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Activated complex component

activated zones, 292

calculation, 290–294

cracking (s,s) C16,3-C5,1+C11,1,

homologous activated complexes, 292

description, 291

homologous activated complexes, 293

side chains, 293

Additive models, for C1–C4 alkane

oxidation, 189–193

applicability, 192

GRI-Mech approach, 192

phases, 189
auto-accelerating chain-branched re-

action, 189

quasi-stationary chain-branched pro-

cess, 190

self-acceleration of reaction, 190
Alkylperoxy radicals, transformations of,

243–246

Alkyl radicals and oxygen, reactions be-

tween, 243–246

Aromatics, pyrolysis of, 89–90

Arrhenius equation, 206

Arrhenius A-factor, 17

Asphaltenes, 132

Atmospheric equivalent initial boiling

point (AEBPI), 96

Auto-accelerating chain-branched

reaction, 189

Automated model-construction software,

12–13

Automatic generation of pyrolysis

mechanism, 64–72

Boolean algebra, 65

combinatorial algorithm, 64

EXGAS software, 65
305
GAPP program, 66

Graph theory, 65

LISP programming language, 65

lumping of reactions, 69–71

lumping of species, 71–72

MAMA program, 66

NetGen program, 65

primary propagation reactions of

n-decyl radicals, 67

reference kinetic parameters, 68

specific reaction class based, 64

substitution matrices, 65

THERGAS software, 66

THERM program, 66

XMG (Exxon Mobil Mechanism

Generation), 65

B

Benson group values, 7, 10

Bifunctional catalysis mechanisms, 270

Boltzmann constant, 99

Boolean algebra, for pyrolysis mechanism,

65

Branched alkanes, pyrolysis of, 74–78

‘Burning out’ of two hydrocarbons, 238

C

C1–C4 alkane oxidation, kinetic models of,

167–258

additive models, 189–193, see also

separate entry

alkyl radicals and oxygen, reactions

between, 243–246

alkylperoxy radicals, transformations of,

243–246

C1–C2 joint description, 237–239
‘burning out’ of two hydrocarbons,

238
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capabilities of process influencing,

governing and design, 246–250

circumscription of subject and area of

parameters, 176–179

combinatorial models, 193–194

complex reacting systems, modeling

purposes and expectations, 172–176

comprehensive modeling, ruling princi-

ples for, 194–199, see also under

Ruling principles

elemental base, 203–231, see also

separate entry

elevated (moderate) temperatures, 177

expansion on higher hydrocarbons,

239–243

propyl radicals, 241

heterogeneous processes, 179–183

heterogeneous–homogeneous catalytic

reactions, modeling of, 201–203

high-temperature oxidation, 177–179

low-temperature oxidation, 176–177

macro-kinetic parameters, 183–187

modeling and experimentation, 231–237,

see also separate entry

reduction of models, 200–201, see also

separate entry

Carbonaceous deposits and soot particles,

formation, 100–124, see also under

Fouling processes

Catalytic processes, in petroleum process

engineering, 261

CCR (Conradson carbon residue), 96

Chemical activation and fall-off,

22–23

Chemical reactions and properties, new

data model for, 13–26

functional group trees
for reaction rate estimation, 17–23,

see also under Reaction rate

estimation

reaction types represented using,

24–25

hierarchical tree structure

for functional group parameters,

14–17

CHEMKINs software, 3–4, 9–10, 53

Combinatorial models, 193–194
Complex reacting systems, modeling

kinetic scheme and kinetic parameters

determination, 174

purposes and expectations, 172–176

Computational fluid dynamics (CFD)

