
A 

Acid-base chemistry, very fast chemical reac- 

Activity coefficient, 19 
AD1 methods, see Alternating direction implicit 

AFI methods, see Approximate factorization im- 

AHP, see Analytical hierarchy process 
Airborne emissions, petroleum refinery, 

Air pollution, petroleum refinery sources, 332, 

Algebraic stress model (ASM), 239,258 
Alternating direction implicit (ADI) methods, 

Aluminides, combustion synthesis, 92, 101-102, 

Aluminum nitride 

tions, 264 

methods 

plicit methods 

341-342 

348-349,352-353 

247 

183, 189, 190-191, 195 

applications, 110, 11 1 
powders, properties, 109-110 
production costs, 118 

pollution prevention, 330-398 
Amoco Corp. 

follow-up, 397-398 
identifying options, 332-335.351-360 
implementing solutions, 382-396 
inventory of refinery releases, 33 1-332, 

modeling options, 363-369 
ranking options, 333-334,360-384 
regulatory requirements, 378-382 

Yorktown refinery, 335-337.354355, 

337-351 

384-385.388-390 
barge loading emission reduction, 389, 

39C-391 
blowdown stacks upgraded, 389, 

393-394 
LDAR program, 389,395-396 
schematic diagram, 336 

soil intrusion into drainage system, 389, 

storage tank secondary seals, 389,391-393 
Analytical hierarchy process (AHP), 333, 

376-378 
Approximate factorization implicit (AFI) 

methods, 247 
ASM, see Algebraic stress model 
ASTEC (software), 253 
Axial centrifuge, 95 
Azeotropic composition, linear algebra, 20 

394-395 

B 

Bimolecular reactions, kinetics, 4 2 4  
Bismuth compounds, ferroelectric laminated, 

114-115 
Blowdown stacks 

airborne emissions, 332, 348 
pollution prevention by upgrading, 393-394 

combustion synthesis, 89,92,99-100, 197 
thermodynamics, 153 

powders, properties, 97 

Borides 

Boron nitride, 110, I1 1 
Bubble columns 

computational fluid dynamics (CFD), 

discrete bubble model, 300-301 
volume of fluid (VOF) model, 301-3 11 

267-270,271,298,300 

Bubble point pressure, 19 

C 

Carbides 
combustion synthesis, 89.96-99, 115, 

186-187 
thermodynamics, 153 

powders, properties, 97 

40 1 
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CARPT, see Computer-aided radioactive parti- 

Casting, self-propagating high-temperature syn- 

Cellular models, combustion wave, 130-134 
Cemented carbides, gasless combustion synthe- 

Centrifugal SHS casting, 94-95, 11 5 
Ceramics 

cle tracking 

thesis with, 93-95 

sis, 97.98 

combustion synthesis, 91,95,98,99, 100 
nitride based, 89, 107-112 
Ti-C-B system, 100 

combustion synthesis, 91,95, 115 
properties, 98 

CFDLIB code, 268 
Chalcogenides, gasless combustion synthesis, 

89,106 
Chemical equilibria 

Cermet alloys 

behavior in neighborhood of, 2 6 2 8  
heterogeneous, 28-30 
homogeneous, 22-28 

Chemical furnace, 92 
Chemically reactive flows, computational fluid 

dynamics (CFD), 260-265 
Chemical reactions; see also Reaction 

networks 
extent of reaction, 4 
heterogeneous chemical equilibria, 28-30 
homogeneous chemical equilibria, 22-28 
independence of, 4 
rate of reaction, 23 
reaction label, 10-1 1 
residence time distribution (RTD) experi- 

very fast, 264 
very slow, 263-264 

ments, 230-231 

Chromium carbide, combustion synthesis, 

Circulating fluidized bed (CVB) reactor 
115 

KTGF study, 296-298 
riser, 276-277 

Clean Air Act, petroleum refinery, 387-388 
Cocurrent infiltration, 146 
Combustion synthesis (CS), 80,81, 83, 84 

