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The Influence on Micro—defect of Hydrogen in Middle
Carbon Bearing Steel C56E2
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Abstract: Hydrogen (H) is one of the important factors which causing the failure of steel materials. In this paper micro-
scopic defect observation, hydrogen charging experiment and defect statistics of C56E2 steel were studied, the results
show that H in C56E2 steel can cause inclusion / matrix interface cavity, which could be inherited to the final material ,
heat treatment including quenching, tempering, could not improve those micro-defects. The average inclusion/matrix in-
terface debonding ratio (AIDR) decreased with increased the equivalent diffusion distance of hydrogen, the correlation is
strong and without any uniform rule between the descending slope and H charging time. There was not any obviously rule
between AIDR and H charging time, the AIDR is increasing with the increase of the first and second peak periods and the
total hydrogen content, and the correlation is weak . In the process of hydrogen charging, H diffused in the direction of H
concentration decreased, the H charging time (<216 h) applied in this paper was far from the time which required for the
effect of H breaking to the steel. H in the deep inner of the sample was much lower than the max which could be reach,
and transformed and broken to the steel incompletely.
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Table 1 Main chemical composition of tested steel C56E2 %

C Si Mn p S Cr Ni T.0
0.55 023 0.73 0.011 0.001 0.006 0.009 4.5x107*

A
« 1153K,0.5h
"
WK
T1 (473K) ,3h
%#%
A
Bl CSOE2 AR AR T 2R K

Fig. 1 Schematic of the heat treatment process of tested steel
C56E2
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Fig. 2 The curves of H precipitation rate and cumulative H

content with temperature change by TDS
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Table 2 The sample observed line

DA PHEREE/mm AR /mm RS /mm
1 2.5 0.5 0.25
2 2.5 2.5 1.25
3 2.5 5.0 53
4 5.0 0.5 0.25
5 5.0 2.5 53
6 5.0 5.0 2.50
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Fig. 3 Inclusion/matrix interface debonding : (a) SEM photo of inclusion, (b) Inclusion/matrix interface recognition, (c¢) Inclusion/

matrix interface debonding recognition
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Fig. 4 The microstructure morphology of C56E2 sample in condition of hot rolled : (a) The picture of sample microstructure, (b) in-

clusion without inclusion/matrix interface void, (¢) inclusion with partial inclusion/matrix interface void, (d) inclusion with 100% in-

clusion/matrix interface void
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Fig. 5 The microstructure morphology of C56E2 sample in condition of quenching and tempering : (a) The picture of sample micro-

structure, (b) inclusion without inclusion/matrix interface void, (¢) inclusion with partial inclusion/matrix interface void, (d) inclu-

sion with 100% inclusion/matrix interface void
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Fig. 6 MnS inclusions with partial interface void in hot-rolled

C56E2 steel with hydrogen for charged 96 h
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Fig. 7 MnS inclusions with 100% interface void in hot-rolled

C56E2 steel with hydrogen charged for 144 h : (a) overall ap-

pearance of inclusions, (b ~ d) local appearance of inclusions
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Fig. 8 TDS H content vs. hydrogen charging time
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Fig. 11 AIDR vs. H diffused distance on samples with different H charged time, Hydrogen charged time /h : (a) 24, (b) 48, (¢)
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