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221
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batch contact unit operation 522
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351-352
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467-469
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carbon and graphite materials (contd.)
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deposition precipitation 463
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n electron system 458
heteroatoms 460
hydrohalogenation reactions
483
impregnation 461
liquid phase catalytic reactions
484-486
oxidative dehydrogenation (ODH)
471-475
reaction mechanism 475-477
selective oxidation reactions on
nanocarbon 480-482
selectivity in carbon catalyzed ODH
reactions 478-480
surface area 458
surface oxygenated groups 459-460
carbon artifacts 50-52, 65, 81, 107,
110, 116, 221, 223-225, 372
carbon based knitted fabric 671
carbon black (CB) 53, 66, 914
acetylene black process 48,571
adsorption properties 549-550
aggregates 537, 548, 577-580
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chemical composition and surface
chemistry 553-555
density 550
economic aspects 587-589
electrical conductivity 550-552
electron microscopy 574-575
environmental aspects 573-574
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furnace black process 559-567
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Hiils electric arc process 572
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morphology 534-549
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oxidative after treatment 572-573
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534—
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vs.soot 589
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581-582
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320
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carbon catalysts 457, 472, 475,
481-482, 485-486, 527
carbon catalyzed reaction systems
467-469
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carbon coatings 390, 411, 417, 751
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carbon electrodes 5, 52, 54, 322
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civil engineering 670-672
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development of 39-40

economic aspects 672-679
fabrics 55
fundamentals 605-608

gas phase-grown 66

graphite fibers 68

graphitization heat treatment 69

history 603-605

isotropic pitch-based 73

mechanical engineering 669-670

mechanical properties 13, 647-650

mesophase pitch-based 74, 79

nomenclature 608-611

PAN-based production process
616-643

physical and chemical properties
656—659

pitch-based production process
614-616

polyacrylonitrile-based 77

producers and capacity 14

production cost 13-14

properties  647-659

raw materials 611-613

rayon based production process
613-614

in reinforced composites

sports industry 669

stabilization treatment of
thermoplastic precursor fibers
85

structure 650-656

textile applications 659-663

type HM (high modulus) 55,79

type HT 55-56

type IM (intermediate modulus) 56

type LM (low modulus) 56, 73, 79

type UHM (ultra-high modulus) 55,
57

wind energy 667-669
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carbon fiber reinforced carbon (CFRC)

1, 374, 740
aircraft brakes 808
bolts 803
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chemical corrosion  790-794
coating for oxidation protection 794
component design and construction
794-803
compression strength 799
cost efficient components 742
3D CFC net-shape structures 762
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delamination of fiber—matrix
interface 777,778
elastic moduli 801
electrical resistance 786
fabrication 752
autoclave technology 758-760
densification 762-764
gas phase deposition 765-772
joining methods 760-762
liquid impregnation 764-765
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winding process 756-758
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775
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flexural strength and modulus 780
fracture toughness 776
graphitization 772-773
as heat conductor 778
interlaminar shear test 780
longitudinal cracks 804
microstructure 777
molding glass 810
nuclear technology 815
ordered packings 810
oxidation and oxidation protection
790-794
oxidation behavior 791
pipe test sample 805
pitch-based carbon fibers 785
raw materials 743
additives (fillers) 748-749
matrix resins 745-748
pitch 749-750
pitch fibers 745
polyacrylonitrile fibers 744
pyrocarbon 751-752
rayon fibers 744-745
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carbon fiber reinforced carbon (CFRC)
(contd.)
rocket nozzles 808

warm pressing 839
wet filament winding 839
carbon fiber reinforced polymer (CFRP)