commercial aspects, 117-120 
green mixture preparation, 87-88, 105, 

infiltration combustion synthesis, 82 
materials synthesized, 96 

162-169 

aluminides, 92, 101-102, 183, 189, 

borides, 89,92,97,99-100,153, 197 
carbides, 89,9699, 115, 153, 186-187 
chalcogenides, 89, 106 
diamond composites, 103 
ferroelectric materials, 114-1 15 
functionally graded materials, 104-106 
high-temperature semiconductors, 9 1, 

hydrides, 11 2 
intermetallic compounds, 89,91, 102, 103, 

nitrides, 89, 107-112, 153 
oxides, 112-115 
semiconductors, 91, 113-114 
silicides, 89,92,97, 101, 153 
Ti-C-B system, 100 

1W191, 195 

113-114 

106, 107, 153, 170,171-172, 174 

mechanism for structure formation, 180-182, 
203-206 

by time-resolved X-ray diffraction, 

microstructure of combustion wave, 

quenching, 183-189 
using model systems, 190-194 

process parameters, 151, 181-183 
combustion wave properties, 86-87 
dilution, 158-162 
gravity and, 177-180 
green mixture density, 163-169 
ignition conditions, 173-174 
initial temperature, 174-176 
particle size, 169-173 
sample dimensions, 176 
thermodynamics, 152-158 

195-197 

197-203 

reactor, 88-89 
spin properties, 87 
techniques 

gasless combustion synthesis, see Gasless 
combustion synthesis 

gas-solid combustion synthesis, 82, 

laboratory techniques, 84-87 
oscillating combustion synthesis, 86-87 
powder production and sintering, 88-89 
reduction combustion synthesis, 82 
self-propagating high-temperature synthe- 

sis (SHS), see Self-propagating 
high-temperature synthesis 

107-115 
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shock-induced synthesis, 92 
solid-gas systems, 107-1 15 
steady SHS process, 86 

cellular models, 130-134 
combustion wave propagation theory, 

86-87, 120-127 
filtration combustion, 138-151 
gasless combustion, 120-127, 135-138, 

microstructural models, 127-130 

theory, 120 

151 

thermal explosion mode, 82 
volume combustion synthesis, see Volume 

combustion synthesis 
Combustion wave 

propagation 
cellular models, 130-134 
microstructural models, 127-130 
stability, 135-138 

microstructure of, 197-203 
properties, 86-87 

quenching, 183-189 
steady propagation, 86 
temperature profile for preheating zone, 126 
velocity, 120-126 

Component label, linear algebra of stoichiome- 

Computational fluid dynamics (CFD), 227-228, 
try, 9-10 

234 
chemical engineering and, 229,231-234, 

chemically reactive flows, 260-265 
complex rheology, 259-260 
fluid-solid systems, 273-279 
gas-liquid-solid systems, 279-28 I 
gas-liquid systems, 267-274 
laminar flows, 254257 
liquid-liquid systems, 273 
multiphase systems, 265-28 1 
single-phase systems, 254-265 
turbulent flows, 257-259 
viscoelastic flow, 260 

bubble columns, 298-3 11 
laminar entrained flow reactor, modeling, 

253-254.314-315 

circulating fluidized beds, 296-298 

311-313 
defined, 229,236 
experimental validation, 282-287 
history, 234236 
liquid-liquid systems, 273 

numerical techniques, 244-247 
multiphase systems, 249-25 1 
single-phase systems, 247-249 

software, 251-253 
theory, 236 

multiphase systems, 242-244 
single-phase systems, 237-241 

discrete particle simulation of gas fluidized 

two-fluid simulation of gas fluidized beds, 

at Twente University (Netherlands), 287 

beds, 291-296 

287-291 
Computer-aided radioactive particle tracking 

( C A W ) ,  computational fluid dynamics 
(CFD), 285,288 

Conservation equations, laminar flow, 242 
Conservation of mass problem, 21 
Continuous description, linear algebra of stoi- 

