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Abrasion
flaw size and, 195-198
surface strengthening by, 198
Abrasive surface processing
material removal by, 190-191
surface-related properties and,
190
Acid-base interaction, Drago
correlation of, 76
Acidic ethylene-acrylic acid
copolymers, contact
angles in, 77-78
Acidic polarization curve,
corrosion rate and,
97-98
Adhesion, surface treatments for
enhancement of, 83
AES, see Auger electron
spectroscopy
Alloys
high-strength, see Highstrength alloys
high-temperature coatings on,
128-129
oxidation resistance of, 118
selective oxidation of, 114-115
Aluminum oxide
formation of, 114
selective oxidation and,
116-117
Aluminum surfaces, native oxide
on, 82
Anisotropic grinding damage, 194
Anodic polarization curve,
passivity and, 99
ATR (attenuated total reflection),
application of, 22
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Auger electron
energy of,27
vs. photoelectron, 27
Auger electron spectroscopy, 8
in chemisorption studies, 55
in oxygen chemisorption, 58
oxygen uptake and, 60-65
in reaction kinetics studies,
53
in surface characterization,
23-28
Bias sputtering, 133-135, see
also Sputter ion plating
Biaxial failure stress, rf
sputtering and, 208
Brittle ceramics
plastic deformation in, 192
tensile strength in, 191
Brittle fracture processes, in
abrasive stock removal,
191
Brittle materials, compressive
surface layers on, 210
Carbon, ESCA spectrum of, 45
Carbon steels, fretting of,
175-178, see also Steel
Catalytic surface, in scanning
electron microscopy, 33
Ceramic etching, fracture
strength and, 207
Ceramic processing, surface
structure and mechanical
properties related to,
189-211
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Ceramic removal, plastic deformation in, 190-191
Ceramics, ion sputtering in,
206-207
Ceramic surface
corrosion of, 200
strengthening of, 210
Chemically altered surfaces,
200-207
Chemisorption, in reactor
kinetics study, 54-59
Chrome plate, oxide surface of,
83
Chromium, in oxidation
resistance, 113-114
"Clean off" reactions, oxygen
molecular beam in, 66-71
Concentration polarization, 97
Contact angles, of acidic and
basic liquids on
copolymers, 77-78
Corrosion
concentration polarization in,
97
defined, 93-94
deposit induced effects in,
123-125
electric potential and, 95
electrochemistry of, 94-95
erosion and, 15-128
film breakdown in, 104
film ductility and, 104
high-temperature, 109-129
kinetics of, 96-99
mixed oxidant attack in,
119-122
passivity and, 98
polarizat ion in, 95-96
potential-pH equilibrium
diagram for, 96
thermodynamics of, 95
Corrosion fatigue resistance,
defined, 145
Corrosion potential, defined, 98
Corrosion principles, 93-95
Corrosion rate
from anodic and cathodic
polarization curves, 97
reaction products and, 120
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Corrosion research, crack growth
phenomena and, 200-201
Corrosion resistance
ion plating in, 133
kinetic strategies and,
100-101
surface modification in,
100-107
thermodynamic strategies in,
100
Crack growth, corrosion and,
200-201
Crack-tolerant behavior
definitions in, 144-146
emergent surface modification
techniques in, 157-168
engineering characterization
and, 146-153
high-cycle fatigue in, 149
laboratory specimens in,
146-147
low-cycle fatigue in, 149
precracked specimens in, 148
Crack-tolerant properties,
144-156
categories of, 154
engineering significance of,
150
laser surface treatment and,
168
publication trends and Defense
Department interests
in, 153-156
yearly and total research
citations in, 155-156
Creep fatigue resistance,
defined, 145
Critical fracture energy, grain
size vs. flaw size in,
196
Crystalline structures, in
corrosion resistance,
102
Crystallization, in glass
surface strengthening,
210
Current, corrosion rate and, 96
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Defense Department U.S., cracktolerant properties
reporting and research
from, 153-154
Deposit-induced effects, in
high-temperature
corrosion, 123-125
Drago correlation, of acid-base
interaction, 76
Effective passive film, in
corrosion resistance, 101
Electron analyzer, 35
Electron energy loss spectroscopy (EELS), 26
Electronic components, surface
modification methods
for, 12
Electron spectroscopical
methods, instrumentation
in, 34
Electron spectroscopy for
chemical analysis
Auger instrument for, 36
vs. Auger spectroscopy, 28
carbon spectra in, 45
of cleaned steel surface, 37
enhanced sensitivity in, 46
improved resolution by monochromatization in, 43
in surface characterization,