shrinkage cracks 777
surface-treated vs. untreated carbon
fibers 777
tensile straps 779
testing 804
thermal conductivity 778
thermophysical properties 781-786
thermotechnical application 778
tribological properties 786-790
turbine wheels 809
unidirectionally reinforced 784
working temperature 815
carbon fiber reinforced composites
aerospace applications 725-726
automotive application 727-728
boat and ship building 730-731
building applications 735-736
design and simulation 717-719
economic aspects 736-737
impregnation 713
industrial applications 731-734
laminated unidirectional (UD) layers
699
manufacturing technologies 698
matrix resins 700

mechanical properties 719-725
medical applications 734-735
offshore applications 729-730

performance of composites 721

reinforcement geometries 698

sandwich structures 700

simulation of 3D reinforced
composites 716

sporting goods 730

thermoplastic matrix systems
712-717

thermoset matrix systems 701-711

wind-energy facilities 728-729

carbon fiber reinforced plastic (CFRP)
1, 3, 608, 698, 742, 827

autoclave technique 838

C-fibres 843

pyrolysis of 840

RTM process 838

12,13, 119, 212, 698-737
carbon fiber reinforced ceramic
composites
oxidation stability 825
properties
C/SiC materials 847
crack bridging 847
disadvantages 845
energy dissipating mechanisms
847
weight specific strength of
materials 846
SiC materials 826
TPS, reusable spacecraft 825
carbon fiber-based diffusion media
439
carbon material(s) 40, 57, 70, 81
activated carbon 49
agranular carbon 49
amorphous carbon 49-50
coke 52
granular carbon 67
graphitic carbon 68
isotropic carbon 73
and market value 1,2
microporous carbon 75
particulate carbon 78
physical properties 332
polygranular carbon 80
properties 338
pyrolytic carbon 82
carbon mix 50-51, 57, 65, 84, 217
carbon molecular sieves 494, 513
carbon nano-materials 1, 392,

413-415, 419, 427, 439, 440, 447,

461, 886
carbon nanofibers (CNFs)
934
carbon nanotubes (CNT) 923
CSCNT 923-929
multi-walled carbon nanotube
908-923
practical applications 892
preparation of 893-894
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quantum effect 891
single and double-walled carbon
nanotubes 894-900
structural engineering of 901-904
structure and electronic properties
891
carbon production
environmental issues 230
polycyclic aromatic hydrocarbons
230
sulphur emission 230
carbon whiskers 57, 69-70
carbon-based electrode materials
425-427
carbon-black oils 184, 196, 201, 204
carbon-carbon composite 53, 440,

609, 648
carbon-coated spheroidized natural
graphites 404, 407

carbon-free anode materials 404
carbon/graphite-silicon and composites
412
carbonaceous adsorbents
adsorption properties
chemical properties 497, 498
mechanical properties 497
quality control  500-503
types of 493-97
carbonaceous mesophase 51, 57, 58,
74, 85, 97-98, 107, 192
carbonization 49, 54, 58-61, 65, 73,
75,78,79, 85,99, 154155, 442,
512,763
of stabilized PAN  637-643
carbonized glass fiber reinforced plastic
(GRP) 742
CarboTech process 512,513
carbothermic process 9
carbyne 25,29, 885, 890, 929
carobonization 51