Convexity, linear algebra of, 15-17 
Cooperative uniform kinetics, CSTR, 5 1-52 
Copper block, for combustion synthesis quench- 

Countercurrent infiltration, 144-147 
Cracking 

chiometry, 7-13 

ing, 184-185 

kinetics, 44-46 
modeling, 263 

tion, 344 
Cross-media transport, petroleum refinery pollu- 

CS, see Combustion synthesis 
CSTR, kinetics, 50-51,55-57 
CVB riser, see Circulating fluidized bed riser 

D 

Damkohler number, 262 
Densilication, self-propagating high-tempera- 

Diamond composites, gasless combustion syn- 

Diffusion, interference with, 57-59 
Digital particle image velocimetry (DPIV), 258, 

Dilution, combustion synthesis and, 158-162 
Direct numerical simulation (DNS), 241,258, 

Discrete bubble model, 300-301 
Discrete description, linear algebra of stoi- 

ture synthesis with, 89-92 

thesis, 103 

283-284 

26 1 

chiometry, 3-7 
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Discrete particle simulation, gas fluidized beds, 

DNS, see Direct numerical simulation 
DPIV, see Digital particle image velocimetry 

291-296 

E 

Eddy-viscosity model, 239,240 
Effectiveness factor, porous catalysts, 58-60 
Effluent discharge, inventory of refining re- 

Electrothermography, combustion synthesis 

ESTET-ASTRID (software), 253 
Eulerian-Lagrangian methods, 243 

bubble columns, 267,268,269 
multiphase flows, 250-25 1,272 

bubble columns, 267,268 
multiphase flows, 249-250 

leases, 332 

studies, 190 

Eulerian methods 

Exact lumping, 32-34 
Extent of reaction, linear algebra, 4 
Extrusion, self-propagating high-temperature 

synthesis, 92 

F 

FC, see Filtration combustion 
FCC, see Fluidized catalytic cracking 
FDM, see Finite difference methods 
Feinberg approach, network topology, 64-66 
E M ,  see Finite element method 
Ferroelectric materials, combustion synthesis, 

Ferrovanadium, 107 
FGMs, see Functionally graded materials 
Fick’s law, 238 
FIDAP (software), 253 
Filtration combustion (FC), 82, 138-149 
Finite difference methods (FDM), 246 
Finite element method (FEM), 249,260 
Finite volume methods (FVM), 247,260 
First-order intrinsic kinetics, CSTR, 5 1 
First-order kinetics, irreversible, 35-36 
FLOW3D (software), 253 
Flow patterns, 229-230 
Flow reaction, with axial diffusion, 60 
FLUENT (software), 253,264 

114 

FLUFIX (software), 253 
Fluid dynamics 

computational, see Computational fluid dy- 

history, 234-235 
namics 

Fluid flow, multiphase systems 
computational fluid dynamics, 242-244 
fluid-solid systems, 274-279 
gas-liquid-solid systems, 279-28 1 
gas-liquid system, 267-273 
liquid-liquid systems, 273 
numerical techniques, 249-25 1 

patterns, 229-230 
single-phase systems 

chemically reactive flows, 26G265 
complex rheology, 259-260 
computational fluid dynamics (CFD), 

laminar flow, 254-257 
numerical techniques, 247-249 
turbulent flow, 257-259 

namics (CFD), 275-279 

reactors, 277 

237-241 

Fluidized bed reactors, computational fluid dy- 

Fluidized catalytic cracking (FCC), riser-type 

Fluid-solid systems, 273 
computational fluid dynamics (CFD) 

fluidized bed reactors, 275-279 
packed-bed reactors, 273,275 

Forced gas permeation, 149-150 
Frank-Kamenetskii approximation, 124 
Functionally graded materials (FGMs), 104-106 
FVM, see Finite volume methods 

