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Abstract

In this study, the effect of coating thickness(20um and 30um) on microstructure and tensile properties in
Yh:YAG disk laser welds of Al-Si-coated boron steel (1.2mmt) was investigated. In the case of as welds,
the quantity of ferrite was found to be higher in base metal than that in HAZ (Heat Affected Zone) and
fusion zone, indicating, fracture occurrs in base metal, and the fracture position is unrelated to the coating
thickness. Furthermore, yield strength, tensile strength of base metal and welded specimens showed similar
behavior whereas elongation was decreased. On the other hand, base metal and HAZ showed existence of
martensite after heat treatment, the fusion zone indicated the presence of full ferrite or austenite and ferrite
during heat treatment (900°C, 5min), After water cooling, austenite was transformed to martensite, and the
quantity of ferrite in fusion zone was higher as compared with in base metal, resulting in sharply decrease
of yield strength, tensile strength and elongation, which leads to fracture occured at fusion zone. In
particular, results showed that because the concentration of Al was higher in 30um coating layer specimen
than that of 20um coating specimen, after heat treatment, producing a higher quantity of ferrite was
higher after heat treatment in the fusion zone; howevers, it leads to a lower tensile property.

Key Words : AI-10%Si coated boron steel, Hot-stamping heat treatment, DiSk laser, Tensile properties,
microstructure, Al-segregation
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Table 1 Chemical composition and mechanical properties of boron steel

Chemical composition(wt.%) Mechanical properties
Materials
C Mn Si Cr Ti B Fe Y.S(MPa) T.S(MPa) EN%)
B
oron Steel | 15 | 1393 | 0.589 | 0.149 | 0.026 | 0.005 | Bal. 400 600 25
(1.2mm)
KU - RAEeEE 3145 H39E, 20134 61 235
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Table 2 Chemical compositions and micro-vickers
hardness measured at regions denoted as

#3w1~3wio in Fig. 3 (a)

HV

. Al Si F C | M
No 1 e n (25¢f)

Phase

wt.%(31.41(3.22(64.33| - -
3w1 652.4| X1
at.%|47.5214.70 |47.77| - -

wt.%(14.08]1.89(83.61| - -
3wz 364.1| X2
at.%|24.7113.20(72.09| - -
wt.%| 3.68 [0.77(95.42| - -
3ws3 158.3| F3
at.%| 7.16 [1.43(91.41| - -
wt.%| 3.03 |10.75]95.92| - -
3wa 163.1| F3
at.%| 5.95(1.42|92.63| - -
3ws |[wt.%| 2.09 [0.6995.59| 0.09 |1.25|335.3[F+M+B
3we |[wt.%| 1.82 [0.67|95.63| 0.12 [1.26|375.2|F+M+B

3wr |[wt.%| 1.10 |0.61(95.98| 0.15|1.40|451.2|F+M+B

3ws [wt.%| - 10.59(97.06| 0.191.31]491.6] M
3w [wt.%| - 0.58(97.77|0.191.32]221.5| F+M
3wio |wt.%| - 10.59197.89| 0.18 | 1.30|202.3 |F+M+P|
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Weight (wt. %) Hy
No. Phases
Al | Si Fe ¢ | Mn | (25gf)
2w1 [2.7310.63195.73] - - 183.6 F
2wz [1.2610.61(95.65(0.15]1.32| 403.5 | F+M+B
2ws [0.80{0.59196.27(0.16|1.28| 451.7 | F+M+B

2wa [0.47]10.58196.49|0.18 | 1.35| 454.6 M+B

Table 4 Comparison of fusion zone area and coating
layer area (x10°mm?®) with coating layer

thickness
20m 30um Increment%
Fusion zone 132.11 140.02 6%
coating layer 2.58 3.9 51%
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Table 5 Chemical compositions, Acs temperatures
and micro-vickers hardness measured at
regions denoted as #3u1~3Hio in Fig. 7 (a)

Acs Hv

No. Al Si Fe C Mn ) | (25en)

Phases

wt.%|13.71|1.75(84.41| - -
3H1 - |346.0| Y1
at.% |24.08]2.97|72.92| - -
wt.%| 3.7210.89(95.29| - -
at.% | 7.3411.72|90.93| - -
wt.%|3.16 [0.73]96.07| - -
3h3 - 1153.2] F2
at.%|6.19|1.38(92.43| - -
wt.%|2.45(0.71]96.84| - -
3m - |157.6] F2
at.% | 4.8211.35(93.83| - -
3us |wt.%| 1.85(0.65|95.37[0.08 | 1.23 | 1239 | 291.3 | F+M
36 |Wt.%| 1.32 10.61]96.18[0.16 | 1.35 | 1048 | 382.1| F+M

3m7 |Wt.%| 1.64 {0.63(95.43| 0.14 | 1.25 | 1069 | 314.6 | F+M

- |156.9] F2

3us |wt.%| - 0.60(97.60{0.18|1.38 | 824 |503.7| M
3mo (Wt.%| - [0.57(97.43/0.19]1.29| 823 |501.2| M
3u0|wt.%| - 10.59]97.56|0.20 | 1.33 | 821 |499.4] M
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Fig. 9 EPMA mapping results showing Al (a)and
SEM micrographs (b~e) at regions denoted
as #3m~#3ms in (a) [(Heat treatment (H),
coated layer: 20im (2)). (b) 2m, (¢) 22, (d)
2u3,(e) 2m4. (F: Ferrite, M: Martensite)

Table 6 Chemical compositions, Acs temperatures
and micro-vickers hardness measured at
regions denoted as #2m1~2m in Fig. 9 (a)

o Weight (wt.%) IA:CS Hv Phases
Al | Si Fe C | Mn | (C) |(25gf)
2m|1.1210.62195.96|0.15| 1.22 | 1007 | 253.6 | F+M
22| 1.0310.6196.07|0.15|1.25| 979 |411.5 | F+M
2n3)0.8710.62196.11|0.17|1.32| 928 |464.7 | F+M

2n4)0.7110.60 196.44|0.17|1.26 | 904 |483.2 | F+M
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Fig. 12 Top view of fractured surface of as welds
specimen (a) and cross—section of fractured
specimens after heat treatment with the
coated thickness ; (b): 20um (¢) 30mm
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