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Effect of B on the Intra-Granular Ferrite Formation in Ti-Oxides Bearing Steels

Kohichi Yamamoro, Toshiei Hasecawa and Jin-ichi Takamura

Synopsis : The effect of B on microstructure and toughness at the heat affected zone after welding thermal cycle simulations, has
been investigated in steels containing titanium oxide particles. The titanium oxide is identified as Ti,O; with cation
vacanies, which contribute to preferential nucleation of MnS and TiN precipitates on Ti,O;. The Mn-depleted zone is
formed around Ti,Os; after the MnS precipitation.
preferential nucleation sites for intra-granular ferrite. The segragation of B at austenite grain boundaries suppresses
effectively the nucleation of grain boundary ferrite.
austenite matrix, is not affected by B addition because of B-depleted zone arisen from the diffusion of segregated B
into Ti,0s, via cation vacancies. Consequently the B addition to steels with Ti,O, promotes the formation of fine intra-
granular ferrite grains so that the heat affected zone toughness is improved even after large heat input welding.

Key words : welding ; plate ; steel for low temperature service ; vacancy ; phase transformation ; precipitation ; toughness ; oxide.
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Table 1. Chemical composition of specimens. (mass %)

Steel B C Ti O N SiMnNiCu Nb P S

#1B 0.0001 0.05 0.015 0.002 0.0032 0.1 1.5 0.3 0.6 0.010 0.004 0.004
#9B 0.0009 0.03 0.015 0.004 0.0023 0.1 1.6 0.3 0.6 0.015 0.007 0.003

42

3. RERER

3-1 MAeHERICELIZTBOEE

Ti, Okl + 2 70 S S IoARKBRER T, Fig. 1 ORT &
SUBEWIMC L b, KR o DERBIZED L, IGFOEKE
KT 5, BIHREMEE# 9 B) TI@E®EE 571.9K /s (K
ABAEBAY) T, MR AR LA ERED 6T, IGF
PELCREL, IEECIRIZO%ZED 5, Thbb,
BIRIMIIGFAER ZRAE L, KR o MOEK 2 3E T 2 700,
AFR DML R 2 b 12 6 T,
3.2 Ti,0MFAFNBIH

AEH 9 BOHI v Y ABIEZ L B L, 1673K D 6 7kt
AN L 2B TLOK T E2 i, 50D 5 % 1 {Rf2
B DRER TN e MnSH 89 L 3 150 C, Mobr it
EEAEBEI N O, R U A IS 4 >
2 (RHIEEL 9K /s) #fF5 L7124 D2, Ti,0. ko ks 3
100~300nmDMnS» i 2B S, [EEFIZ, TiNH Ti,0;,
FUEBEI N HA L 20 (Fig 7). Ti,0, ECBNYHTH
T ABHE MRS TIRVDY, ZOBNPIERL I NP BELT
MIF 2 Fig. 2 (2R T, KAEEIC L 32 BIZ DR (Fig. 2 (a)
T, BN L 72 Ti,0, DR E L » 7 b DR % MnSiz
BbN Tk b, 0% MnS & TINY #AMTH L 72 Ti,0, D
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CR #

75 K/s

1.9 K/s

Effects of B content and cooling rate (CR) on
the formation of intra-granular ferrite (IGF)
after the simulation of welding thermal
cycles. Compared to specimen #1B (a), IGF
formation is promoted in specimen #9B (b).
This tendency is more markable after slow
cooling as seen in (d) compared to (c).

Fa; ferrite allotorimorph, Fs; ferrite side plate
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Fig. 2. Electoron micrograph of extraction replica
for precipitates around Ti,Q; in specimen #
9B after cooling with 1.9K/s in the welding
thermal cycle simulation.
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Fig. 3. Diffusion of B into Ti,0; revealed by SIMS.
In specimen #9B water-quenched from
1673K, B distribution (b) is independent of
Ti,O; particles (a). In the same specimen
after cooling with 1.9K/s, B coagulation (d)
is observed at the location of Ti,O,; (¢) as
indicated by arrows in (d). The same coagu-
lation of B exists in the depth direction of
the specimen as revealed in (e) and (f).

10%¢
105;
[
4
10 E
E

fom o e e

1035 N

10%E

10!

Secondary lon Counts (aribitary unit)

. x10°
Sputtering Time (s)

Fig. 4. Depth profile examined by SIMS for ele-
ments in Ti,O, particles in specimen #9B
after cooling with 1.9 K/s. Ti,0; disappear-
ed after 3X10% sputtering.
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Fig. 5. Effect of B addition and cooling rate in the
range of 1073 to 773K during cooling from
1673K on fracture appearance transition
temperature (FATT).
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Fig. 6. Atomic ratio (O/Ti) examined by AES for
Ti,0; whose stoichimetric composition is
confirmed by electron diffraction.
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Fig. 7. Electoron micrograph of extraction replica
to reveal precipitates on Ti,0; in specimen
1B after cooling with 1. 9K7 s. MnS and TiN

precipitate on Ti,0s.
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Fig. 8. Calculated distribution of Mn concentration
in y matrix after MnS precipitation at
1073K during cooling from 1673K.
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Fig. 9. Schematic illustration of atomic model for B
atoms diffusing into cation vacancy sites in
TiO of the same nature as Ti,0;.
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Fig. 10. Distribution of B revealed by fission track
meth/od for specimen #9B after cooling with
1.9K/s.
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Fig. 11. Schematic illustration for metallurgical
phenomena around Ti,O;. MnS and TiN
precipitate on Ti,0; with cation vacancies.
The Mn-depleted zone is formed around
MnS. Diffusion of B into Ti,0; provides B-
depleted zone around Ti,0;. The BN for-
mation on MnS is not frequent.



