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Improvement in Microstructure and Toughness of Large Heat-Input
Weld Bond Due to Addition of Rare Earth Metals and Boron in High

Strength Steel

Tokushi FUNAKOSHI, Tomoo TANAKA, Syuzo UEDA,

Masaaki ISHIKAWA, Noricki KosH1zUKA, and Kunihiko KoOBAYASHI

Synopsis:

For the purpose to improve the weld bond toughness through ferrite grain refinement in 40~60 kg/mm?
tensile strength steels, the effects of various alloying elements on the grain structure and notch toughness in
the weld bond were investigated. Of the alloying elements investigated, small additions of both rare earth
metal(REM) and boron(B) were found to accelerate the formation of fine ferrite grains inside prior austenite
grains, resulting in a remarkable improvement weld bond thoughnss.

The main results obtained are summarized as follows:

(1) The optimum concentration range of REM and B are 0.020-0.0409; and 0.0020-0.0035%,, respectively.

(2) With an increase of BN content, the number of fine ferrite grains increases remarkably.

(3) The amount of BN re-precipitated during welding thermal cycle is larger in REM-B steel than in

B steel.

(4) Spherical inclusions are frequently observed in the center of ferrite grains or adjacent to them and

many of them identified as Ce,O3,S and BN.

(5) According to the observation by IMMA, the location of B*¥ —images is in good accordance with that

of both Ce*~ and N*-images.

By the use of commercial heats of REM-B steel, brittle fracture tests were conducted and good results

were obtained.
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Fig. 1.

Various thermal cycles used in the
present work.

Table 1. Chemical composition of laboratory heats (wt%).
Steel C Si Mn P S REM B N
a 0.13 0.28 1.49 0.016 0.005 — — 0.0055
b 0.12 0.26 1.48 0.014 0.004 0.027 — 0.0069
c 0.13 0.30 1.62 0.016 0.007 — 0.0026 0.0048
d 0.12 0.27 1.51 0.013 0.004 0.027 0.0023 0.0063
e 0.11 0.27 1.43 0.014 0.004 0.025 0.0015 0.0058
f 0.08 0.26 1.46 0.014 0.005 0.028 0.0026 0.0060
g 0.12 0.25 1.46 0.014 0.003 0.028 0.0033 0.0062
h 0.11 0.26 1.48 0.015 0.006 0.028 0.0040 0.0063
i 0.13 0.23 1.45 0.013 ! 0.003 0.023 0.0030 0.0014
J 0.13 0.24 1.46 0.013 0.004 0.027 0.0027 0.0039
k 0.10 0.23 1.46 | 0.012 0.003 0.026 0.0063 0.0066
I 0.13 0.25 1.44 0.013 0.004 0.022 0.0025 0.0053
m 0.10 0.24 1.47 0.012 0.004 0.024 0.0070 0.0120
n 0.11 0.24 1.47 0.012 0.00¢ 0.026 0.0028 0.0071
o 0.11 0.27 1.45 . 0.014 0.004 0.009 0.0026 0.0061
p 0.10 { 0.26 1.46 0.014 0.005 4 0.052 0.0027 0.0068

Table 2. Chemical composition and mechanical properties of industrial heat.
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L : Longitudinal, C : Transverse
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Table 3. Wclding condition.

Electrode Current Voltage Velocity Heat-input
Procedure (mmg) (A) (V) (cm /min) (k] /cm)
One side welding e g b 20 229
Electroslag welding 3.2 550 40 2.6 506*

L : Lead, T : Trail * withoui cooled shoes
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Fig. 2. Charpy transition curves of synthetic
heat-affected specimens; thermal cycle
corresponding to weld bond of 32 mm
plate with heat-input of 22.9k]J/cm.

Photo. 1. Optical micrographs of steels a and b
subjected to weld thermal cycle corre-
sponding to heat-input 299kJ/cm as
shown in Fig. 1.
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Fig. 4. Relation between austenite grain diameter
and heating temperature.
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Photo. 2. Optical micrographs of steels a, b, ¢ and d quenched at 650°C
on the way of weld thermal cycle. (see Fig. 1).
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BN and B as Fe-borocarbide, respectively.
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Photo. 3. Ferrite formed in the interiors of
austenite grains. Grobular inclusions
are observed inside ferrite grains. (a)
and (b) are optical micrographs and
(c) and (d) are electron micrographs:
(a) A indicates several ferrite grains
nucleated at an inclusion and (d) thick
arrow and thin arrow indicate an in-
clusion and a ferrite grain, respectively.

— 110 —

~“



(o

FLEXTRLBANMC X 2EENBOAABEE X v FioME: Mok d 309

Photo. 4. Distribution of Ce+, B+, and N+
revealed by IMMA.

Photo. 5. Llectron micrographs showing that
REM-oxysulfide (f) provides nuclea-
tior: site for BN (1) (replica).
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Photo. 6. BN (1) is observed adjacent ferrite

grain (1) which is formed inside
austenite grain (replica).

©
S
8 __ 0030
‘S E Slie| I
w a 0025 p vy
° ~ -“\l.‘_.._-.}_-_-..l_.-_-A
= ] :
gooo I ] 1 .
30 <
s P °
5 L W
- /| M1
g 40 7 j
m ¢
- ’ Steel n
o \ J
L \ /7,
2 \ 4
a 10 \ur
X \ / il '\
E ’
o \/ Sreel ¢
o
@ 0 =
Base Weld thermat cycle
plate 1 l I I m l 7

Fig. 7. Variation in precipitated B and REM
accompanying weld thermal cycle (see
Fig. 1); broken line, dotted line and

solid line represent REM as compound,
B as precipitates and Bj,q,;, respectively.
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V. Tiobb, REM LB ERY 1 7 v OWEIH QR
@ Binso1 BEBEFICHEMIE 5.

3.3 REM-B ZRAXARFTEAROEMSAR

100t LD-RH T CHHE L7 Table 2 o m{baesl
KD 32mm EHREFEVC, AR 229k]/cm DR TH
YT v— 07— s EERTFS XA 506k]/cm ©=x
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Fig. 8. Results of Charpy impact test of the
weldment. (Commercial steel [@]7-
present experimental steel [O] and [A].
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Fig. 9. Temperature dependence of fracture stress
obtained by deep notch tests. (Com-
mercial steel [@]7-present experimental
steel [O] and [A].
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Fig. 10. Decrease in number of ferrite particles
in austenite grains by accompanying
heat treatment on the way of thermal
cycle. (Steel m)
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Fig. 12. Relation between the numbers of ferrite
grains and fine inclusions.
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