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Effects of aging treatment on the susceptibility to hydrogen embrittlement
(HE) of HSLA-100 steels were investigated in a synthetic sea water+0.IN H.SO.
+1g/L thiourea solution at room temperature under various cathodic current
density using slow strain rate test.

The yield strength of the alloy increased with the aging temperature, reach-
ing the maximum at 500 C, and then decreased with aging temperature due to
coarsening of Cu precipitates and recovery of matrix.

The variation of susceptibility to HE of the alloy were found to be divided
into three regions with an increase in the cathodic current density. In region I
where the strain to failure ratio(g,,,o/&.) exceeded 0.85, stress corrosion
hardly occured. In region II where the strain to failure ratio was in the range
of 0.15 to 0.85, the susceptibility to HE increased significantly with the applied
cathodic current density. In region Il where the strain to failure ratio was less
than 0.15, the alloy was extremely susceptible to HE and failed by a brittle
intergranular fracture mode. '

HSLA-100 steel was most susceptible to HE when aged at 500 C. The resista-
nce to HE of the alloy was increased with aging temperature, due to decrease
of yield strength and dislocation density and to increase of hydrogen trap den-
sity. The fracture mode of the alloy changed in oder of microvoid coalescence,
tearing topograpy surface or quasi-cleavage and brittle intergranular fracture as
the susceptibility to HE increased.
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Table 1. Chemical compositions of HSLA-100 steels.

C Si Mn P .S Ni Cr Cu Mo Nb

.038 .27 .87 .007 .006 3.5 .58 1.5 .39 .039
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Fig. 1 Apparatus used for slow strain rate test.
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Fig. 2 Microstructure of HSLA-100 steel aged at
550 C.

(b)

Fig. 3 TEM photographs of Cu precipitates in
HSLA-100 steels aged at; (a) 500°C (DF image)
(b) 650°C (DF image)
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Table 2. Effects of aging treatment on the me-
chanical properties of HSLA-100 steels.

aging temperature yield strength tensile strength Elongation_

) (kgf/mm?)  (kgf/mm?) (%)
400 92.8 103.9 170
500 107.0 1134 18.3
550 100.6 102.8 20.8
600 94.4 95.3 22.2
650 85.9 87.1 23.9
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Fig. 4 Effects of aging treatment on the mechan-
ical properties of HSLA-100 steels.
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Fig. 5 Potentiodynamic polarization curves of
aged HSLA-100 steels in a synthetic sea water
+0.1N H,S0, +1g/L thiourea at room tempera-
ture.
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Fig. 6 Potentiodynamic polarization curves of 650
‘C-aged HSLA-100 steels respectvely measured
in syn. sea water solution and syn. sea water +
0.1 N H,S0, + 1 g/L thiourea solution.
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Table 3. Effects of aging treatment on the strain
to failure ratio of HSLA-100 steels in syn. sea
water + 0.1 N H,SO, + 1 g/L thiourea solution
under open circuit potential at room tempera-
ture.
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Fig. 7 Effects of aging treatment on the strain to

failure ratio of HSLA-100 steels deformed at a

rate of 1x 107® /sec. in syn. sea water + 0.1 N

H,S0, + 1 g/L thiourea solution under open cir-

cuit potential at room temperature.

(b)
Fig. 8 SEM Micrographs showing the fracture
surface of aged HSLA-100 steels failed by
SSRT in syn. sea water + 0.1 N H,;80, + 1 g/L
thiourea solution under open circuit potentia
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Fig. 9 Effects of applied current density on the strain to failure ratio and fracture mode of HSLA-100 steels aged
at 550°C and deformed at a rate of 1x 10°8/sec. in syn. sea water +0.1 N H,S0,+ 1 g/L thiourea solution
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Fig. 10 Stress-strain curves of HSLA-100 steels aged at 550°C and deformed at arate of 1x10°® /sec. in
syn. sea water +0.1 N H;SO,+1 g/L thiourea solution under various applied current densities.
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Fig. 11 Effects of aging treatment on the strain
to failure ratio of HSLA-100 steels deformed at a
rate of 1x 1078 /sec. in syn. sea water + 0.1 N H,
S0, + 1 g/L thiourea solution under various applied
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(c)
Fig. 12 SEM Micrographs showing the fracture

surface of HSLA-100 steels aged at various tem-
perature, which were failed by SSRT in syn. sea
water +0.1 N H,S0,+1 g/L thiourea solution
under cathodic current density of;
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