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High-energy-rate-~forged (HERF) austenitic stainless steels
are used for the containment of hydrogen and its isotopes.
Embrittlement of these materials by hydrogen has been a
source of concern for some time. The nature and the degree
of embrittlement by hydrogen varies considerably and, among
other factors, is a complicated function of material
composition and processing variations. Helium, the
radiocactive decay product of tritium, will also embrittle
stainless steels. Precipitation of microscopic helium
bubbles tends to increase the material’s flow stress,
through dislocation pinning, as well as weaken interfaces
like grain and twin boundaries. Since fracture toughness
tends to decrease with increasing yield strength, at least
part of the helium-embrittlement problem may be due to
strength effects. The relationship between a material’s
yield strength and toughness and, the incremental strength
increase and corresponding toughness decrease imparted by
helium is not known.

The purpose of this study was to measure the combined
effects of strength, hydrogen isotopes, and helium on the
room temperature mechanical and fracture toughness
properties of HERF 21-6-9 stainless steel.

Smooth round-bar tensile samples and precracked fracture
toughness samples having yield strengths in the range 517-
930 MPa were thermally charged with either hydrogen or
tritium and tested at room temperature in either air or high
pressure hydrogen gas. Fracture toughness measurements were
made using two separate techniques: (1) Rising-load J-
integral; and, (2) Falling-load Threshold Stress Intensity.
The falling-load threshold stress intensity measurements
were conducted using a compliance technique that was
developed during the course of this work for use with C-
shaped fracture toughness samples.

In general, hydrogen-charged and tritium-charged-and-aged
samples had higher strengths and lower ductilities than
uncharged samples. On a per-atom basis, helium was more
effective than hydrogen in increasing strength and lowering

*This article was prepared in connection with work done under Contract
No. DE-AC09-88SR18035 with the U.S. Department of Energy.



ductility. Ductility was not strongly affected by yield
strength. HERF microstructures were less susceptible to
helium embrittlement than annealed microstructures.

Fracture toughness values were also reduced by hydrogen and
helium. The reductions in fracture toughness caused by-
hydrogen and helium were affected more by the presence of
statically recrystallized grains from the HERF’ing process
than yield strength. ' Static recrystallization in the HERF
microstructures affected the fracture toughness reductions
by changing the crack paths. Hydrogen-exposed samples had
relatively high fracture toughness values when their
microstructures contained patches of "soft" recrystallized
grains and had relatively low fracture toughness when their
microstructures were free of recrystallized grains. The
patches of "soft" recrystallized grains seemed to act as
barriers to hydrogen-induced intergranular fracture by
blunting crack tips.

In the tritium-exposed-and-aged samples, crack paths were
affected by the patches of recrystallized grains in the
microstructure, but fracture toughness values were low and
relatively unaffected by the presence of the recrystallized
grains in the microstructure. The "soft" recrystallized
grains were more susceptible to helium-induced intergranular
fracture than the HERF grains. Thus the patches of
recrystallized grains in the HERF microstructure did not act
as barriers to cracking in the tritium-exposed-and-aged
samples as they did in the hydrogen-exposed samples.
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