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Abstract

The characteristics of high heat input (342kJ/cm) EG (Electro Gas Arc) welded joint of EH36-TM steel
has been investigated. The weld metal microstructure consisted of fine acicular ferrite (AF), a little volume
of polygonal ferrite (PF) and grain boundary ferrite (GBF). Charpy impact test results of the weld metal
and heat affected zone (HAZ) met the requirement of classification rule (Min. 34J at -20 C). In order to
evaluate the relationship between the impact toughness property and the grain size of HAZ, the austenite
grain size of HAZ was measured. The prior austenite grain size in Fusion line (F.L+0.1 mm) was about
350 m. The grain size in F.L+1.5 mm was measured to be less than 30 pm and this region was identified
as being included in FGHAZ(Fine Grain HAZ). It is seen that as the austenite grain size decreases, the
size of GBF, FSP (Ferrite Side Plate) become smaller and the impact toughness of HAZ increases.
Therefore, the CGHAZ was considered to be area up to 1.3mm away from the fusion line.

Results of TEM replica analysis for a welded joint implied that very small size (0.8~1.2um) oxygen
inclusions played a role of forming fine acicular ferrite in the weld metal. A large amount of (Ti, Mn,
ADxOy oxygen inclusions dispersed, and oxides density was measured to be 4,600-5,300 (ea/mm?2). During
the welding thermal cycle, the area near a fusion line was reheated to temperature exceeding 1400°TC.
However, the nitrides and carbides were not completely dissolved near the fusion line because of rapid
heating and cooling rate. Instead, they might grow during the cooling process. TiC precipitates of about 50 ~

100nm size dispersed near the fusion line.
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Table 1 Chemical composition (wt %) and mechanical properties of used base metal

Materials Chemical composition (Wt.%)
*Ceq. Rem.
Grade C Si Mn P S Others
EH36-TM 50mmt 0.075 0.28 1.51 0.014 0.002 | Al,Cu,Ni,Ti,Nb et al. 0.33 TMCP
* Ceq = C+Mn/6 + (Cr+Mo+V)/5 + (Ni+Cu)/15
YS TS EL Charpy impact test(Avg.)
Division Tensile Prop.
(MPa) (MPa) (%) Direction T J
L 34
Class rule: EH36 Grade(50t) »355 490~630 »21 . -40 ”
o A 363
Direction @ L 490 492 32 L
EH36-TM 1/2t 10 374
50mmt ¥ 363
Direction @ T 422 510 28 T
1/2t 333
Table 2 Welding conditions and welding consumable used for EG welding
Welding Condition Heat Input
Division
Current(A) Voltage(V) Speed(cm/min) Pass No. (kJ/cm)
EH36-TM 50mmt 400 42 2.95 1 342
Chemical composition(%) & Mechanical properties of weld metal
Wire ) . TS Impact
© Si Mn P S Ni Mo (MPa) Value(J)
DW-SILG(D1.6) o
KOBELCO 0.05 0.25 1.60 0.009 | 0.007 1.40 0.13 615 100J@-60C
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Table 3 Chemical composition of welded metal (wt. %)
Chemical composition(wt. %)
Division N (0]
C Si Mn P Ni Mo Ti B
(ppm) | (ppm)
Weld metal 0.062 | 0.24 | 140 | 0012 | 0.010| 1.75 | 009 | 003 | 0007 | 84 | 273
(center)
H, 53] &4 359 ¥ Aol & IS A= F.L+1mmelA = ZHe A#22] Polygonal Ferrite
Aoz dHA Qe Aa/ibho] gt HgF BAE A 7F F2 #EEAeH, F LAHUE QoA A
Aaigith aela 87 24 84 29gRe) UMz WololER FHEE AL ve ZAE Ui B2

BN A L ol gale] 2
EEECR

w5 MAE 2 AEEd g B4 SEM/TEM

Fig. 12 &35 v=22 9 nj4 27 ARS BojE
th. Root#= ¥odh &4 42 el glon, &
A &AM ddgd o8l W24 S=r =] o
2 23 A 220 #EF}

Fe AnjRs S 8N Al 23 #E A9, 84

|41& Polygonal Ferrite + Acicular Ferrite (©]
st AF)7F F9 2oz FAE glom, FYFA
Z3F Crain Boundary Ferrite?} €% #&# T}
Fusion Line(¢]dt F.L)eIME didd &30 e
W& E Aotz 2 Grain Boundary Ferrite$t
AANA AR Ferrite Side Plate Z27o] #2%
At

rr

Fig. 1 Macrostructure and microstructure of single
EG welded joint (welding heat input=
342kJ/cm)
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Fig. 2 Charpy impact energy of single EG welded
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Fig. 3 Variation of austenite grain size with
location in HAZ
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