simulation, 34

Computer-assisted molecular structure

construction (CAMSC), 93

Continuously varying steady state (CVSS),

144–145

Crude distillation residues, 96

Crude oil fractionation, 264

Cyclo-alkanes and alkenes, pyrolysis of,

78–88

b-decomposition reactions, 82

1-hexene reactions, 86

1-methyl-4-alkyl-cyclo-hexanes, 86

cyclo-alkyl radicals, 79

cyclo-hexane components, 79

cyclo-hexanes, 79, 87

cyclo-hexyl radical
decomposition mechanism, 84

primary propagation path of, 80

radical isomerization, 84

cyclo-pentanes, 79, 87

decomposition reactions, 82

dehydrogenation reactions, 82

isomerization reactions, 82

methyl-cyclo-hexane, 80, 84

reference kinetic parameters for, 85

Cyclopentadienyl (C5H5
. ) radical, 118

D

DAEPACK software, 31, 36

Data models for chemical kinetics

9–11

list-of-reactions
automated construction of, 11

data model, deficiencies, 9
Delayed coking processes, 129–136

Density functional theory (DFT), 203

Diels–Alder reactions, 105–106

Differential-algebraic equations (DAEs),

31

Direct oxidation of methane-to-methanol

(DOMM), 189–190, 246–247

Discrete sectional method (DSM), 122, 145



INDEX 307
E

Elemental base, 203–231

elementary reactions, 206–209

high-pressure regime, 212

limitations of species taken into account,

203–205

low-pressure limit approximation, 212

on metal catalysts
heterogeneous–homogeneous

catalytic reactions on, 227–231,

see also under Heterogeneous–

homogeneous catalytic reactions

oxide catalysts

heterogeneous–homogeneous

catalytic reactions on, 213–227,

see also under Heterogeneous–

homogeneous catalytic reactions

pressure-dependent reactions,

210–213

selection of rate constants, 210

Eley–Rideal models, 202

Equilibrium constants, 209

Error bars on model predictions,

estimation, 42–46

correlated uncertainties in model input

parameters, 44–45

first-order sensitivity analysis, beyond,

44

model truncation error, 45

Evans–Polanyi parameters, 44

Evans–Polanyi modified Arrhenius

form, 20

EXGAS software, for pyrolysis

mechanism, 65

Eyring theory, 99

F

Feedstocks and effluents analysis, in

petroleum processes, 262, 268

Fouling processes

addition reactions, 105–106

carbonaceous deposits and soot

particles, formation, 100–124
pyrolysis coils and TLE’s, fouling and

coking mechanisms in, 101–106

catalytic mechanism and initial growth,

103–104
mechanisms and features of, 102

initial catalytic mechanism, 102

radicalic mechanism, 102–103

radical and concerted path growth,

105–106

soot formation, 114–124, see also

separate entry

structure and properties of the deposit,

evolution of, 107–113

comparison with ‘‘rapid pyrolysis’’

data, 113

comparisons with experimental data,

112–113

kinetic modelling, 108–112

poly-aromatic structure of, 107

radical degradation mechanism,

109

Functional group trees/parameters

for addition reactions, 19–20

hierarchical tree structure for, 14–17

G

GAPP program, for pyrolysis mechanism,

66

Gas-phase pyrolysis processes, 51–166, see

also under Pyrolysis processes

characterization, 54

Global dynamic optimization code

(GDOC) software, 41

Graph theory, for pyrolysis mechanism, 65

Graphical user interface (GUI), 14, 16

GRI-Mech approach, 192–193

H

H-abstraction reactions, 57–61

Heavy gasoils, pyrolysis of, 93–95

model components selected, 94–95

n-d-M method (refractive index, density

and molecular weight), 93

Heavy paraffinic waxes, 294–299

carbon atoms, hydrocracking of,

294–299
experimental results, 296–297

extrapolation vs. experiment

comparisons, 298–299

feeds and analysis, 296

single-events modelling, 295
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extrapolation capacities in, 294–299