WHRERT 5 OTIGFRELZIHIT 5 2 L Xk, BEIN
3 BIGFOAERI I NG DRBEFR L VEEI NS,

5. il

AFFFE T Ti,O: BT B~ D BE I & 5 KABUERE
#BOBBEI(HAZ) WtEm LR LA T L L b,
ZOMBEBMHEEYEM L LI, BOonIERZPUTCENT
%,

() TL,O: 2B LMBE2RMT A it v, KABE
BHROBIN o 3 BEIL LHAZBMERFE L mET 5 (Fig. 1,
Fig.5).

(2)8BDTi, O HEEDA & =L 0BT
HY (Fig.6), TDEA & L EILOFEWE, Ti,O0. %8 tE L
LEBEMOBABER CKESFET 5,

(3) 72t 2i&, Ti,0s:¥MnS, TINOEEBT WY1 F &
It B HTHY L 72 MnSi2 Ti,0s/ 1 - Min#: 8 7H BRIR 2
LT, alEROBREI= A X -2 KL, $ TiNZatk
HERDOREZANFEF — 2K S LW E Y 2 NENIGFRAER
LHEET B,

(4)Ti,0: = NET 2 HIREDORA A+ L &EILIR= Y v 2
ADBE2EZ - ZDRFANLEIRES ¥ A{EHD Y
(Fig. 3, Fig.4), y/Ti,O:RWE R L 7o BidBER: kLT
AR S N, 2 DRECFBHITL 2D Y b, BHRER
D% b k35 (Fig. 4).

(5) yRLF CRHT L 2 BIIBLF o« DEAER 2 #0151 2 7,
v/ TiL,0: R HED B Ti,0: (2l 3 1 3 12, yhINDTi, 0,
» 6 QIGFEAERRIBERMIZ X > TSI L. 2D
72 Ti,0s £ Bt OREATERIC L Y KABUEHE T30 T b ikl
ZIGFDAERHEHE 3 1, HAZEB DML EK 3 h
3, ZhiZ&»T, HAZ@RMEmLET 5,

ARWFEITEHIZY, THHCIZITCIIHT B AR (BR)
RIEBMH R HARABRTR, AT K, FEALERMHTRRT

47

R BRI,

ETiAX T4 FRCHI3RN 7274 FPEBEFIIZTBOHRE 1175 Wl

2o B UER THE TSV R 7

zu—fEREE L CEHOBERLE T,

1)
2)
3)
4)
5)

6)

7).

8)

9)

10)

11D

12)
13)
14)
15)

16)
17

18)
19)

20)
21)

X Bk

S.Kanazawa, A.Nakashima, K.Okamoto and K.Kanaya :
Trans. Iron Steel Inst. Jpn., 16 (1976), p.486

J.R.Garland and P.R.Kirwood : Metal Constr., 107 (1975),
p.275

R.Bhatti, M.E.Saggese, D.N.Hawkins and M.S.Golding :
Weld. Res. Suppl., Weld. J., 63 (1984), p.224

S.Ohkita, H.Honma, S.Tsushima and N.Mori : Australian
Weld. J., 29 (1984), p.29

A.R.Miels, G.Thewlis and J.A.-Whiteman . Mater. Sci. and
Technol., 3 (1987), p.1051

K.Itoh, H.Mimura, S.Matsuda, K.Yamamoto, Y.Ohno, Y.
Okamura and Y.Kawashima : Proc. Int. Conf. on HSLA, ed.
by J.M.Gray et al., Beijing, China, Nov., (1985), p.669, [ASM]
T.Funakoshi, T.Tanaka, S.Ueda, M.Ishikawa, N.Koshizuka
and K.Kobayashi : Trans. Iron Steel Inst. Jpn., 17 (1977), p.419
K. Yamamoto, S.Matsuda, T.Haze, R.Chijiiwa and H.
Mimura : Residual and Unspecified Elements in Steels, ed.
by A.S.Melilli and E.G.Nisbett, ASTM STP 1042, (1989),
p.266[ASTM]

J. Takamura and S.Mizoguchi . Proc. 6th Int. Iron and Steel
Congress, Nagoya, Vol.1, (1990), p.591 [ISIJ]

P.E.Busby, M.(EWarga and G.Wells: Trans. Metall. Soc.
AIME, 193 (1953), p.1463

M.Tanino, H.Komatsu and S.Funaki : Proc. 4th JIM Int.
Symp. on Grain Boundary Structure and Related Phenomena,
Minakami, Jpn., Nov., (1985), p.25 [JIM]

J.L.Pena, M.H.Farias and F. Sanchez - Sinencio : J.Electro-
chem. Soc., 129 (1982), p.94

M.Enomoto and H.I.Aaronson : Metall. Trans. A, 17 (1986),
p.1385

E.T.Turkdogan, S.Ignatowicz and J.Pearson : J.Iron Steel
Inst., 180 (1955), p.349

K.Nohara and K.Hirano : Suppl. Trans. Iron Steel Inst. Jpn.,
11 (1971), p.1267 [ISIJ]

S8.J.Wang and H.J.Grabke : Z.Metallk., 61 (1970), p.597
L.Kaufman and M.Cohen : Progress in Metal Phys.,ed. by B.
Chalmers and R.King, Vol.7, (1958), p.165 [Pergamon Press]
L.H.Van Vlack : J.Met., 191 (1951), p.251

T.H.North, H.B.Bell, A.Koukabi and I.Craig : Weld. Res.
Suppl., Weld. J., 58 (1979), p.343

W.Bollmann and H-U. Nissen : Acta Cryst., 24 (1986), p.546
M.Ueno and T.Inoue : Trans. Iron Steel Inst. Jpn., 13 (1973),
p-210



