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Study on hydrogen embrittlement and the competitive segregation phenomenon of

hydrogen and carbon segregation to the dislocation core in drawn pearlitic steel.

SRRFRFLEH RPN LR ER
VAT LRIEME X
WHASKHRESFHE

2 & % B 1223122008

K % ¥ b Kk W
THEESEHES W B % F
# H £ A YEH2741AH



Study on hydrogen embrittlement and the competitive segregation phenomenon of

hydrogen and carbon segregation to the dislocation core in drawn pearlitic steel.

Abstract

Long products such as steel bar and wire generally have high strength compared to
other steel products. However, when the strength of steel increases to a certain level,
hydrogen embrittlement tends to occur. In this study, focus was placed on elucidating
the mechanism of hydrogen embrittlement in high strength pearlitic steel with the
objective of further increasing the strength level by overcoming hydrogen
embrittlement.

First, in order to clarify the existing state of hydrogen in steel, two types of steel with
different carbon contents were used: medium carbon steel SCM435 (0.3 wt.% C) and
high carbon steel SWRH82B (0.8 wt.% C). Both types were water-quenched after
heating to austenite in a hydrogen atmosphere. The changes in the hydrogen trap sites
and hardness during room temperature aging were then investigated, with
consideration for the segregation of carbon to the dislocation core. SWRH&2B steel had
thermal desorption peaks of hydrogen at 100 °C and 300 °C in the quenched state.
However, as room temperature aging progressed, the peaks at both 100 °C and 300 °C
significantly decreased and the hardness increased. The peaks at 100 °C and 300 °C are
thought to correspond to the hydrogen trapped by dislocation stress field and dislocation
core, respectively. On the other hand, SCM435 had only one peak at 100 °C in the
quenched state, and no change in hardness was observed during room temperature
aging despite the fact that the peak at 100 °C greatly decreased. The change in
hardness during room temperature aging seems to be correlated with the hydrogen at
the 300 °C peak, which is replaced by carbon that segregates to the dislocation core.
Since the temperature at which martensitic transformation begins in SCM435 is
sufficiently high, carbon may be able to diffuse and occupy the dislocation core during
quenching. On the other hand, the temperature at which martensitic transformation
begins in SWRHS82B is sufficiently low that carbon is unable to diffuse to the dislocation
core. Consequently, hydrogen segregates to dislocation core. However, it is postulated
that the hydrogen that segregates to the dislocation core will be replaced by carbon
during room temperature aging.

Also as part of the current study, the change in hydrogen embrittlement sensitivity
during low temperature aging was investigated using high carbon drawn pearlitic steel
(SWRHS82B). Low temperature aging at 100 °C and 300 °C resulted in increased yield
strength and simultaneously prohibited a decrease in fracture stress in the SSRT test

as well as a decrease in —fracture time in the constant load test. Therefore, hydrogen
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embrittlement resistance is considered to be improved by low temperature aging-.

Finally, in order to elucidate the mechanism for the above, TEM (Transmission
Electron Microscopy) observations and crystal orientation analysis by nano-beam
precession electron diffraction using a TEM (TEM orientation mapping) were conducted
for as-drawn and low temperature aged pearlitic steel wire. Low temperature aging was
found to decrease dislocation density, and in particular, the 300 °C aging treatment
accelerated recovery and recrystallization in the heterogeneously deformed area. At the
same time, low temperature aging increased yield stress by locking dislocation.
Therefore, low temperature aging is considered to lead to both increased strength and
an improvement in hydrogen embrittlement resistance.

The results of the present study are expected to contribute to both safety and
environmental protection in the field of social infrastructure and automobiles by

providing superior high strength steel.
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