n-paraffin mixtures composed of, 20–30

Heterogeneous processes, 179–183

Heterogeneous–homogeneous catalytic

reactions, modeling of, 201–203

light alkanes, characteristics of, 204

on metal catalysts, 227–231
complications in, 227–230

progress in, 230

oxide catalysts, 213–227

limiting selectivity (SLIM),

215–216

OCM window, 214

Polanyi–Semenov-correlation, 220

Hierarchical tree structure, for functional

group parameters, 14–17

High-temperature C1–C4 alkane oxidation,

177–179

Hydrocarbons

hydrocarbon gases processing

C1–C4 alkane oxidation as applied to,

167–258, see also under C1–C4 alkane

oxidation

structural isomers of, 265

Hydrogen bond increments (HBI), 17

I

Internal isomerization reactions, 62–63

Intramolecular reactions, 23–26

Isomerization reactions, internal, 62–63

J

Jacobian sparse, 31

K

Kerosene feed, pyrolysis of, 90–93

Kinetic models, chemical

construction, fundamental inputs for,

12–13

estimations and generalizations, 13

for predicting reaction systems, 3

goal of, 5–7

historical applications of, 2–5

in petroleum process engineering,

259–304, see also under Petroleum

process engineering

model-prediction-data loop, 6
of pyrolysis processes in gas and

condensed phase, 51–166, see also

under Pyrolysis processes

predictive vs. postdictive models, 2–3

steps involved, 6

Krestenin mechanism, 121

L

Langmuir–Hinshelwood expressions, 202,

282

Large hydrocarbons, pyrolysis of, 72–90

aromatics, 89–90

branched alkanes, 74–78

cyclo-alkanes and alkenes, 78–88, see

also separate entry

normal alkanes, 72–74

Large kinetic simulations, solving, 29–38

sparsity, 31–32

using reduced chemistry models, 32–34,

see also separate entry

Light gasoil fractions feed, pyrolysis of,

90–93

Lindemann approach, 213

Liquid feeds, characterization, 90–96

heavy gasoils, 93–95, see also separate

entry

naphtha, kerosene and light gasoil

fractions, 90–93

PINA analysis, 92

Liquid-phase pyrolysis, modelling, 96–100

Arabian residues, 97

aromatic carbon atoms and H/C in

residues, 97

C–C bond cleavage, 98

LISP programming language, for pyrolysis

mechanism, 65

Lists-of-reactions, automated construction

of, 11–13

Low-temperature C1–C4 alkane oxidation,

176–177

Lumping approaches, in petroleum

process engineering, 267

early lumping, 267

late lumping kinetic model, 279–286
catalytic act, 280–281

composition of the reaction

intermediates, 281
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lumped kinetics, 282–285

lumped reforming network, 285

lumping by families in equilibrium,

284

lumping by families, 281–282

regrouped kinetics, 285

summing up, 285–286

three-phase model, 280

lumping coefficients, simplified equation

of, 289–290

M

MAMA program, 152–161

database structure, 157–159

end-product composition, evaluation,

152–155

for pyrolysis mechanism, 66, 73, 76,

84–88

kinetic generator, functionality of,

160–161

lumping of components, 155–157

molecule homomorphism algorithm,

159–160

Mars–van Krevelen models, 202

Maxwell–Boltzman distribution for gas

species, 207

MERT (Mixing Element Radiant Tube),

125

CFD representation of MERT, 125

Method of moments, 145–147

Microkinetic concept, single-events, 273–275

Model predictions and experimental data,

38–46

error bars estimation, 42–46, see also

under Error bars

inconsistency, proving, 39–41

standard operating practice, need for

change in, 41–42

Model truncation error, 45

Modeling and experimentation, C1–C4

alkane oxidation, 231–237

comparison with experiment, 231–233
adequacy, problem of, 232

requirements of experiment, 233–237

‘wall-less’ reactor approach, 234

‘yield (or selectivity) vs. conversion’,

234
Molecular weight distribution (MWD),

140

Multidimensional simulations, reduced

chemistry models in, 32–34

N

Naphtha feed, pyrolysis of, 90–93

n-Butane pyrolysis, 56–60

n-Decane, H-abstraction reactions of,

61

n-Decyl radicals

primary propagation reactions of, 67
b-decomposition reactions, 67

dehydrogenation reactions, 67

isomerization reactions, 67
n-d-M method (refractive index, density

and molecular weight), 93

NetGen program, for pyrolysis

mechanism, 65

n-Hexadecane, hydrocracking of,

286–287

model vs. experiment comparison,

287–288
cracking products, 288

yields and C16 fraction, 287–288
Normal alkanes, pyrolysis of, 72–74

O

Ordinary differential equation (ODE)

