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Abstract

The interaction between hydrogen isotopes and irradiation defects in

nickel is studied using Gas-phase Permeation and Thermal Desorption Analysis

techniques. The work was motivated by the need for the understanding and control

of tritium diffusion and trapping in structural materials of the irrst generation

of D-T fusion reactors, as well as by the need for minimizing helium "ash" i.., the

plasma. Major attention was given to the study of relationships between helium

defect configuration and deuterium diffusion and trapping behavior.

Permeation results show that crystalline defects such as dislocation loops

produce no measurable effect on deuterium permeation in the temperature range of

373 K - 573 K, whereas helium defects decrease the apparent diffusivity and,

sometimes, the permeability of deuterium by several orders of magnitude,

indicating a strong trapping effect for hydrogen isotopes. Thermal treatments at

elevated temperatures of samples pre-implanted with helium ions resulted in a

newly observed abnormal aging history dependence on deuterium diffusion and

permeation behavior. The basic aspects of this abnormal behavior were examined

and analyzed.

Thermal desorption technique was used to obtain additional information on

helium trapping mechanisms: for examples, the effective binding energies of

deuterium to helium defects consist of a distribution of values and are in the
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range of 0.4 - 0.6 eV with higher values observed when helium bubbles fOrolCd; thc

trapping efficiency decreases from> 1 to < 0.3 when the helium Ouence incrl~ascs

from blOt5 to 4xlO17/cm2; thermal treatments of these samples resulted in a

decrease in the trapping efficiency that was also dependent on the initial helium

fluences. An interesting phenomenon, "H" enhancement of helium release, was

observed and analyzed using the Hydrogen-Assisted Cracking model.
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CHAPTER I

Introduction

It is correct to say that all real metals contain defects. It may also be

correcL Lo say that all metal defects trap hydrogen. TIle same is true, cf course,

of all atoms dissolved in metals, but the rapid diffusion of hydrogen in metals,

even at low temperatures, permits the trapping to take place at much lower

temperatures than is true of any other dissolved atom.

Hydrogen-defect interactions in metals have been the subject of intensive

study for over 100 years. Historically, the embrittlement of steels by hydrogen

accumulating at fracture sites such as grain boundaries or crack tips has been of

immense interest. Although its presence may have been suspected by makers and

users of steel products long before 1873, it was in this year, according to

Buzzard and Cleaves [1.1], that W.H. Johnson [1.2, 3] recorded hydrogen

':~mbriltlement" as a form of hydrogen damage. Johnson detailed much of the

problem as it exists today. This interest was extended to other metals and alloys

as they became important structural materi~s.. The ideas concerning a "hydrogen

economy" have further focused attention onto the ability of some metals and alloys

to store hydrogen incorporated in the lattice. . Again, the hydrogen-defect·
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interaction may play an important role for hydrogen storage. Finally. in the new

generation of long pulse D-T (deuterium-tritium) fusion reactors. the plasma

fueling and tritium inventory are greatly influenced by recycling of hydrogen

isotopes in the fIrst-wall. which is in part controlled by hydrogen trapping at

irradiation damage, and at impurities such as helium. Helium as an impurity in

D-T reactors is inevitable not only because it is one of the products of the

fusion reaction, but also because it can be generated by nuclear reactions of

neutrons or protons with atoms in the structural materials. as well as by the

decay of tritium to 3He. It was found (see, e.g., the work of Wilson et al.

[1.4], and Besenbacher et al. [1.5]) that the helium trap is probably the most

important one in fusion reactors in terms of the trapping energy.

Besides the concern of tritium inventory, another concern in reactor

design is to minimize the helium "ashlt in the plasma because it decreases the

burning efficiency of the D-T fuel. One possible way of doing this is to make use

of the helium "self-pumping" effect [1.6]. This effect is based on the fact that

helium can be strongly trapped at lattice defect sites. Consequently, it is

expected that for some materials, there is a temperature range in which implanted

hydrogen isotopes are released without significant helium release. In such away,

helium Itash" in the plasma can be reduced.

The present study is closely focused onto the fundamental aspects of the

the relationship between helium defect configuration, and deuterium diffusion and

trapping behavior in nickel. To cover different helium configurations, a wide

range of helium implantation fluences and different thermal treatments of the












































































































































































































































































































