G 

Gamma distribution, 10, 54 
Gamma-ray densitometry, computational fluid 

dynamics (CFD), 286 
Gas fluidized beds 

discrete particle simulation, 291-296 
two-fluid simulation, 287-291 

Gasless combustion synthesis, 82,96107 
combustion wave propagation, 120-126 
green mixture for, 162-165 
materials synthesized by, 96 

aluminides, 101-102 
borides, 89,99-100 
carbides, 89 ,9699 
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chalcogenides, 89, 106 
diamond composites, 103 
functionally graded materials, 104-106 
intermetallic compounds, 89, 102, 103, 107 
silicides, 89, 101 
Ti<-B system, 100 

thermodynamics, 154 
Gas-liquid solid systems, 279 

slurry rectors, 280 
trickle-bed reactors, 279 

Gas-liquid stirred tank reactors, computational 

Gas-liquid systems, 267 
fluid dynamics (CFD), 270,272 

computational fluid dynamics (CFD), 
267-273 

bubble columns, 267-270,271 
gas-liquid stirred tank reactors, 270, 272 

Gas pressure combustion sintering, 92 
Gas-solid combustion, 82 

green mixture for, 165-169 
hydrides by, I12 
initial temperature, 174 
nitrides by, 107-1 12,189 
oxides by, 1 12- 1 1 5 
quenching, 185 
sample diameter, 176 
thermodynamics, 156158 

General micromixing model (GMM), 261 
Gibbs-Duhem equation, 62 
Gibbs free energy, 23-24,28-29 
Global convexity, 16 
Global system models, 232-233 
GMM, see General micromixing model 
Gravity, combustion synthesis and, 177-1 80 
Green mixture 

for gasless systems, 162-165 
for gas-solid systems, 165-169 
preparation, 87-88, 105 

Grid generation, 245 
Groundwater contamination, petroleum refinery, 

Group IV metal carbides, gasless combustion 

Group Va carbides, combustion synthesis, 99 

332,344,354 

synthesis, 8 9 , 9 6 9 9  

H 

Hafnium carbide, combustion synthesis, 91,96 
Hafnium nitride, properties, 108 

“Hard sphere” model, 277 
Hazardous waste, petroleum refinery, 339,341 
Heterogeneous chemical equilibria, 28-30 
High-temperature superconductors, combustion 

Homogeneous chemical equilibria, 22-28 
Hot isostatic pressing (HIP), self-propagating 

high-temperature synthesis, 92 
Hydrides, combustion synthesis, 112 
Hydrocarbides, synthesis, 112 
Hydrocyclones, 272 
Hydronitrides, synthesis, 112 

synthesis, 91, 113 

I 

Infiltration combustion synthesis, 82, 138 
Interaction by exchange with the mean model 

Intermetallic compounds 

174 

(IEM), 261 

combustion synthesis, 91, 102, 106, 171-172, 

thermodynamics, 153 
hydrides, 112 
“solid” flame systems, 170 

Inventory, of refinery releases, 33 1-332, 
337-351 

K 

k-e model, 258,259 
Kinetics 

of combustion synthesis 
combustion wave propagation models, 

combustion wave velocity, 120-126 
filtration combustion, 138-149 
forced gas permeation, 149-150 
stability of gasless combustion, 135-138 

of multicomponent mixtures, 2 
bimolecular reactions, 4 2 4 4  
cooperative uniform kinetics, 5 1-52 
cracking, 44-46 
first-order intrinsic kinetics, 51 
irreversible first-order kinetics, 35-36 
irreversible nonlinear kinetics, 3 7 4 0  
lumping, 2, 13-14.30-34 
number density function, 4 8 4 9  
parallel reactions, 4 1 4 2  

126-135 
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Kinetics (Continued) 
polymerization, 4 6 4 7  
reaction networks, 40-47 
reversibility, 40 
sequential reactions, 4 1 4 2  