23-24

Upsala instrument for, 44
Ellipsometry
defined, 20
experimental arrangement for,

21

Emergent surface modification
technique, 157-168
Enhanced adhesion, surface
treatments for, 83-84
Erosion-corrosion interactions,

125-128

ESCA-Auger mUltipurpose instrument, 36
ESCA survey scan, of cleaned
steel surface, 37, see
also Electron spectroscopy for chemical
analysis

ESD, see Electron stimulated
desorption
Etching techniques, fracture
strengths and, 207
Ethy1-trif1uoroacetate, ESCA
carbon spectra in, 45
Evaporative ion plating, 133
schematic of, 134
EXAFS (extended x-ray absortion
fine structure), 26
Failure stress, biaxial, 208
Fatigue behavior, ion implantation and, 159-161
Fatigue cracking, fretting and,

184

Fatigue crack initiation,
fretting and, 184
Fatigue loading, in cracktolerant behavior, 147
Fatigue resistance
defined, 145
fretting and, 176-177
Film, passive, see Passive films
Film crystallinity, after
breakdown, 104
Film ductility, crystallinity
and, 104
Film thickness limitations,
variations in, 103
Flaw formation, 203-206
Flaw size
abrasion and, 195-196
grain size and, 196
grinding and, 194
Fracture mechanics analysis, for
surface controlled
crack-tolerant properties, 153
Fracture toughness, defined, 145
Fracture toughness threshold,
in high-strength alloys,

151

Fretting
causes of, 174
def ined, 173
experimental procedures in,

174

fatigue cracking and, 174,

184

220

Fretting (continued)
metallic debris and, 180
oxide debris and, 182-184
Fretting corrosion, 173-185
vs. fretting fatigue, 181-182
Fretting fatigue resistance,
defined, 146
Fretting surfaces, oxidation of,
182
Gaseous hydrogen embrittlement,
87-90
Glass
compressive surface layers on,
210
corrosion behavior for, 202
crystallization in strengthening of, 210
ion sputtering in, 206-207
Glass etching, fracture strength
and, 207
Glass surface, strengthening of,
210
Graphite carbon monolayer,
oxidation of, 67-69
Grinding process, flaw size in,
197
Hemispherical retarding field
analyzer, 35
Hermetic seals, in crack growth
prevention, 206
Heterogeneous surface, adsorption
of monolayer on, 6
High-cycle fatigue, in cracktolerant behavior, 149
High-resolution electron loss
spectroscopy, 8
High-strength alloys
crack-tolerant behavior of,
143-169
crack-tolerant properties of,
150-152
number and size distributions
in, 152
High-temperature coatings,
128-129
High-temperature corrosion
oxidation in, 110-119
principal forms of, 110-128
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Hot corrosion attack, initiation
and propagation of,