498-500

cartesian 3D braiding and round
braiding 706

casting devices, for steel 320

casting process 291-292, 339, 342

Castner furnace 99, 113, 223-225

catalyst and catalyst support 381, 525

catalyst cracking residual oil 556

Index

catalyst-coated backing (CCB) 446

catalytic chemical vapor deposition
(CCVD) 893-895, 902-903,
922-923, 930, 938

catalytic cracker decant oil 556

catalytic graphitization 29, 58, 100,

223
cathodes 380
graphite 7

production by grade 7
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classification 275-277
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lifetime 277-278
Spent Potlining (SPL) 280
surface-profiled cathodes
wear phenomena 278
wettable cathodes 278, 279
cathodic stability 380
C/C-SiC materials 826, 828, 837, 841,
847, 850, 853, 856—862, 867, 872
Celanese test 799
cellulose (rayon) fibers 431, 612
cellulose-based carbon fibers 745
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825-826, 828, 842, 845, 87, 865,
868, 870-871
ceramics 344-345, 353, 825-874
cetyl trimethyl ammonium bromide
575
C-Fibre-Yield 638
chamber coking process
156, 158, 174
chaoite 29
char 49, 51,59, 75, 85, 107, 284
charcoal 35, 38, 49, 59, 64, 202, 282,
284-285, 461, 492, 503-505,
511-512
charcoal cloths 64
charge-transfer (CT) mechanism 437,
890
charge/discharge efficiency 380
chemical activation 38, 427, 492, 497,
504, 507-510
chemical purification processes
chemical titration method 473
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chemical vapor deposition (CVD)
process, CFRC fabrication 766,
770
chemical vapor infiltration (CVI)
CEFRC fabrication 765, 766, 769, 772
via C/SiC materials 829, 830
gaseous precursor 826
G-CVI methods 833
I-CVI 831
MTSand H, 829
production plant 771
schematic overview of 827
setup of temperature- and
pressure-gradient 772
chemisorption 374, 401, 499, 514, 519
Cherry-T process of Osaka Gas 189,
192
clay pigeon pitch 194
clay-bound graphite crucibles 169
CMC brake systems 871
coal bitumen 172-173
coal derived pitch coke 52, 59
coal tar(s)
coke-oven 177,179
electrode pitches from 191
history 173-174
industrial importance 174
low-temperature 201
coal tar distillates (CTD) 556-557
coal tar oil 196, 199, 202, 534,
556-557
coal tar pitch(es) 50, 59-61, 81,
113-117, 172, 231, 254
high-pressure liquid chromatogram
178,183
properties 259
coal tar pitch coke 113, 150-163,
189-196
sources for 108
coal-derived pitch coke 52,59
coal-tar oils  196-199, 202, 534,
556-557
coal-tar pitch processing
cooling 189-190
electrode pitch production 190-194
coalification 58, 60, 114
Coalite process 199, 200
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161-162, 240, 249, 308, 310,
338-339, 358, 361, 374, 732-733,
740, 759, 761, 778, 781, 786787,
793-794, 825-826, 847, 853, 858,
866
coefficients of friction (COF) 845, 861,
869-870, 872—-873
coke 52,54, 60, 61, 65, 67, 76, 85
breeze 61
quality 110
coke-oven coal tars 175, 184-199, 201,
203
catalytic polymerization 184-185
coking 185
constituents 179
crystallization 184
distillation 184
extraction 184
gas chromatogram 177-178
properties 177
refining and processing 184, 185
thermal polymerization 185
coking
delayed 110, 125, 130
fluid 109, 132,133
colloidal carbon 53, 61, 67,78
colloidal graphite 67
colloidal nanoparticles 463-464
commercialized active materials
amorphous carbons  407-409
carbon/graphite-silicon and
composites 412-413
graphitized mesophase carbons 409
Li metal electrode 413
lithium storage metals 413
LTO 413
natural graphite 409-411
synthetic graphite 411-412
conductive additives 379, 381,
389-390, 415-417
conductive blacks 551
consumption mechanisms, of graphite
electrodes 304
continuous consumption, graphite
electrodes 304



continuous vacuum distillation
116
continuous-layer filtration 522
conventional carbon fiber (CF)
Coulombic efficiency 380, 391,
398-399
14C radiocarbon dating 21
creep strain 360, 361
cross-ply laminate 724, 828
crude coal tar 185, 556
crude oil  1-2, 20, 23, 26, 108—109,
112, 122, 124, 146, 556, 614
crystallites 63, 73, 92, 100, 123-124,
144, 237, 351-352, 354—-355, 358,
432, 491, 538-541, 925
C/SiC brake systems 826, 836,
843-845, 846, 860, 870-871
C/SiC materials 826
aeronautics 868-869
friction systems 869-874
material composition and
microstructure 847-849
mechanical properties 849,
851-853, 854—857
oxidation and corrosion 858-860
satellite structures 866—-868
space applications 862
space propulsion systems 863-866
thermal properties 853, 858
TPS system 862-863
tribological properties 860-861
cup-stacked carbon nanotube (CSCNT)
electrochemical reaction 925-928
metal nanoparticles 924-925
cupola furnace 285, 320
current collectors  346-347, 379, 387,
389, 402, 416-417, 436
cvd diamond 40, 62, 63
cycle life 16, 380, 386—387, 413
cyclic voltammetry 908