296 
Kinetic theory of granular flow (KTGF), 276, 

KIVA I and I1 (software), 253 

L 

Laminar entrained flow reactor (LEFR), model- 

Laminar flow 
ing,311-313 

computational fluid dynamics (CFD), 
254-257 

around bluff bodies, 256 
in ducts, 254-256 
in stirred vessels, 256 

conservation equations, 242 
Laminated metallic foils, combustion synthesis 

Large eddy simulation (LES), 241,258,262 
Laser Doppler anemometry (LDA), computa- 

tional fluid dynamics (CFD), 283,288 
Laser-induced fluorescence, computational fluid 

dynamics (CFD), 284,288 
Lattice-gas automata (LGA), 278 
Layer-by-layer combustion, 165, 166 
LEFR, see Laminar entrained flow reactor 
Liquid-liquid systems, computational fluid dy- 

Local convexity, 16 
Loop reactors, 272 
Lumping 

studies, 190-191 

namics (CFD), 273 

defined, 10,13-14,30-32 
exact lumping, 32-34 
notation, 14 
reaction network, 47 

M 

Marker and cell (MAC) method, 248.25 1 
Maximum mixedness reactors, kinetics, 52-54 
Maximum segregation reactors, kinetics, 52 
MELODIF (software), 253 
Merization system, 6 
Metallic nitrides, combustion synthesis, 

107-1 08 

Metastable set, 17 
Method of moments, 20-22 
Mg-Ni intermetallic compound, 106-107 
Microbalance models, 232-233 
Microgravity, combustion synthesis and, 

Microheterogeneous cell model, combustion 

Micromixing models, 262-263 
Microstructural models, combustion wave, 

Mixed Eulerian-Lagrangian method, 273 
Modeling, 232-233 

179-179 

wave, 133 

127-130 

combustion synthesis 
cellular models, 130-134 
microcellular models, 127-130 
microheterogeneous cell models, 133 
reactant interaction, 190-194 

cracking, 263 
experimental work and, 233-234 
global systems models, 232-233 
laminar entrained flow reactor (LEFR), 

microbalance modeling, 232-233 
pollution prevention options, 363-369 
Reynolds stresses, 238,239 
turbulent flow, 239-241 

Molecular dynamics, 278 
Molybdenum carbide, combustion synthesis, 

Molybdenum silicide 

3 11-3 13 

115 

combustion synthesis, 92, 101, 119 
properties, 97 

tems, 172 
Molybdenum-silicon system, "solid" flame sys- 

Moment methods, 262 
Monomolecular system, 30 
Multicomponent mixtures, 1-3 

Feinberg approach, 64-66 
kinetics, 2 

bimolecular reactions, 4 2 4  
cooperative uniform kinetics, 5 1-52 
cracking, 44-46 
first-order intrinsic kinetics, 5 1 
irreversible first-order kinetics, 35-36 
irreversible nonlinear kinetics, 3 7 4 0  
lumping, 2, 13-14.30-34 
number density function, 48-49 
parallel reactions, 41-42 
polymerization, 46-47 
reaction networks, 40-47 
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reversibility, 40 
sequential reactions, 41-42 

linear algebra of stoichiometry, 2 
continuous description, 7-13 
discrete description, 3-7 

mathematical concepts, 66-69 
network topology, 64-66 
orthogonal complement, 7.25-26,61 
reactors, 49-50, 6 M 1  

CSTR, 50-51,55-57 
interference with diffusion, 57-60 
maximum mixedness reactors, 52-54 

Nitrides 
combustion synthesis, 89, 107-1 12 

properties, 108 

tures, 19-20 

thermodynamics, 153 

Nonideal liquid solutions, multicomponent mix- 

Nonisothermal reactors, kinetics, 54-55 
Nonlinear kinetics, irreversible, 37-40 
Nonmetal carbides, combustion synthesis, 99 
Nonmetallic nitrides, combustion synthesis, 