systems, 30, 53

Oxidative coupling of methane (OCM),

182, 192, 202, 217–221

OCM window, 214

P

Petroleum process engineering, kinetic

methods in, 259–304

analytical set, 265

catalytic processes, 261

crude oil fractionation, 264

extension to heavy paraffins, 289–294
activated complex component,

calculation, 290–294, see also under

Activated complex component

extrapolation capacities in number of

carbon atoms, 294–299, see also

under Heavy paraffinic waxes
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extrapolation to heavy cuts, 286–299

estimation of kinetic parameters,

286–288

n-hexadecane, hydrocracking of,

286–288

feedstocks and effluents, analysis, 262

hydrocarbons, structural isomers of, 265

paraffins and naphthalenes,

composition, 266

kinetic modelling by single-events,

269–271, see also under Single-events

theory

kinetics modeling, 267

lumping approaches, 267

perspectives, 299–302

extensions, 300

petroleum cuts, 261

reaction networks, generation of,

271–273

late lumping kinetic model, 279–286,

see also under Lumping approaches

nC8 to nC15, computer generation of

networks from, 273

n-hexane cracking, elementary steps

network for, 272

species and chemical reactions,

computer representation, 273

refining operations, 261

PINA analysis, of liquid feeds, 92

Planck’s constant, 207

Polanyi–Semenov equation, 184, 220

Poly-aromatic hydrocarbons (PAH), 54

Polymers, thermal degradation of,

136–150, see also under Thermal

degradation

Predictive kinetics, 1–50

chemical kinetic models, 2, see also

separate entry

computation of reaction rates, 5

construction, 7–29
chemical reactions and properties,

new data model for, 13–26, see also

separate entry

computer-aided model-construction,

7–8

data models for chemical kinetics,

9–11, see also separate entry
documenting large simulations,

challenge of, 8–9

reaction mechanism generator

(RMG), 26–27

large kinetic simulations, efficiently and

accurately solving, 29–38, see also

separate entry

model predictions and experimental

data, 38–46

new data model for, 13–26, see also

under Chemical reactions and

properties

rate parameters estimation, 4

technical hurdles in the 20th century,

3–5, see also Technical hurdles

Pressure-dependent reactions, 210–213

Pyrolysis mechanism, using RMG,

27–29

Pyrolysis processes in gas and condensed

phase, kinetic modelling, 51–166

applications, 124–150

automatic generation of mechanism,

64–72, see also under Automatic

generation

Chemkin package, 53

crude distillation residues, 96

fouling processes, 100–124, see also

separate entry

high-temperature pyrolysis, 54

liquid feeds, characterization, 90–96,

see also separate entry

liquid-phase pyrolysis, modelling,

96–100, see also separate entry

n-butane pyrolysis, 56

pyrolysis of large hydrocarbons,

72–90, see also under Large

hydrocarbons

reaction classes during pyrolysis, 55
ethyl radical H-abstraction reactions,

59

H-abstraction reactions, 57

initiation and termination, 55–56

internal isomerization reactions,

62

propagation reactions, 55

steam cracking process and pyrolysis

coils, 124–129
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visbreaking and delayed coking

processes, 129–136, see also separate

entry thermal degradation of poly-

mers, 136–150, see also separate entry

Q

Quantum chemistry techniques, 5

Quantum Rice-Rampsberger-Kassel

(QRRK), 23

Quasi-stationary chain-branched process,

190

Quasi-steady-state approximation

(QSSA), 30

R

Rate constants, 210

Rate parameters estimation, 4

Reaction mechanism generator (RMG)