908
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3D braiding machine 9, 706

3D reinforced braided tube 25,722

decommissioning, of
graphite-moderated reactors
361
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Degussa gas black process 534, 569
delayed coke 61-62, 125
delayed coker 110-111, 123, 125, 130,
144, 152-153, 155, 189
delayed coking processes 2, 59,
61-62,76, 81, 110, 122, 125,
128, 130, 135, 150-151, 155-157,
159
density of states (DOS) 894, 929
deposition precipitation (DP) method
461, 463
deoxidation agents
diamond 28, 62, 70
by chemical vapour deposition 62
properties 91
diamond-like carbon (dlc) films
63,72
diborane (B,Hy) 21
dibutyl phthalate absorption (DBPA)
548, 578
diesel fuels 184, 196, 199, 202
dimethylacetamide (DMAC) 619
dimethylformamide (DMF) 528, 617,
619
direct dehydrogenation (DH)
469-471
discontinuous consumption, graphite
electrode 306, 311
disk centrifuge photosedimentometry
(DCP) 548, 578
displacements per atom (dpa) 355
disseminated flake graphite deposits
94, 165
distortions 538-539, 578, 760, 773
double-walled carbon nanotube
(DWNT)
highly-functional composite materials
904-908
nano-templates 900
porous material 896-900
superconducting nanowires 901
drinking water 493, 522-523, 525, 528,
591
dry aggregate preparation 255-260
dry spinning 616, 618, 619
carbon fibers 619
dump-site leachates
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e
EAF steel production 2, 4, 287, 290,
298
e-beam curing 711
effect of porosity on capacitance
423-425
EG foils 370
EG plates 369-370
EG-based flat gaskets and packing
glands 367
EG-based gaskets 367-368
elastic constant C;; 648
electric arc furnace (EAF)
direct reduced iron 287
ladle furnace 295
major development steps

144, 287

309
steel recycling in
ACvs. DCEAF 293-295
desoxidation agents 291
EAF components 289
EAF slag composition 292

graphite electrodes 287, 290
market for 312
operation cycle 289, 290

291
scrap smelting 308
specific input/output balance
293
technical oxygen 291
electrical conductivity of carbon blacks
550-552
electrical discharge layer capacitors

refining phase

(EDLC) 16, 386-387, 420-423,
425-427

electrical discharge machining 10, 342,
343

electrically calcined anthracite (ECA)
115, 322-323, 327
electrochemical double-layer capacitors
(EDLCs)
carbon-based electrode materials
425-427
cell capacitance 422
cell voltage 423
effect of porosity on capacitance
423-425

Helmholz model 421

electrochemical reaction 390, 421,
925-928
electrode pastes 190-191, 326-329
properties of 328
electrode pitches
bench-scale processes 191
benzo[a]pyrene content reduction
194

caking and binding properties 190
characteristics 191
Cherry-T process of Osaka Gas 192