124-125, see also

Corrosion; High-temperature corrosion
HRELS, see High-resolution
electron loss spectroscopy
Hydrogen, gaseous, embrittlement
by, 87-90
Hydrogen absorption rate, on
iron, 89
Hydrogen embrittlement, 87-90
Hydrogen embrittlement
resistance, defined, 146
Infrared absorption, defined, 20
Inorganic surfaces, binding of
with polymers, 75-84
Intermolecular forces, solution
and interfacial properties related to, 75
Intermolecular interactions
electron donor-acceptor interactions and, 75
London dispersion forces
and, 75
types of, 75-76
Ion implantation, 11-14, 158-162
def ined, 158
fatigue behavior and, 159-161
and tribological behavior of
steel surfaces, 15
Ion plating
in corrosion resistance, 133
evaporative, 133-134
sputter, see Sputter ion
plating
Ion scattering spectroscopy,
8, 28
analysis of silicon oxide
surface by, 41
basis of, 29
Ion sputtering, in glazes and
ceramics, 206-207,
see also Sputter ion
plating
Iron, hydrogen absorption rate
on, 89-90
ISS, see Ion scattering spectroscopy
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Laser beam, interaction with
surface, 11
Lasers, surface treatment by,
11
Laser-shock processing, yield
strength and, 167-168
Laser surface modification, vs.
cooling rate and melt
depth, 13
Laser surface processing, 163-168
extended area coverage by, 165
microstructural modification
by, 163-165
stress corrosion cracking and,
167
LEED, see Low-energy electron
diffraction
Low-cycle fatigue, in cracktolerant behavior, 149
Low-energy electron diffraction
hemispherical retarding field
analyzer in, 35
in oxygen chemisorption
studies, 58
in oxygen uptake and oxidation
studies, 63
schematic of, 26
structural and geometrical
patterns in, 32
structural details for, 7-8
Machining-mechanical strength
behavior, 191-194
Material removal by abrasive
surface processing,
190-191
Mechanical properties, surface
structure and ceramic
processing related to,
189-201
Metallic debris, fretting and,
180
Metals, ion implantation in,
158-159
Metal surfaces
acidic and basic properties of,
82-83
high-temperature corrosion of,
109-129
passsivity of, 98
repassivation of, 105
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Microhardness data, for sputter
ion plated steel, 138-14C
MIR, see Multiple internal
reflection method
Mixed oxidant attack, 119-122
Molecular beam dosing, 52
Monochromatization, ESCA
resolution by, 43
Multiple internal reflection
method, 34
Noncrystalline films, in corrosion resistance, 101-102
Oxidation
cyclic data in, 118
of fretting surfaces, 182
in high-temperature corrosion,
110-119
in reaction kinetics studies,
60-65
selective, 116-117
thermodynamically stable
oxides in, 111
transient, 113
Oxidation studies, AES in,
60-65
Oxide barriers, development of,
120
Oxide debris, fretting and,
182-184
Oxide scale(s)
as oxidation barrier, 115-116
spalling of, 117
sulfide, nitride, and carbide
phases of, 121
Oxide scale adhesion,
optimizing of, 118
Oxide scale development, 112
Oxygen adsorption rate, in
"clean off" reactions,
66
Oxygen chemosorption, 55-56
Oxygen gas molecular beam
scattering, 57
Oxygen sticking coefficient, 62
Passive films
breakdown resistance in, 104
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Passive films (continued)
crystalline and noncrystalline
structures and, 101-102
defined, 101
greater protection from, 103
Passivity, corrosion and, 98
Photoelectron
vs. Auger electron, 27
escape depth of, 27
Pitting, in flaw formation,
204-206
PIXEA X-ray method, 28-32
Plastic deformation
in brittle ceramics, 192
tensile strength and, 194
PMMA, see Polymethylmethacrylate
Polymer(s)
binding with inorganic
surfaces, 75-84
maximum adhesion between, 83
ordered lamellar structure of,
30
Polymer adsorption, acid-base
interact ions in, 79-82
Polymeric sample, ESCA wide
scans of, 38
Polymer surfaces, acidity and
basicity of, 76-79
Polymethylmethacrylate
acid-base interactions and, 79
adsorption of into silica
gel, 79-80
Polyvinylchloride, postchlorinated, 79
adsorption of, 80-82
Potential, as corrosion tendency,
95-96
Potential-pH equilibrium diagram,
corrosion and, 96
Pourbaix diagram, 95
PVC, see Polyvinylchloride
Raman spectroscopy, defined, 20
Reaction kinetics, 51-72
apparatus and techniques used
in measurement of, 51-54
chemisorption in, 54-59
"clean off" reactions in, 66-71
CO product signal in, 70
detector mass spectrometer in,
52

