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Abstract

In this study, Al-Si coated boron steel(1.2 mm) were laser welded by CO, laser and hot-stamping was applied to the
laser joints. Tensile properties and microstructures of the joints were investigated before and after hot-stamping.
Tensile and yield strengths of the as welded specimen similar with base metal and fracture occurred base metal of
boron steel. Although, in case of heat treated specimen, fracture occurred fusion zone that Al segregated zone near the
bond line. These could be explained by the existence of ferrite, in the Al segregated zone near the bond line and base
metal of boron steel. Before hot-stamping, hardness of base metal is lower than fusion zone and heat affected zone in
spite of exist Al segregation zone(Fes(Al,Si)). So fracture occurred base metal. Although, after hot-stamping,
microstructure of base metal and welds zone transformed to martensite and bainite except in Al segregation zone near
the bond line that Fes(AlSi) transformed to a-ferrite. So fracture occurred Al segregation zone near the bond line.

Keywords: Hot-Stamping(3t~E13d), Tensile Properties(214-42]), CO2 Laser Welding(CO2 #|©]# £74), Microstructures
(U]X1Z2]), Hardness(7 %), Al-rich(Al H4)
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Table 1 Chemical composition and tensile properties of Boron steel

Materials Chemical Composition (wt.%) Tensile Properties
t(mm) C Si | Mn | Cr | Nb | Ti B P S |Y.S (MPa)|T.S (MPa)| EI (%)
B-Steel(1.2) | 0.23 | 0.24 | 1.19 | 0.18 | 0.003 | 0.04 | .002 | 0.001 | 0.001 427 553 27.5
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Fig. 1 Optical micrograph (a) of Al-Si coating layer and
SEM micrograph (b) of base metal.(M : Martensite,
P : Pearlite, F : Ferrite).
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Fig. 2 (a) Cross-section of the bead as weld and EPMA
mapping results showing Al (b) and Si (c).

Fig. 3 (a) Cross-section of the bead after hot- stamping and
EPMA mapping results showing Al (b) and Si (c).
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Fig. 4 EPMA mapping results showing distribution of Al,
Si and optical micrographs at regions denoted as O in
Fig. 2 (a) and SEM micrographs (d), (e) at regions
denoted as 14, 24 in (c), respectively.
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Table 2 Chemical composition and micro-vickers hardness
at regions (O0) denoted as 14,24 in Fig. 4 (c),
respectively

Al Si Fe Hardness

No.
wt. %|at. %|wt. %]|at. % |wt. %|at. % (HV)

1o | 149|274 | 1.74 | 3.07 | Bal. |69.53] 362

24 | 824 |16.38| 097 | 1.84 | Bal. 81.78| 321

Table 3 Chemical composition and micro-vickers hardness
at regions (0) denoted as luy, 2y in Fig. 5 (c),
respectively

Al Si Fe Hardness
wt. %|at. %|wt. %|at. %|wt. %lat. % (HV)

Iy | 5.10 |10.35] 0.68 | 1.13 | Bal. |88.52| 201

2y | 0.63 | 1.36 | 0.29 | 0.59 | Bal. |98.05| 160
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Fig. 7 EPMA mapping results showing Al (a) and SEM
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AW, in (a), respectively. [as welded]
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Fig. 8 EPMA mapping results showing Al (a) and SEM
micrographs (b), (c) at regions denoted as HS,
HS; in (a), respectively. [after hot-stamping]
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Table 4 Chemical composition and A;, A; temperature
at regions denoted as AW,;, AW, in Fig. 7
(a), respectively

. " Temp.
Chemical composition
No. P ©C)

Al | Si | Fe | C [Mn| Cr | A; A

wt.% |0.48]0.26 | Bal. |0.20 | 1.04 | 0.14
AW, 880 | 726
at.% [1.35/0.64(94.70,1.99|1.24 |0.21

wt.% 0.67|0.29| Bal. |0.171.13 | 0.15
AW, 915 | 730
at.% [1.49/0.70(95.56/1.13|1.09|0.17

Table 5 Chemical composition and A;, A; temperature
at regions denoted as HS,, HS; in Fig. 8 (a),
respectively

. . Temp.
Chemical composition
No. P ©C)

Al | Si | Fe | C [Mn| Cr | As A

wt.% |0.30|0.27 | Bal. |0.19|1.08|0.21
HS, 837 | 724
at.% |1.2310.74(94.58/1.98|1.26|0.21

wt.% [0.32]0.27 | Bal. |0.17|1.09|0.20
HS, 846 | 722
at.% |1.30]0.7295.4|1.14|1.24|0.18
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(e), (f)) in weld specimens of as welded ((a), (c),
(d)) and after hot stamping ((b), (d), (f)).
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welded(A.W) and after hot- stamping(A.W+H/S).
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Weld Fracture

Fig. 13 Appearance of fractured tensile specimens as weld
(a), after hot-stamping (b) and cross-section of
fractured bead (c) after hot-stamping.
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Fig. 14 Schematic diagram of hardness profile for weld
zone(a) and hardness distribution in weld specimens
of as welded(b) and after hot-stamping (c).
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