.69 0.13
19.2 0.03 7.67 0.01
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Fig. 1. Effect of Mn content on simulated HAZ toughness.
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Fig. 2. Relationship between prior austenite grain size and
peak temperature in simulated thermal cycle test.
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Fig. 4. Effect of Mn content on simulated HAZ micro-
structure. (PT: 1450°C)

Fig. 3. Effect of Mn content on microstructure in simulated HAZ.
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Fig. 5. Effect of Mn content on simulated HAZ micro-
structure. (PT: 1400°C)
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Fig. 6. Effect of Mn content on simulated HAZ micros-
tructure. (PT: 1350°C)
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Fig. 7. Simulated HAZ microstructure of 1.22% Mn (M3)
steel: a) PT: 1450°C and b) PT: 1350°C.
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Fig. 9. Effect of Mn content on simulated HAZ hardness.
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Fig. 10. Coarse GBF observed at cleavage fracture initia-
tion point of 1.45% Mn steel (M4) at PT1450°C:
(a) fracture surface at initiation point and b) mi-
crostructure at initiation point.
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BEOM-ADAEREWH T2 ZENERTHD, WikxA
MnEMNEETA I b otz ki, IGFAERL %
WREKHIZ 3T, Mo AL T GBF D4 & Ji| L
7 A . YRR BunER T 2 -0 8 HLd
BEEZOND, LA > CTiEEMIL, IGFAERL &
WHERSH L 0 S BRIF A KRS AR MnERE &
TN, ERHLD HAZEMA#BAS Z &< GH
LA aRETH B EHE L LN B,
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Ti i ER S O K AZLA M S I HAZ O Ik KT
MnEBOEEIZ DWW TR LZER, UTOME HELR
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(2) Ml A% GBF & IGF, FSP & &3, Mn DY
Mz & DKL GBF A A L, IGE AT 5 DI
WM E L, MnEA 1.71% 08 & BAT 4 HAZ 1M
AR, MnEA X HIIIT 5 & M-ADA R L THAZ
ML BIT 5,

(3) M-ADD WA GBFRFEDRKE, HXO
GBF, FSPD T K/E A TEH U 7= G 70 Sk (4% Ti i 5%
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T3,

X 73

1) R.Chijiiwa, H.Tamehiro, M.Hirai, H.Matsuda and H.Mimura: Proc.
of .7th Int. Conf. on OMAE, Houston, (1988), 165.

2) K.Yamamoto, S.Matsuda, T.Haze, R.Chijiiwa and H.Mimura: Resid-
ual and Unspecified Elements in Steels, ASTM STP 1042, ed. by
A.S.Melilli and E.G.Nisbett, American Society for Testing and Mate-
rials, Philadelphia, (1989), 266.

3) K.Yamamoto, T.Hasegawa and J.Takamura: Tetsu-to-Hagané, 79
(1993),41.

4) R.Uemori, S.Aihara, H.Mabuchi, N.Maruyama and Y.Terada:
CAMP-ISLJ, 8 (1995), 1498.

5) G.Shigesato, M.Sugiyama, R.Uemori and Y.Terada: CAMP-ISIJ, 12
(1999), 534.

6) K.Yokoyama, H.lshikawa and M.Nagumo:
(1997), 803.

7) K.Yokoyama, H.Ishikawa and M.Nagumo:
(1998), 740.

8) Y.Kanetsuki and M.Katsumata: Tersu-to-Hagané, 84 (1998), 109.

9) Y.Kanetsuki, E.lkeda and M.Katsumata: Tersu-to-Hagané, 84 (1998),
131.

10) WA — © BCLRE AR, (1995).

11) T.Hasegawa, T.Haze, S.Aihara and K.Okamoto: Tersu-to-Hagané, 80

(1994), 481.

H.Goto, K.Miyazawa, K.Yamaguchi, S.Ogibayashi and K.Tanaka:

Tetsu-to-Hagané, 79 (1993), 1082.

F.S.LePera, J Met., March (1980), 38.

G.Shigesato, M.Sugiyama, S.Aihara, R.Uemori and Y.Tomita: Tetsu-

to-Haganeé, 87 (2001), 93.

Y.Ohtani, S.Watanabe, Y.Kawaguchi and Y.Yamaguchi: Tetsu-to-

Hagané, 64 (1978), 2205.

Y.Komizo and Y.Fukada: Q. J. Jpn. Weld. Soc., 6 (1988), 41.

Tetsu-to-Hagané, 83

Tetsu-to-Hagane, 84

13)
14)

15)

16)



