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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Development of Remaining-Life Assessment Technique for Heat Resistant Materials

Using Hydrogen Thermal Desorption Analysis

Name: Yamashita Hayato

The objective of the thesis is to develop a remaining life assessment technique for heat resistant materials
using hydrogen thermal desorption analysis for heat resistant materials. The possibility of using hydrogen as
a tracer for detecting creep damage has been assessed. Extensive investigations the change in hydrogen
desorption characteristic due to creep in various heat resistant materials which include high Cr ferritic steel
base metal and its welded joint, heat resistant ferritic stainless steel and Ni alloys has been carried out by
thermal desorption analysis. Theoretical study was also conducted to investigate the mechanism of damage
detection by means of hydrogen. The thesis comprises of 8 chapters, The contents of each chapter are
outline below.

Chapter 1 highlights the importance and actual condition of remaining life assessment of high temperature
components.

Chapter 2 describes the importance of remaining life assessment of advanced heat resistant material and
the latest nondestructive evaluation methods of creep damage. In addition, the possibility of using hydrogen
as a tracer for detecting the damage is discussed.

Chapter 3 discusses the results of the change in hydrogen desorption characteristic due to creep of high Cr
ferritic steel (Gr.91) base metal. The influence of creep test conditions on the hydrogen desorption
characteristic was systematically investigated. The experimental results revealed that the amount of desorbed
hydrogen increased with consuming creep life; the trend of increase was significant at low stress levels.
There is a strong likelihood that this change is attributed to the formation of defects such as void initiation
and its growth and/or coalescence rather than the microstructural changes. The amount of desorbed hydrogen
could be arranged without depending on creep test condition by a parameter based on cavity growth law.
After remaining life evaluation by the relationship between this parameter and the amount of desorbed
hydrogen, the predictive precision for low stress data was a factor of 1.2. As a consequence, this method of
using hydrogen as tracer was expected to be a strong tool for detecting creep damage accumulated in the high
Cr ferritic steel.

Chapter 4 discusses the applicability of hydrogen thermal desorption analysis technique to detect Type IV
damage in high ferritic steel welded joint. The results of investigation of change in hydrogen desorption
characteristic of the high Cr ferritic steel (Gr.122) welded joint due to creep was discussed. The SP creep test
results (rupture time) were compared with the results (amount of hydrogen desorbed) obtained from
hydrogen desorption analysis. The amount of desorbed hydrogen of heat affected zone of Gr.122 welded



joints significantly increased with increasing life fraction. This increase was more pronounced just below the
outer surface. The change in hydrogen desorption characteristic seemed to be caused by the damage (defect)
rather than the microstructural changes, because the mere thermal aging had almost no influence on the
characteristic. A unique correlation between the amount of desorbed hydrogen and the creep rupture time
determined by the SP creep test was evaluated. The chapter highlight the use of hydrogen thermal desorption
analysis as a strong tool for detecting the Type IV creep damage in high Cr ferritic steel welded joint.

In Chapter 5, the change in hydrogen desorption characteristic of the ferritic heat resistant stainless steel
(18Cr-2.5Si steel) due to creep and thermal aging was investigated. The experimental results revealed that
the change in hydrogen desorption characteristic reflected not only the damage but also the microstructural
changes. So, it was tried to separate the effects of defects and microstructural changes. The hydrogen
evolution curve was separated to the influence of NbC, dislocation, geometric damage. The amount of
desorbed hydrogen from geometric damage was arranged by parameter derived from creep cavity growth law.
As a result, by using the parameter with the factor of 1.2 many data could be predicted. Thus, this method of
using hydrogen as tracer was expected to be strong tool for detecting creep damage accumulated in the
ferritic heat resistant stainless steels.

In Chapter 6, the change in hydrogen desorption characteristic of the Ni alloy (Alloy617) and Fe-Ni alloy
(HR6W) due to creep was investigated. The change in hydrogen desorption characteristic with creep was not
observed. These alloys were FCC crystal structure. In this structure, the diffusion energy of the hydrogen is
larger than binding energy between trap site and hydrogen. So, it was thought that the change of trap site
property was not reflected because of desorption hydrogen was determined diffusion than thermal
detrapping.

In Chapter 7, for elucidation of the creep damage detection mechanism by hydrogen, the most stable
structure of hydrogen in a cavity and vacancy cluster of the pure iron has been investigated by first principle
calculations. In addition, the simulation technique for studying the effect of creep cavity on hydrogen
desorption curves has been developed. The results revealed that the hydrogen gas existed in a vacancy cluster
consisting of more than 27 vacancies in the iron. After 100% of 4F sites and about 8% of 2F sites of the
cavity surface (100) were covered, hydrogen gas was found to be precipitated in the cavity. However, the
experimental results could not be simulated quantitatively, the calculation model was developed to
qualitatively simulate the change of hydrogen evolution curve with the progress of damage.

Chapter 8 presents the conclusions of the study.