NPV, see Net present value 
108-112 

maximum segregation reactors, 52 
multiplicity of steady states, 55-57 

Nuclear magnetic resonance imaging, computa- 
tional fluid dynamics (CFD), 284 

nonisothermal reactors, 54-55 
plug flow reactors, 57 

heterogeneous chemical equilibria, 

homogeneous chemical equilibria, 

phase equilibria, 1 6 2 2  

namics (CFD), 242-244 
fluid-solid systems, 273-279 
gas-liquid-solid systems, 279-28 1 
gas-liquid systems, 267-273 
liquid-liquid systems, 273 
numerical techniques, 249-25 1 

thermodynamics, 2 

28-30 

22-28 

Multiphase systems, computational fluid dy- 

Multiple steady states, 55-57 

N 

Natural permeation combustion, 138, 139 
NEKTON (software), 253 
Net present value (NPV), pollution prevention 

options, 361-363 
Network topology, Feinberg approach, 64-66 
Nickel aluminides, combustion synthesis, 92, 

101-102, 183. 189, 190-191, 195 
Niobium-boron mixtures, "solid" flame sys- 

tems, 170 
Niobium carbides 

gasless combustion synthesis, 99 
properties, 97 

Niobium nitride, 107 
properties, 108 

Niobium silicide, combustion synthesis, 92 
Nitride-based ceramics, combustion synthesis, 

107- 1 1 2 

Nucleation, 16 
Number density function, 4 8 4 9  
Numerical grid generation, 245 

0 

Orthogonal complement, 7.25-26,61 
Oscillating combustion synthesis, 86-87 
Oxides, combustion synthesis, 112-1 15 

P 

Packed-bed reactors, computational fluid dy- 
namics (CFD), 273,275 

Parallel reactions, kinetics, 41-42 
Particle-foil experiments, combustion synthesis 

Particle image velocimetry (PIV), 283-284, 

Particle tracking, computational fluid dynamics 

Partition coefficient, 20 
PDF, see Probability density function 
Petroleum refinery 

studies, 19 1-1 94 

288 

(CFD), 285 

Ammo Corp. Yorktown refinery, 335-336, 
354-355,384-385,388-390 

barge loading emissions reduced, 389, 

blowdown stacks, upgraded, 389, 

LDAR program instituted, 389,395-396 
soil intrusion into drainage syst4em, 389, 

storage tank secondary seals installed, 389, 

390-39 1 

393-394 

394-395 

391-393 
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Petroleum refinery (Continued) 
follow-~p, 397-398 
inventory of refinery releases, 331-332, 

pollution prevention options 
identifying, 332-335,351-360 
implementation, 382-396 
modeling, 363-369 
ranking, 333-334.36384 
regulatory requirements, 378-382 

337-351 

Phase equilibria, 14-15 
approximate methods, 20-22 
convexity, 15-17 
nonideal liquid solutions, 19-20 
Raoult’s law, 17-19 

PHOENICS (software), 252 
Phosphides, gasless combustion synthesis, 

PN, see Particle image velocimetry 
Plug flow reactor (PFR), 57 
Pollution prevention, 330-33 1 

106 

Ammo Corp. Yorktown refinery, 335-337, 

barge loading emissions reduced, 389, 

blowdown stacks upgraded, 389, 

LDAR program instituted, 389, 

soil intrusion into drainage system, 389, 

storage tank secondary seals installed, 389, 

354-357,386385,388-390 

390-391 

393-394 

395-396 

394-395 

391-393 
follow-up, 397-398 
inventory of refinery releases, 331-332, 

options 
337-351 

identifying, 332-335,351-360 
implementation, 382-396 
modeling, 363-369 
ranking, 333-334,360-384 
regulatory requirements, 378-382 

POLYFLOW (software), 253,259 
Polymerization reactions, kinetics, 46-47 
Porous catalysts, effectiveness factor, 

Prandtl-Kolmogorov model, 240 
Prandtl’s mixing length model, 239,240 
Probability density function (PDF), 263 
Pseudomonomolecular systems, 38 

