
CONTENTS

1. The Theory of Radiation Induced Defect Production  1

Mark T. Robinson

Introduction  1

Primary Recoil Energy Spectra  3

Electron and Ion Irradiations  3

Thermal Neutron Irradiations  5

Fast Neutron Irradiations  6
The Displacement Cascade  10

LSS Atomic Collision Theory  10

Electronic Stopping Cross Sections  12

The Displacement Process  15

Radiation Induced Defect Production  18

The Damage Energy Model  18

Effects of Cascade Density  21

Concluding Remarks  22

2. Field-Ion Microscope Studies of the Defect 

Structure of the Primary State of Damage 

of Irradiated Metals  28

David N. Seidman

Introduction  28

The Field-Ion Microscope Technique  33

Field Ionization  33

Field Evaporation  34

Resolution  37

Cornell FIM Studies of Depleted Zones in 

Irradiated Tungsten  37

Depleted Zones Created at 473K  38

Depleted Zones Created at 18K  45

Other FIM Experiments on Vacancy Type Radiation 

Damage  51

Summary  54



3. Defect Production by Energetic Particle 
Bombardment  58

K. L. Merkle

Particle Irradiation Experiments  59
Determination of the Atomic Displacement 

Threshold  62
TEM of Displacement Cascades  68

TEM of Depleted Zones  68
Energy Dependence  70
Defect Structure  78
Size Distribution  79
Depth Distribution  82
Channeling  84

Comparison between Cascade structures Observed in 
Neutron and Ion Irradiations  85

Summary and Conclusions  88

4. Defect Annealing Processes in Metals  95
F. W. Young, Jr.

Stage I  97
Stage II  106
Stage III  110
Stage IV  116
Stage V  118
Summary and Conclusions  119

5. Radiation-Enhanced Diffusion in Metals and Alloys  125
Nghi Q. Lam and Steven J. Rothman

Introduction  125
Kinetics of Diffusion by Radiation-Induced Point 
Defects  127

The Simple Model  127
Time-Dependent Solutions  129
Steady-State Solutions  131
Deficiencies of the Simple Model  132

Experimental Techniques, Results, and Discussion  133
Self-Diffusion  133
Impurity Diffusion  138
Chemical Diffusion  141
Ordering and Clustering  143
High-Voltage Electron Microscopy  150

Conclusions  151



6. Theory of Defect Clustering and Void Formation  157
H. Wiedersich

Steady-State Defect Concentration  158
Defect-Cluster Nucleation  169
Swelling  179
Sink-Annihilation Probabilities  184
Summary and Conclusions  189

7. Simulation Experiments with the High Voltage 
Electron Microscope  194

J. J. Laidler, F, A. Garner and L. E. Thomas

Introduction  194
HVEM Parameters Atypical of Neutron Environments  195

Non-Isotropic Flux  195
Nature of the Displacement Event  196
Displacement Rate Effects  197
Limited Irradiation Volume  197
Displacement Rate Gradients  199
Beam Heating  200
Surface Effects  202
Stress Effects  207

Electron Irradiation Parameters  208
Applications of HVEM Irradiations  209

Fundamental Studies  209
Swelling Design Equations  217

Summary and Conclusions  222

8. The Effect of Metallurgical Variables on Void 
Swelling  227

W. G. Johnston, T. Lauritzen, J. H. Rosolowski 
and A. M. Turkalo

Void Swelling - A Metallurgical Problem  227
Mechanism of Void Formation  229
Predicted Effects of Metallurgical Variables  230
Experimental Methods for Studying Void Swelling  232
Nickel Ion Bombardment of Austenitic Stainless 

Steels  233
Observed Effects of Structure on Swelling  236
Effect of Major Alloy Composition on Swelling  238
Effects of Minor Element Additions  245
Discussion of the Effects of Alloy Composition on 

Swelling  251
Swelling Predictions Based on Observed Compositional 

Effects  253



The Control of Swelling Through Metallurgical 

Variables  259

Summary  260

9. Radiation-Enhanced Creep  267

F. A. Nichols

Introduction  267

Radiation Damage Cascades  268

Phenomenology of Radiation Creep  269

Effect of Irradiation on Diffusion-Controlled 

Creep Processes  275

Low-Stress Radiation Creep  278

Intermediate-Stress and High-Stress Radiation 

Creep  283

Statistical Fluctuations and Dislocation Climb  289

Summary  290

10. Irradiation Strengthening and Embrittlement  295

E. E. Bloom

Abstract  295

Introduction  296

Effects of Irradiation on Deformation  298

Dislocation Glide  299

Dislocation Creep  304

Diffusion Flow  309

Effects of Irradiation on Fracture  309

Fractures in Unirradiated Conditions  309

Fracture of Irradiated Material  312

Concluding Statement  324

11. Radiation Effects on Superconductivity  330

B. S. Brown

Introduction  330
Elemental Superconductors  336

Alloy Superconductors  343

Compounds  351

Conclusions  360

12. Radiation Damage of Nonmetallic Solids  366

Allen N. Goland

Introduction  366

Defects in Nonmetals  369

Radiation Damage Processes in Nonmetals  370

Concluding Remarks  391

Index  395


