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Oxide Layer Analysis of Uncoated Boron Steel Sheet for Hot Stamping
According to the Atmosphere Oxygen Content
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Abstract

As the supply of eco-friendly vehicles increases, the application rate of hot stamping components is rising to reduce vehicle weight and

improve safety. Although Al-Si coated steel sheets are commonly used in hot stamping processes, their manufacturing costs are elevated

due to process patents and royalties. Various hot stamping studies have been conducted to reduce these production costs. In this study, we

derived a process control method for suppressing the oxide layer of hot stamping parts using uncoated boron steel sheets. Firstly, hat-

shaped parts were hot stamped under atmospheric conditions to analyze the tendency of oxide layer formation by location. Then, the

Gleeble system was used to observe oxide layer formation based on oxygen content under various atmospheric conditions. Finally, the

oxide layer thickness was quantitatively measured using SEM images.
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Fig. 1 Hat-type hot stamping test with un-coated boron
steel sheet
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Fig. 2 Investigation of the oxide layer at various

positions of hat-type specimen

Table 1 Oxide layer thickness at various positions of
hat-type specimen

Position Thickness [ 1 m]
24.75
21.13
35.50
7.88
8.39
12.25
8.16
7.84

6.66

Average [ 1 m]

Top 27.13

Wall 9.50

Flange 7.55
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Fig. 3 Gleeble 3500 System for testing the oxide layer
thickness of un-coated boron steel sheet

1000 605
>
O so0- 2°¢/s
e
5 600+ ]
g Quenching
o 400 15°C/s
]
(7]
= 200
0

0 100 200 300 400 500 600
Time [s]

Fig. 4 Gleeble test condition to describe the temperature
history during the hot stamping process
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Fig. 5 Bar-type Gleeble specimen for securing the
sufficient quenching speed to obtain full
martensite micro structure
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Fig. 6 Atmosphere oxygen control system in Gleeble
3500 system
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Fig. 7 Measured result of the temperature history
during the Gleeble test in various oxygen contents
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Table 2 Average quenching speed in the range from
800 °C ~ 400 °C in various atmospheric oxygen

contents
Case Quenching Speed [-°C/s]
Oxygen 0% (Vacuum) 70.14
Oxygen 2% 70.54
Oxygen 4% 70.07
Oxygen 6% 70.19
Average 70.24

Heating (700°C)

-~ A

Holding (920°C) Quenching (20°C)

- | L

00:01:44:251¢ 00:03:39:250 00:05:10:16 ¢

Fig. 8 Growth of the oxide layer during the hot
stamping temperature history
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Fig. 9 Investigation of the oxide layer of Gleeble
specimens after the heat treatment according to
the atmosphere oxygen content
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Fig. 10 Investigation of the oxide layer according to the
atmosphere oxygen content
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Table 3 Oxide layer thickness according to the
atmospheric oxygen content

Case Thickness [ 1 m] Average [ 1 m]

1.89

Base Metal 1.21 1.51
1.43
o 519, 24.75

xygen 21%

(Hat}-]tgype, Top) 2113 27.13
35.50
20.10

Oxygen 6% 32.50 23.70
18.50
7.341

Oxygen 4% 7.350 7.011
6.342
2.36

Oxygen 2% 1.91 2.25
2.49
o o 1.68

&ﬁfﬁﬂm)” 1.52 1.60

Table 4 Measured Result of Vickers Hardness

Vickers Hardness [Hv] Average
Case
Maximum | Minimum [Hv]
Al- Si Coated 501 477 485
Un-Coated
Hat Type (Top) 520 489 501
Un-Coated
Hat Type (Wall) 527 511 521
Un-Coated
Hat Type (Flange) 527 307 >18
Oxygen 6% 477 460 469
Oxygen 4% 507 465 496
Oxygen 2% 507 477 490
Oxygen 0% 500 471 484
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