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Effect of zirconium on the low-temperature toughness of CGHAZ in F40 ship
plates containing titanium
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ABSTRACT Weld thermal simulation experiments of F40 ship plates with 0. 01% zirconium or not under different phase-change
cooling time Ty, were conducted on a Gleeble3500 thermal simulation test machine. The results show that the antidarge heat input
welding performance is improved significantly for F40 ship plates containing titanium by adding trace amounts of zirconium, and the im-
pact energy reachs 238 J at —60 C when Ty 5 is 100s. The microstructure of the coarse grain heat affected zone ( CGHAZ) in the F40
ship plates was studied by thermodynamic calculations and scanning electron microscopy. It is indicated that the size and mophyloy of
original complex inclusions containing zirconium change with increasing Ty,s. Therefore the number of the inclusions of 1 to 3 wm inclu—
ding zirconium which contribute to acicular ferrite nucleation non-monotonically decreases, leading to the toughness fluctuation of the
CGHAZ with the welding heat input increasing.
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Table 1 Chemical composition of the plate %
s C Si Mn P Al Nb Ti Ni Zr
1* 0. 060 0.30 1.56 0. 006 0.0043 0.03 0. 040 0.010 0.32 0.00
2 0. 058 0.31 1. 60 0. 006 0.0042 0. 04 0. 038 0.011 0.30 0.01
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Table 2 Weld thermal simulation parameters
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Table 3 Mechanical properties of F40 ship plates

G Rg/(Nemm™) R, /(Nemm™) A/% A (-60%C) /]

MR =390 510 ~660 =20 =39
1* 510 565 27 280
2% 468 550 32 >300
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Fig.1 Toughness of the samples under weld thermal simulation with

different Tg,5 at —60 °C
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Fig.2 Morphology of the CGHAZ in Sample 2* containing zirconium with different Ty,s: ( a) base metal; ( b) 20s; (¢) 40s; (d) 60's; () 100s; ( f)

1205

3 S AN S Ze 19 1SR ) 3 AR R A A
XA HLOES. A 3(a) AT, 1402 Tk
40s I, HACHAL BT, Bl 87 KRR DI
T, FEERERR R FT & BB P2 Ty)5 2 50 s

PRAEIABIUR  H P A7 AERDIR DL EG AR, (R AR B
FARPT O HL A R (B 3( b)), R A
M) DX el DA s T 53K 120's B, Sl A0 30 1 40H
RIYERZAR(E 3(e) ) AFIT AR R

B3 1A Tys PRI IXHLUBH . (a) 40s; (b) 503 () 1205
Fig.3 Morphology of the CGHAZ in Sample 1* with different Tg,5: (a) 40s; (b) 50s; (¢) 120s
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Fig.4 Morphology and spectra of the inclusions containing zirconium in Steel 2*: ( a) base metal; ( b) Tg,s =40s; ( c) useful inclusions when Tg,5 was

100 s; ( d) coarse inclusions when Tg,5 was 100 s
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Fig.5 Statistical distribution of the implex inclusions containing zir—
conium in the base metal and the CGHAZ in Steel 2% under different
T8/5
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Fig.6 Element distribution of the inclusions containing zirconium: (a) Zr; (b) O;(¢) S;(d) Mn;(e) Ti
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