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Abstract

This study examined how varying tempering temperatures affect the susceptibility of Cr-Mo low alloy steels to hydrogen embrittlement.

A slow strain-rate test (SSRT) was carried out on the steels electrochemically pre-charged with hydrogen in order to examine the hydrogen

embrittlement behavior. The results showed that the hydrogen embrittlement resistance of the Cr-Mo low alloy steels improved with

increasing tempering temperature. Thermal desorption analysis (TDA) revealed that diffusible hydrogen content decreased with increasing

tempering temperature, accompanied by a slight increase in the peak temperature. This decrease in hydrogen content was likely due to a

reduction in dislocation density which served as reversible hydrogen trap sites. These findings underline the significant role of tempering

temperature in enhancing the hydrogen embrittlement resistance of Cr-Mo low alloy steels.
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Fig. 1 SEM micrographs of the Cr-Mo low alloy steels tempered at the temperature of (a) 550 C; (b) 600 T; (c)

650 T. White arrows indicate carbides.

600 °C

Inverse pole figure

m

001 101

Grain boundary

Min Max
— 20 150
— 150 180 °

Kam average
misorientation

Min Max
n D¢ 5o

KAM, 3rmge =107 10°

T - .
-t _Aﬁt_‘t
) et

[ e

KAM 0 a0 = 0,629

Fig. 2 Inverse pole figure (IPF), grain boundary (GB), and kernel average misorientation (KAM) maps obtained from
EBSD analysis for the Cr-Mo low alloy steels tempered at the temperature of 550 T, 600 T, and 650 C.
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Fig. 3 (a) XRD patterns of the Cr-Mo low alloy steels tempered at the temperature of 550 C, 600 C, and 650 C; (b)
Variation in dislocation density as a function of tempering temperature calculated through Williamson—Hall

plot method.
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Fig. 4 (a)-(c) Slow strain-rate test (SSRT) results of the plate-type unnotched Cr-Mo low alloy steels tempered at the
temperature of (a) 550 C; (b) 600 C; (c) 650 C. The specimens before electrochemical hydrogen charging
were marked as ‘non-charged’, and the specimens after electrochemical hydrogen charging were referred to as
‘H-charged’; (d) The hydrogen embrittlement index measured from SSRT results of the Cr-Mo low alloy steels
as a function of the tempering temperature. Relative reduction of area (RRA) is measured by plate-type
unnotched specimens and relative notch tensile strength (RNTS) is measured by round-type notched specimens.

Table 1 Tensile properties and hydrogen embrittlement resistance of the Cr-Mo low alloy steels tempered at different

temperatures.
Tensile Propertics Hydrogen Embrlttlement
Resistance
Steel : ;
Yield Strength Tensile Reduction of | Notch Tensile Relat'lve Relative Notch
(MPa) Strength Area (%) Strength (MPa) Reduction of Tensile Strength?
(MPa) ° £ Area! £
. Non-charged 1,114 +2 1,235£9 33%3 1,648
550 C 0.15 0.42
H-charged 1,113 %1 1,153+ 18 5%2 698
. Non-charged 976 £2 1,098+3 39£2 1,767
600 C 0.92 0.74
H-charged 981£5 1,084 £1 361 1,310
. Non-charged 833+9 98314 44+ 1 1,474
650 C 0.95 0.93
H-charged 8153 96512 42+2 1,376

1)
2).

measured by plate-type unnotched specimens
measured by round-type notched specimens
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Fig. S SEM fractographs of H-charged specimens for the Cr-Mo low alloy steels tempered at the temperature of (a)-(c)
550 C; (d)-(f) 650 T. (b)-(c) are high-magnification images of (a), (e)-(f) are high-magnification images of (d).

White arrows indicate intergranular crack.
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