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Liquid Metal Embrittlement of Steels during Hot Dip Galvanizing
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Fig. 1. Tensile test specimen.
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Fig. 2. Stress—elongation curves of SMS50A steel.
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Table 1.

Chemical compositions and mechanical properties of steels.

Steel

Chemical composition (%)

Mechanical properties

(kgfm/ cm
S

. Yield point Tensile strength Elongation Reduction of area
c Si Mn P S os(kgf/mmD o Ckgl/mm?) (%) @(%)
5541 0.13 0.18 0.64 0. 017 0.014 32 42 32 66
SB42 0.17 0.26 0.69 0. 023 0. 021 32 44 30 59
SMS0A 0.16 0.33 1.32 0.019 0. 006 40 55 25 67
STK55 0.18 0.21 1.15 0.021 0. 012 50 62 25 60
Table 2. Mechanical properties of steels in molten zinc at 460°C.
. . Tensile strength Elongation N Reduction of area
Steel Surface treatment . (kgf/mmg‘) 320%) dz/6n 0al(%) 0z/0ou
$S41 10%H SO, 30 min 33.1 18.7 0.24 13 0.16
Ground 34.1 15.6 0.25 17 0.21
SB42 10%H 504 30 min 34.7 5.6 0.11 10 0. 14
Ground 37.6 10.3 0.22 13 0.17
SMS0A 10%H,S0, 30 min 44. 7 8.5 0.21 12 0.17
Ground 43.6 8.9 0.24 12 0.17
STKS55 10%H 3,380, 30 min 46.1 7.7 0.21 13 0.19
Ground 47.6 14.8 0.41 22 0.32-
dy . Elongation in 460°C air, ¢4 . Reduction of area in 460°C air.
Table 3. Mechanical properties of steels after galvanized.
(Surface treatment : 109, H,SO,4, 30 min)
Yield point Tensile strength Elongation Reduction of area
Steel 065 Ckgf/mm?) san(kgf/m %) 3o(%) 0% as/os ogs/op dg/é voly
SS541 33.5 45.0 41 67 1.05 1. 07 1.28 1.01
SB42 33.0 49.0 36 56 1.07 1.11 1. 20 0.95
SMS0A 41.0 57.0 35 66 1.03 1.04 1. 40 0.99
STKS5 51.0 65.0 27 61 1.02 1.05 1.08 1.02
@
g
€ 100 - g
S ~
g 80 7
ol 2 |
o _ 60 /gr |
J 2 /
- O 7
B4 LY - -
L ¢ Virgin Hotdip
s 20 material(galva.
@
£ 5541 —o— | ——
SMB0A —o— | —&-
g Specimens:JIS type 4
g
T ~20
B_N
E
>
Q
Y
']
£
(&)

-60 -40

-20
Temp(°C)

0 20

Fig. 3. Transition curves of SS41 and SM50A

steel.

Photo. 1. Fractograph of liquid metal embrittle—
cracking of SM50A steel.
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Table 4. Chemical compositions and mechanical properties of steels.

Steel B Chemical composition (%) Mechanical properties
teel
(mm) c si Mn P s os(kgl/mm?) og(kal/mm?)  3(%)
9 0.17 0. 39 1.33 0. 020 0. 013 37 55 26
SMS50A 12 0.16 0.39 1.35 0. 019 0.012 41 56 25
16 0.18 0. 47 1. 36 0. 020 0. 015 37 55 27
STKS5 16 0.12 0. 36 1. 36 0. 019 0. 002 50 60 33
Table 5. Results of tensile tests of the base
plates and the butt welded joints in 460°C molten
zinc. (9mm thiskness)
N o
. Kind of Tensile strength Position of ©
Material specimens ozp(kgf/mm?) fracture \V
Base plate 44. 2 60
Manual 120
SMS0A arc welding 43.9 W.M+HAZ 210
S‘e)lgﬁi‘gc 44.4 W.M+HAZ 320
Base plate 48. 4
Manual /\m o
STK55 arc welding 48.4 W.M+HAZ [ T }  — 7 ) - 1L T 1 [+2)
CO, arc l l b I
3 .
welding 48. 2 W.M+HAZ g B
12
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Fig. 4. Cruciform fillet welded tensile test speci—
men.
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Fig. 5. Stress—clongation curves of the cruciform
fillet welded joints of SM50A steel.
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Table 6. Results of tensile tests of the cruciform
fillet welded joints in 460°C molten zinc.

}T_gziﬂ?: of Material Welding process ozz(kgf/mm?)
Manual arc 37.0
Base SM50A CO; are 37.3
B=9 Manual arc [R—
¢ mm) STKS5 COj; arc 44.7
. Manual arc 38.6
Fillex SM50A CO; arc 52.0
B=12mm) Manual arc 38.6
¢ STKSS CO; arc 52.4

B : Thickness of base plate.
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Fig. 10. The relation between KX; and ¢4 for 16
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ten zinc.
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Fig. 16. The results of FEM analyzed deformations and thermal tensile stress
distribution of the steel pipe. (V=400 mm/min)
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Fig. 17. The results of FEM analyzed thermal tensile stress distribution of

the steel pipe. (V=1600mm/min)
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Fig. 21. Results of thermal tensile stress distribution obtained by FEM. (V=800 mm/min)

Photo. 2. The crack initiated at the toe of the
corner part of the plate welded steel pipe.
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