5 8-60 

Q 

Quadrature method, 20-22 
Quantitative financial analysis, pollution pre- 

Quenching, in combustion synthesis, 183-1 89 
vention options, 361-363 

R 

Radial centrifuges, 94-95 
Radioactive particle tracking (RPT), computa- 

tional fluid dynamics (CFD), 285,288 
W A N T  (software), 253 
Ranking options, refinery pollution prevention, 

RANS equations, see Reynolds averaged 

Raoult’s law, 17-19 
Rate of reaction, 23 
Reaction coalescence, 189 
Reaction label, 1&11 
Reaction networks, 4041,74 

bimolecular reactions, 4 2 4 4  
cracking reactions, 44-46 
irreversible kinetics, 35-40 
parallel and sequential reactions, 41-42 
polymerization, 46-47 

Reduction combustion synthesis, 82 
Reference components, 7 
Refinery release inventory, 331-332,337-351 
Residence time distribution (RTD) experiments, 

Resource Conservation and Recovery Act, 388 
Reversibility, kinetics, 40 
Reynolds averaged Navier-Stokes (RANS) 

equations, 262 
Reynolds number, defined, 241 
Reynolds stresses, modeling, 238,239 
Reynolds stress model (RSM), 239,258 
RPT, see Radioactive particle tracking 

333-334.360-384 

Navier-Stokes equations 

chemical reactions, 230-23 1 

S 

Selenides, gasless combustion synthesis, 106 
Self-propagating high-temperature synthesis 

(SHS), 81-84 
with casting, 93-95 
centrifugal SHS casting, 94-95, 115 
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commercial applications, 118-1 19 
with densification, 89-93 
with extrusion, 92 
history, 83 
with hot isostatic pressing (HIP), 892 
initiation of, 173 
materials synthesized by 

cermet alloys by, 98, 99 
diamond composites, 103 
ferroelectrics, 114-115 
magnesium nitride, 1 6 1 0 7  
niobium nitride, 107 
silicides, 101 
superconductors, 113 

powders, properties, 9697, 108-1 11 
reactor, 88-89 
steady SHS process, 86 
thermite-type SHS, 115-1 16 
TRXRD studies, 195 

Semiconductors, combustion synthesis, 91, 

SEPRAN (software), 270 
Sequential reactions, kinetics, 4142  
SGS models, see Subgrid scale models 
Shock-induced synthesis, 92 
Shock waves, for combustion synthesis quench- 

SHS, see Self-propagating high-temperature 

Silicides 

113-114 

ing, 185 

synthesis 

combustion synthesis, 89.92, 101 
thermodynamics, 153 

powders, properties, 97 

combustion synthesis, 92.99, 119 
properties, 97 

applications, 110 
combustion synthesis, 108, 109, 118, 

Silicon carbide 

Silicon nitride 

119 
Silicon nitride ceramics, properties, 11 
SIMPLE algorithm, 247 
Simplified marker and cell (SMAC) method, 

248.25 1 
Single-phase systems, computational fluid dy- 

namics (CFD), 237-241 
chemically reactive flows, 26c265 
complex rheology, 259-260 
laminar flows, 254-257 
numerical techniques, 247-249 

turbulent flows, 257-259 
viscoelastic flow, 260 

(CFD), 280 
Slurry reactors, computational fluid dynamics 

“Soft sphere” model, 277 
“Solid” flame systems, 170 
Solid-gas systems, combustion synthesis (CS) 

in 
hydrides by, 112 
nitrides by, 89, 107-1 12 
oxides by, 112-115 

green mixture for, 165-169 
initial temperature, 174 
quenching, 185 
sample diameter, 176 
thermodynamics, 156- 15 8 

