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Crack Embryo Formation before Crack Initiation and
Growth in High Temperature Water
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Abstract Crack growth measurements were performed in high temperature water and in air
to examine the role of creep on IGSCC growth using cold rolled non-sensitized Type316 (UNS
S31600) , TT690 alloy, MAG600 alloy, and Carbon steel (STPT42) . In addition, crack initiation
tests were performed also in high temperature water and in air using specially designed CT
specimen. The obtained major results are as follows: (1) TT690 did crack in intergranularly in
hydrogenated high temperature water if material is cold worked in heavily. (2) Cold worked carbon
steel also cracked in intergranularly in dearated high temperature water. (3) Intergranular crack
growth was recognized on cold worked 316, TT690, MA600, and carbon steel even in air which
might be crack embryo of IGSCC. (4) Simple Arrhenius type temperature dependence was
observed on IGSCC in high temperature water and creep crack growth in air. This suggested that
intergranular crack growth rate was determined by some thermal activated reaction. (5) Vacancy
condensation was recognized at just ahead of the crack tips of IGSCC and creep crack of cold worked
steel. This showed that IGSCC and creep crack growth was controlled by same mechanism. (6)
Clear evidence of vacancies condensation was recognized at just beneath the surface before crack
initiation. This proved that crack did initiate as the result of diffusion of vacancies in the solid. And
the incubation time seems to be controlled by the required time for the condensation of vacancies to
the stress concentrated zone. (7) Diffusion of subsituational atoms was also driven by stress
gradient. This is the important knowledge to evaluate the SCC initiation after long term operation in
LWR’s. Based on the observed results, IGSCC initiation and growth mechanism were proposed
considering the diffusion process of cold worked induced vacancies.

Keywords IGSCC, cold work, creep, vacancy diffusion, stainless steel, TT690, carbon steel, MA600,
PWR, BWR, PHWR
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Hin 50 941 1041 6.3 —
MAG600 0 270 671 49.0 —
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