program, 14, 26–27

applications of, 27–29
laser-initiated oxidation of neo-

pentane, 27

pyrolysis (steamcracking) of

n-hexane, 27

supercritical water oxidation of

methane, 27
Reaction rate estimation

functional group rate estimation,

difficulties with, 21–26
chemical activation and fall-off, 22–23

intramolecular reactions, 23–26

paucity of reliable data, 21–22

functional group trees for, 17–23

for addition reactions, 19

‘Reaction Recipe’ for radical addition to a

double bond, 18

Reduced chemistry models, 32–34

construction, 34–38
reaction elimination via optimization,

36–37

with user-specified valid ranges, 37–38
Reduction of models, in C1–C4 alkane

oxidation, 200–201

importance criterion, 200

minimization (even neglect) of chemical

differences criterion, 200–201

partial equilibrium criterion, 200
similarity criterion, 201

utility criterion, 201

Refining operations, in petroleum

processes, 261–263

Ruling principles for comprehensive

modeling, 194–199

independence of kinetic parameters,

197

model fullness, 196–197

openness of the description, 199

parameter optimization algorithms, 195

thermodynamic consistency, 196

S

Single-events theory, of petroleum process

kinetic modeling, 269–271

bifunctional catalysis mechanisms, 270
14/14 hydrogenations/dehydrogena-

tions, 270

18/18 protonations/deprotonations,

270

acid phase, 270

metallic phase, 270

kinetics by single-events, 273–279

free enthalpies of reactants and

activated complexes, 276–278

intrinsic free enthalpy and ion type,

277–278

intrinsic free enthalpy and number of

carbon atoms, 278

separation of chemical and structural

contributions, 275–276

thermochemical restrictions and

constraints, 278–279

single-events microkinetic concept,

273–275

Soot formation, in fouling processes,

114–124

benzene flame, 115

ethylene flame, 115

formation of the first aromatic rings and

aromatic growth, 116–121
reactions involved, rate constants of,

119 PAH

structures, growth of, 121

soot inception and growth, 122–124

steps involved, 114, 116
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Sparsity

fast solution of large systems of

chemistry equations using, 31–32

SSITKA (Steady-State Isotopic Transient

Kinetic Analysis), 216

Stabilized combustion, 182

Steam cracking process and pyrolysis coils,

124–129

coil model and model validation, 126–129

reference compounds involved in, 127

Stein–Rabinovitch method, 23

Stokes–Einstein theory, 99

Substitution matrices, for pyrolysis

mechanism, 65

Substitutive addition reaction, 131

T

Taylor models, 35, 37

Technical hurdles, in chemical kinetic

modeling, 3–5

numerical problems, 3

THERGAS software, for pyrolysis

mechanism, 66

THERM program, for pyrolysis mechan-

ism, 66

Thermal cracking, 124

Thermal degradation of polymers, 136–150

balance equations, 144–147
continuously varying steady state

(CVSS), 144–145

discrete section method, 145

method of moments, 145–147

mechanism considerations, 137–144

initiation reactions, 137

propagation reactions, 138

termination, 139

model validation and comparisons with

experimental data, 147–150

polyethylene, pyrolysis of, 148

polypropylene, thermal decomposition

of, 148

polystyrene, pyrolysis of, 148

PVC pyrolysis, 141–142

initiation reactions, 141

molecular reactions, 142
propagation reactions, 141

reference components in the kinetic

model of, 143

termination or radical recombination

reactions, 142
Thermochemical restrictions and

constraints, of single-events theory,

278–279

Thermodynamic consistency, 196

Three-body processes, 211, 213

Transfer line heat exchangers (TLE),

101–106, 128

U

Unity Bond Index-Quadratic

Exponential Potential (UBI-QEP)

method, 203

V

Visbreaking and delayed coking processes,

129–136

kinetic mechanism, 130–132
b-scission, 130
H-abstraction, 130

model validation and comparisons with

experimental data, 133–136

poly-aromatic radicals, internal

dehydrogenation and demethylation

of, 132

poly-aromatic species, 131

substitutive addition reaction, 131

visbroken residue and pyrolysis severity,

stability of, 132–133

W

‘Wall-less’ reactor approach, 234

X

XMG (Exxon Mobil Mechanism

Generation), for pyrolysis

mechanism, 65

Z

Ziegler–Natta catalysts, 103