Solid waste, petroleum refinery, 339,341,344, 

Steady propagation, combustion synthesis wave, 

Steady SHS process, 86 
Steady states, multiplicity of, 55-57 
Stirred tank reactors, gas-liquid, computational 

fluid dynamics (CF’D), 270,272 
Stoichoimetry, 2 

350-351 

86 

linear algebra, multicomponent mixtures, 
3-14 

Subgrid scale (SGS) models, 262 
Subsurface contamination, petroleum refinery 

discharge, 344,349-350 
Sulfides, gasless combustion synthesis, 106 
Superadiabatic condition, combustion synthesis, 

Superconductors, combustion synthesis, 91, 

Surface combustion, combustion synthesis, 

Surface water, petroleum refinery pollution, 

149-1 50 

113 

165-166 

342-344,349,353-354 

T 

Tantalum-boron mixtures, “solid” flame sys- 

Tantalum-carbon mixtures, “solid” flame sys- 

Tantalum nitride 
combustion synthesis, 107 
properties, 108 

tems, 170 

tems, 170 
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Tantalum-nitrogen system, "solid" flame sys- 
tems, 170 

Thermal explosion mode, combustion synthesis 
(CS), 82 

Thermodynamics 
combustion synthesis, 152-158 

gasless systems, 154 
gas-solid systems, 156 
reduction-type systems, 154-156 

multicomponent mixtures 
heterogeneous chemical equilibria, 28-30 
homogeneous chemical equilibria, 22-28 
phase equilibria, 14-22 

dynamics (CFD), 280 

100 

Three-phase fluidized beds, computational fluid 

Ti<-B system, gasless combustion synthesis, 

Ti<-Ni system, quenching, 187-188 
T i c 0  system, gasless combustion synthesis, 102 
Ti-Fe system, gasless combustion synthesis, 102 
Time-resolved X-ray diffraction (TRXRD), 

combustion synthesis studies, 195-197 
Ti-Ni powders, combustion synthesis, 102 
Titanium aluminides, VCS synthesis, 102 
Titanium boride 

combustion synthesis, 91,92,99-100, 

functionally graded materials with, 105, 106 
properties, 97 

Titanium carbide 
combustion synthesis, 91,92,93,9699, 115, 

commercial production, 119 
powder properties, 97 

combustion synthesis, 107 
properties, 108 

tems, 172 

119-120 

163, 186-187, 197 

Titanium nitride 

Titanium-nitrogen system, "solid" flame sys- 

Titanium silicide 
combustion synthesis, 92, 101, 197 
properties, 97 

Tomography, computational fluid dynamics 

Toxic Release Inventory (TRI), petroleum refin- 

Transition metal carbides, gasless combustion 

Transition metal nitrides, properties, 108 
Transmission electron microscope (TEM), com- 

(CFD), 285-286 

ery, 331-332,345-347 

synthesis, 99 

bustion synthesis studies, 191-192 

Transport phenomena, 229 
Trickle-bed reactions, computational fluid dy- 

TRXRD, see Time-resolved X-ray diffraction 
Tungsten carbide, combustion synthesis, 115 
Turbulent flow 

namics (CFD), 279 

computational fluid dynamics (CFD), 

modeling, 239-241 
257-259 

Two-fluid simulation, gas fluidized beds, 

Two-phase flow, flow regime classification, 266 
287-291 

U 

Unconditional convexity, 16 
UPWIND (software), 267 

v 

Vanadium nitride, combustion synthesis, 107 
Viscoelastic flows, computational fluid dynam- 

Volume combustion synthesis (VCS), 81, 84 

Volume of fluid (VOF) model, 25 1,268,270, 

ics (CFD), 260 

materials synthesized by, 88, 101 

282,301-311 

W 

Wastewater, petroleum refinery, 339 
Water pollution, inventory of refining releases, 

Weissenberg number, 260 
332 

Y 

Yttrium powders, properties, 113-114 

Z 

Zirconium carbide, gasless combustion synthe- 
sis, 97 

Zirconium nitride 
combustion synthesis, 107,183 
properties, 108 