coking behavior of 193
quinoline insolubles 191
uses 190
electrographite 63, 86, 346
electrolysis cell 6-7, 244-245,
275-278
electrolytic smelting 150
electromagnetic (EM) mechanism
890
electron microscopic surface area
546-547, 550, 575
electron microscopy 92-94, 365,
534-538, 547-548, 574575,
651, 655, 774, 895, 902—-903
ELSA-electrode 326
emergency brakes 872, 873
emergency runner system, Transrapid
873, 874
empirical Freundlich isotherm 499
endless carbon fibers 666
environmental aspects 119, 141,
230-232, 573-574, 677
environmental issues, in carbon and
graphite production 230
equivalent Stokes diameter 578
ethylene cracker oil 556
ethylene-propylene diene monomer
(EPDM) 913-914
exfoliated graphite 63-64, 364
exfoliation of natural graphite
expanded graphite (EG) 364
annual production of 370
conductive fillers 368, 369
foil for sealing application 367-368
morphology of 364
percolation threshold 368
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properties 365-367
SEM micrographs 365
extended bent layers 538
extra conductive (EC) blacks 551
extrusion 215-216, 237, 323, 351-352,

430, 583, 619, 723

f
fabric-reinforced CFRC  780-783,
786-787,795-796, 799, 805
fast neutron irradiation effects, on
graphite 355
dimensional changes 355, 357
irradiation creep 359-361
tensile strength 359
thermal conductivity 358

thermal expansion coefficient 356
thermal resistivity 358
Young’s modulus 358-359

fiber reinforced thermoplastics 714

manufacturing process 712

fibre reinforced plastics (FRP) 2, 826,
861
fibrous activated carbon 64, 75
fibrous carbon 64, 613
filament winding 666, 698, 701, 727,
756, 828, 834835, 838-839, 863

carbon fibers 702
filamentous carbon 64, 69-70
filler 50, 65, 67

graphite flour 65

semicoke 84
filler coke 57, 65-66, 75, 352
fine grained graphite

demand for 11

producer 12
fine thermal (FT) blacks 571
fine-grained foundry pitches 194
fine-grained graphite powders 170
fine-particle graphites 415-416
fire and heat protective apparel
fire-retardant textile fibers 660
flake natural graphite 94
flash distillation 186
flexicoking process 109-110, 134, 135
filamentous carbon 64, 69-70, 886
flow battery technology 428
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flow-through electrodes 428
flue gas cleaning 521
fluid catalytic cracker oil (FCC)
109-110, 556-557
fluid coke 65, 109, 125, 134
fluid coking 65, 109, 122, 132-134
fluidized bed furnaces 504, 507, 509,
512
fluorinated polymers 444
fluorochlorinated hydrocarbons
(ECHCs) 336
fluxing oils 184, 196, 199, 201, 202
foaming slag 291, 303, 305
food and beverage processing 523

food contact regulations 591
formation cycles 380
forming methods 215-217, 237

fractal geometry of carbon black
aggregates 549
fractional distillation 152, 156
friction welding of thermoplastic fiber
reinforced polymer composites
715
fuel cells 16,17
bipolar plates 439-440
gas diffusion electrodes 440-448
gas diffusion layers 440-448
fuel oils 118, 125, 134, 184, 196, 199,
200-202, 204
fullerenes 17, 21, 23-25, 30, 33, 40—42,
66, 480, 485, 538, 885-886, 895,
900-901, 932-933, 938
furan resin 211, 227, 612, 747, 762,
790
pyrolysis decomposition products
763
furfuryl alcohol 51, 212, 433, 447,
747-748, 764
furnace black process 37, 66, 196, 534,
537, 557-563, 565, 567-569,
573
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gamma radiation 354

gas activation 38, 427, 492, 504505,
507, 510-512

gas black process 37, 534, 567-569
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gas diffusion electrodes (GDEs)
439-441, 443
and catalyst layers 446-448
gas diffusion layer (GDL) 16, 440—448
production capacity 18
gas diffusion layer substrates 442-444
gas phase-grown carbon fibers 66, 610
gas separation 520
gas-calcined anthracite (GCA) 115,

275, 327

gas-cooled graphite reactors, lifetime of
359

gas-phase applications 495, 500,
515-521

gas-phase pyrolysis 96, 101
gas-phase-grown carbon fibers
66, 610
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