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Abstract

In the present work, it was investigated a behavior of hydrogen embrittlement at the subsurface zones of
590 DP steels by using the micro-Vickers hardness test. The micro-Vickers hardnessess of DP steels were
measured to evaluate the degree of embrittlement as the effective hardening depths of subsurface zones with
hydrogen charging conditions. The results showed that the distributions of micro-Vickers hardness in width
varied from maximum hardness 239.5 Hv to minimum hardness 174 Hv, while the depth of effective hardening
layer at the subsurface zones of DP steels was from 320 um to 460 um with hydrogen charging conditions,
respectively. It was proposed that the distribution of microhardness be used as the evaluation index of the
degree of embrittlement. But the variations of martensite volume fractions were not affected along depth
of hardening at the same changing time, hydrogen charging times were appeared as an effective factor of
the degree of embrittlement. Therefore, the micro-Vickers hardness test is an attractive tool for evaluation
of hydrogen embrittlement at the subsurface zones of these DP steels.
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Table 1. Chemical compositions and mechanical properties and austenite volume fraction of DP steels

Chemical compositions (wt.%) Mechanical properties Austenite
. B | TS. | YS. | EL. VOluﬁﬂfﬁfgﬁm

C Si Mn P Al Cr Mo (opm) | (MPa) | (MPa) | (%) @ 8603C)
DP1 0.06 0.03 2.0 0.01 0.03 - - - 475 329 30.9 35
DP2 0.06 0.03 2.0 0.01 0.03 - 0.2 - 563 323 30 48
DP3 0.06 0.03 2.0 0.01 0.03 0.3 0.2 - 603 376 26.9 46
DP4 0.06 0.03 2.0 0.01 0.03 - 0.2 10 624 405 27.1 49
DP5 0.06 0.03 2.0 0.01 0.3 - 0.2 - 681 405 23.3 50
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Fig. 1. Hydrogen amounts charged in DP Steels with charging times at each current density of (a) 150 mA/cm?,

(b) 200 mA/cm?.
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Fig. 2. The variation of micro-Vickers hardnesses with depths from the free surface at 150 mA/cm? current density
with charging time: (a) 5 h, (b) 10 h, (c) 25 h, (d) 50 h.
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Fig. 3. The variation of micro-Vickers hardnesses with depths from the free surface at 200mA/cm? current density with
charging time: (a) 5 h, (b) 10 h, (c) 25 h, (d) 50 h.
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Fig. 4. Optical micrographs of transverse section under the current density of 150 mA/cm?(a) 5 h, (b) 10 h, (c) 25 h,
(d) 50 h, of 200 mA/cm? (e) 5h, (f) 10 h, (g) 25 h, (h) 50 h, respectively.
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