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VNVPIT NDN
Doctorat Thesis: Hydrogen interaction with Custom 465 stainless steel

Custom 465 is an advanced precipitation hardened martensitic stainless steel
exhibiting a combination of high strength, high fracture toughness and good corrosion
resistance. This steel is recommended for use in hydrogen atmospheres, yet only little
research has been published on hydrogen behavior in this alloy.

The microstructure and hardness of Custom 465® precipitation hardened stainless
steel were characterized following, 4 hours aging at temperatures ranging from 482
°C to 648 °C . Dilatometry measurements and thermodynamic calculations were used
to understand the mechanism of martensite-to-austenite reversion. Three major stages
of aging were observed. The first stage is the peak hardening at aging temperatures of
480-510 °C, where both n-Ni;Ti precipitation and austenite reversion begin
independently of each other. The second stage is the initial stage of overaging
observed above 538 °C as reduction in hardness is due to a slight increase in both the
precipitate dimensions and the reverted austenite volume fraction. The third,
progressive overaging stage occurs above 593 °C in which a dramatic hardness
decrease is caused by a significant increase in both precipitate dimensions and
reverted austenite volume fraction. Transmission Kikuchi diffraction orientation
mapping revealed that globular austenite randomly nucleates at martensite grain
boundaries, while acicular austenite nucleates along martensite lath boundaries.
Thermodynamic calculations indicated that the dissolution of n-Ni3Ti precipitates
does not govern the austenite reversion, although both phases are in competition for
Ni.

Hydrogen interaction with the steel was characterized by means of diffusivity,
solubility and average detrapping energy. Values were compared in various thermal
conditions, solution annealed, H900 and HI1000, employing electrochemical
permeation and thermal programmed desorption measurements. It is suggested that
reversible low energy traps in the H900 and H1000 conditions, associated with semi
coherent precipitates, are responsible for the high hydrogen solubility and low
diffusivity. At the peak of coherency of the precipitates in the H900 condition, higher
solubility and lower diffusivity and detrapping energy were measured. The value of
the diffusion coefficient is found to change during different stages of charging and

discharging, depending on the level of occupancy of the reversible traps.
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High temperature exposure of Hastelloy C276

Hastelloy C-276 service temperature is restricted due to precipitation of the intermetallic

compounds. Time-temperature curves indicate that the highest precipitation rate is obtained at

about 870°C. The degragation in mechanical properties were characterized [1] as a function

of time in the high rate precipitation temperature 870°C, and correlated to the microstructure

changes.

Thermoelectric Power (TEP) measurements were applied [2] to monitor the precipitation

kinetics during aging at 870°C. The TEP was found to be well correlated with the amount of

u-phase formed during aging and with the reduction in impact energy and ductility. It was

demonstrated that TEP measurements could be used to monitor aging of Hastelloy C-276
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