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function, 48
performance characteristics, 48
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aramid fibers, 58—59, 59f—60f, 61t
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functions, 49, 50f
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thermoplastics and thermosets, 53—54
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CVD. See Chemical vapor deposition (CVD)
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184f—185f
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Einstein equation
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vs. Guth model, 134, 135f
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suspension viscosity, 133—134
Young’s modulus, 134

Epoxy resins, 55, 55f, 56t

Ester cyanates, 57

F
Fiber composites, 51, 52f
fiber length, 62—63, 631
micromechanics modeling
critical length, 218—219
effective fiber, 218—219
fiber volume fraction, 218
Halpin—Tsai equations, 217
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materials cost, 219—220

nanotube reinforced composites, 217
single reinforcing phase, 218
strength efficiency factor, 219
tensile strength, 218—219
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Gilass fibers, 57—58, 58f, 61t
Gold and silver nanoparticles, 13—14, 16f
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Halpin—Tsai model, 139142, 140f, 142f
Hatta model, 158, 159f
Health risk and safe disposal
asbestos fibers, 109
electrolyte imbalance, water consumption, 109
environmental precaution, 110—111
glove box, 110, 111f
granulomas, 109—110, 110f
MSDS, 111119, 111b
toxicological effects, 110
High-shear mixer
applications, 178— 80
oil emulsions, 177—178
PU matrix composites, 178b, 179f
rotor types, 177—178, 178f
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Kelly-Tyson approximation, 129—130
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Laser ablation, 104—105, 105f
Lycurgus cup, 13, [5f
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Material Safety Data Sheets (MSDS), 111119,
It1b
Matlab® simulation
Halpin—Tsai code, 104
mixtures, code rule, 103—106
Metal matrix composites (MMC), 50
Modified Halpin—Tsai model
DWCNTSs and MWCNTs, 149—150
effective fiber modulus, 149
fibrous composites, 147
vs. Halpin—Tsai model, 151, 151f
mechanical properties, 150, 150t
micromechanics-based models, 147—148
nanotube-matrix interface, 147
tensile strength, 149
Young’s modulus, 148, 148f
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Molecular nanotechnology, 11
Moore’s law
chip development, 15
computing power evolution, 17—18, 21f
integrated circuit transistors, 18, 21f
transistor, 15, 20f
transistor investors, 15, 20f
MSDS. See Material Safety Data Sheets (MSDS)
Multi-walled carbon nanotubes (MWCNTSs),
75717, 76f, 791
modified Halpin—Tsai model, 149—150
oxidation temperature, 92f, 92b
oxidation time, 93f, 93b
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Nan model, 157, 158f
Nanoscience and nanotechnology
applications
air pollution and water, 28—29, 29f
aviation and space, 22, 23f
broken bone, healing process, 23—24
energy, 27—28, 28f
flexible color display monitor, 26, 26f
in food industry, 25—26, 25f
integrated circuit fabrication, 27
magnetic random access memory (MRAM), 27
micro and nano robots, 2425, 24f
nanocapsules, 22—-23, 24f
nano-silver crystals, 22—23
quantum dots, 22—23
sports, 30, 32
textiles, 29—30, 31f
history, 1—2, 4—10, 12f, 14, 18f
American Physical Society, 10
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biological system, 9
computing machines, 11
electron microscopes, 8—9
gold and silver nanoparticles, 13—14, 16f
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lubrication problems, 10
Lycurgus cup, 13, 15f
molecular nanotechnology, 11
NNI, 12
scanning tunneling microscope, 11, 11
small scale atoms, 13—15
timeline with events, 15, 19t
tiny factories, 17—18
Moore’s law
chip development, 15
computing power evolution, 17—18, 21{
integrated circuit transistors, 18, 211

transistor, 15, 20f
transistor investors, 15, 20
nano-abacus, 30, 32f
nanofabrication, 33
nanoparticles
electromagnetic properties, 9—10
mechanical properties, 10
optical properties, 10
sinterization, 8—9
size effect, 8
thermal properties, 9, 9f
nanoscale
area/volume ratio, 6
atom density, 7
atoms alignment, 1—2, 2f
copper atom mass, 8
definition, 1—2
gold cube, specific surface area, 5—6, 5f
International System of Units, prefixes, 1—2, 2t
material outer surface, 7, 7f
number of atoms, 4
objects vs. natural organisms size, 2, 3f
properties, 6, 6t
specific surface area, 8
SWCNTs, 31
types, 13, 14f
National Nanotechnology Initiative (NNT), 12
Nielsen model, 142—145, 143t, 1441, 144,
159—161, 160f

P
Particulate composites, 51, 51f
Periodic table, 471
Phenolic resins, 56—57
Polyamides, 57
Polyester fibers, 60
Polyester resins, 54, 54f, 56t
Polyethylene, 60
Polymer matrix composites (PMC), 51
DAC, 182—183, 184f—185f
electrical conductivity
advantages, 161
composite filler, 162
conduction path, 164, 165f
conductive fillers, 161
contact resistance, 162
factors, 164—167
percolation threshold, 161—162, 162f-163f
high-shear mixer, 177—180, 178f, 178b, 179f
magnetic stirring, 175—177, 176f
manufacture of, 172, 173f
mechanical properties
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constituents density, 131
Cox model, 137—138, 138f—139f
critical length, 128—129
Einstein equation, 133—134, 135f
elastic modulus, nanocomposites, 133
elastic properties, 151
fractions and concentrations, 131, 131t
Halpin—Tsai model, 139—142, 140f, 142f
Kelly-Tyson approximation, 129—130
modified Halpin—Tsai model, 147—151, 148f,
150t
Nielsen model, 142-145, 143t, 144f, 144t
polymers and density, 128, 129t
series and paralle] models, 136—137,
136f—137f
SWCNTs, 130, 130f
tensile strength, nanocomposites, 145—147,
146f
mechanical stirring, 177, 177f
melt processing, 172—174, 174f
nanosized reinforcements, 172
preparation methods, 172
properties
chemical modification, 127
molecular chemical bonds, 127, 128f
nano-fillers aggregation, 126, 1271
van der Waals interactions, 126
reaction processing/in situ polymerization,
174175, 175¢
single-screw extruder, 185—187, 186f—187f
solution processing, 172, 174f
sonication, 180—182, 1811—183f
thermal conductivity
geometric model, 154—157, 155f
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Hatta model, 158, 159f
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Nielsen model, 159—161, 160f
parallel model, 152—154, 154f
series model, 153-—(54, 154f
two-phase composites, 152
three-roll mill (calender), 184—185, 186f
Polyurethanes, 57
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Quartz, 60
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Silicones, 57
Single-walled carbon nanotubes (SWCNTSs), 31,
75—76, 76f—77f, 130, 130f
defects of, 90, 9if
mechanical properties, 86—87, 86
polyethylene polymer chain, 94, 95f
Sonication
advantages, 181
cavitation, 180, 182f
industrial sonicators, 182
sodium carbonate, milling process, 180—181,
183f
ultrasonic bath and probe, 180, 181f
Structural composites. 52, 531
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Takayanagi model, 238—240
elastic modulus, 240—241, 240f
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Vinyl ester, 55—56, 56f, 56t
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