Reaction kinetics, 51-72
(cont inued)
kinetic equations for, 68-69
LEED in study of, 53
oxidation of graphitic carbon
monolayer in, 67
oxidation stages in, 60-65
SIMS in study of, 54
typical reactions in, 54-71
ultrahigh vacuum system for
study of, 53
ultraviolet-excited photoemission spectroscopy
in, 53
rf sputtering, biaxial failure
stress and, 208
SAM (scanning Auger microscopy),
mapping of semiconductor
surface with, 40
Scanning electron microscopy,
32-33
of iron surface with localized
corrosion, 39
Secondary ion mass spectroscopy,
8, 28
analysis of Si02 surface by, 41
in reaction kinetics study, 54
SEM, see Scanning electron
microscopy
Silanol groups, as acid sites on
metal surfaces, 82
Silica, silanol groups as acid
sites on, 82
Silica gel, PM}~ adsorption onto,
79-80
Silicon, in oxidation resistance,
115
Silicon dioxide film, flaw
formation and, 204
Silicon nitride, pitting and,
204-206
SIMS, see Secondary ion mass
spectroscopy
Sputtered silica glass dish,
failure of, 209
Sputtering, rf, 208
Sputter ion plating
coating results in, 136-140
experimental procedure for,
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Sputter ion plating (continued)
schematic of) 135
temperature effects in, 133-140
Steel
comparative electron diffraction patterns of, 179
fretting of, 175-178
microhardness determinations
for, 138-139
sputter ion plating for,
133-140
Steel surfaces, ion implantation
in, 15
Stress corrosion, of structural
ceramics, 200-203
Stress corrosion cracking
resistance, defined, 145
Stress corrosion threshold, in
high-strength alloys, 151
Structural ceramics, stress
corrosion in, 200-203
Structure, surface analysis and,
7-8
Sulfide phase, of oxide scales,
121
Surface(s)
chemical analysis of, 9
heterogeneous, 5-6
historical significance of,
3-5
metal, see Metal surfaces
special properties of, 5-7
Surface analysis techniques, 7-9
Surface concentration limits in,
71

types of, 8
Surface characterization, 19-47
desirable items for future
development in, 42
elemental composition and
bonding in, 23-32
features of interest in, 19-20
strong and weak points of ESCA
and Auger spectroscopy
related to, 28
Surface flaws, in brittle
ceramics, 191-192, see
also Flaw size
Surface free energy, "positive"
nature of, 7

Surface grinding, subsurface
lateral cracks in, 193
Surface improvement, future
techniques in, 207-210
Surface modification
corrosion resistance through,
100-106
in crack-tolerant behavior of
high-strength alloys,
143-169
for improved properties, 3-16
Surface modification processing
regimes, vs. power
density and interaction
time, 13
Surface properties, phenomena
affected by, 4-5
Surface reactions, kinetics of,
51, see also Reaction
kinetics
Surface strengthening, abrasion
in, 198
Surface structure, ceramic
processing and mechanical properties related to,
189-211
Surface tension characterization,
contact angle method in,
20
Surface treatment, see also
Surface modification
for enhanced adhesion, 83-84
by lasers, 11
Sustained load cracking resistance, defined, 145
Temperature-programmed
desorpt ion, 54
Transient oxidation, 113
Ultraviolet-excited photoemission spectroscopy,
53-54
Upsala instrument, in ESCA, 44
Vapor deposition, ion plating
in, 133-134
XPS, see X-ray excited photoelectron spectroscopy
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X radiation, penetration depth
of, for aluminum, 25
X-ray excited photoelectron
spectrometry, in reaction
kinetics study, 54
X-ray synchrotron, ESCA
sensitivity enhancement
with, 46
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