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Thermal desorption analysis (TDA) is widely used to analyze the diffusion and
trapping of hydrogen in materials. While thermal desorption spectrum is thought to
represent the energy and density of trap sites, the temperature and shape of the peak
depend on the size of specimen and the conditions of hydrogen-charge and thermal
analysis. Moreover, TDA spectrum is very different between bcc and fec iron in which
the lattice diffusivity of hydrogen differs several orders of magnitude. Accordingly, the
influences of charging and testing conditions on the spectrum are studied by numerical
simulation based upon McNabb-Foster model. Simulations were conducted in medium
carbon martensitic steels and austenitic stainless steels for comparison with
experimentally obtained spectra in these steels.

In the McNabb-Foster theory a number of parameters are required to conduct
simulation, not only the energy and site density of trap sites, but also the kinetic
coefficients (pre-exponential factor) of trapping and detrapping, the values of which are
usually not well-established. Hence, before conducting simulations the applicability of
the so-called Kissinger equation to TDA spectrum is studied using the McNabb-Foster
model. It is shown that a Kissinger-type equation can describe diffusion-controlled
desorption after a certain amount of pre-exposure prior to the analysis, albeit the
pre-exponential coefficient depends on the specimen size. Moreover, the Choo-Lee plot
which is used to determine the detrapping energy from TDA spectra with varying ramp
rate can also be applied to diffusion-controlled desorption.

In martensitic steels the peak temperature of TDA spectrum are often considerably
lower than those of deformed pure iron. In the literature it is well-known that carbon
and hydrogen have a repulsive interaction at close proximity and carbon segregates to
dislocations in lath martensite during quenching in low and medium martensitic steels.
Hence, a computer program was developed to incorporate carbon segregation to
dislocations into the M-F model; it is treated in the same way as hydrogen trapping,
albeit detrapping is assumed not to occur. Introducing a parameter which represents the




carbon-hydrogen interaction, experimental TDA spectra could reproduced well in some
low and medium carbon martensitic steels.

It is reported that TDA spectra of austenitic stainless steels depend largely on the
charging and testing conditions. The dependences of spectrum on the specimen
thickness and ramp rates, experimentally reported in Ni alloys and stainless steels, were
reproduced fairly well solely from the lattice diffusivity, which implies that the
influence of trap sites on the spectrum was often not significant. The initial hydrogen
distribution appears to have a large influence on the spectrum; the difference of peak
temperature as large as 200°C in SUS304 steel between cathodic charge and hydrogen
charge under high-pressure environment could be accounted for from the difference in
the penetration of hydrogen in the specimen. Moreover, two peaks can occur when
hydrogen is initially confined to the rim of the specimen, because one part of hydrogen
diffuses and escapes from the surface in a short time, and the other part diffuses inward
and comes back to the surface later.

In this study, McNabb-Foster theory proved to be very useful in analyzing and
simulating the hydrogen desorption spectrum in both high strength martensitic and
austenitic stainless steels in which the lattice diffusivity of hydrogen differs several
orders of magnitude, albeit we need to choose carefully the values of many parameters
involved in the simulation. In particular, Kissinger equation and its derivative form
Choo-Lee plot proved to be useful in the evaluation of hydrogen detrapping energy if
the thermal desorption experiment is performed under proper conditions.
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