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Index

a
absolute condition number 229
absolute tolerance (ATOL) 201
acrylnitrile–butadiene–styrene

(ABS) 110
Adams methods, for non-stiff ODEs

206
adsorption, of gaseous compounds

170–172
alternating copolymers 11
anionic polymerization 251
Antoine equation 169, 170, 173
architectural isomers 9–10
atom transfer radical polymerization

(ATRP) 110

b
backward differentiation formula

(BDF) methods 207
balance distributions 104
batch reactor (BR)

heat balance in 144–148
overall mass balance 143–144
polymer properties in 148

Bayesian methods 233
bifunctional monomer 43–49
block copolymers 11
bulk polymerization 150, 180
butadiene 58

polymerization of 8
styrene (see styrene butadiene

copolymers)

c
caprolactam 58
chain-forming reactions

bifunctional monomer 43–49
end group types 31–40
functional groups types 40–41
monofunctional molecules to control

degree of polymerization
41–43

reversible reactions 49–57
chain-growth polymerization

with chain depropagation 68–75
with chain termination 77–91
with deactivation 76–77
only initiation and propagation

59–68
with transfer reactions 75–76

chain initiation 254
chain-length distribution 2, 16, 21, 24,

213, 216–218, 220
chain-length range 209–211
chain propagation 255
chain transfer agents (CTAs) 183
chain transfer reaction modules

256–257
chemical master equation (CME)

17–21, 32, 214, 220, 221
chromium, transition metal

catalysts 1
classical Runge–Kutta method 197
comonomer 21, 22
compartmentalization 183, 186
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computational fluid dynamics (CFD)
techniques 180

consistency 195–197
constitutional isomers 7–9
continuous stirred tank reactor (CSTR)

139, 151–158
convergence 195–197
copolymerization

characteristic values for 94–97
composition, conventional

description of 91–94
distributed counters 104–106
extended description of 101–104
modules description 97–101

copolymers 11–13
correlated parameters. see also

parameter estimation
damping 237–238
essential degrees of freedom

238–240
countable systems of ordinary

differential equations (CODEs)
approximation schemes 212–217
chain-length range 209–211
method-of-lines 212–213
polymer distributions 211–212
theoretical aspects 208–209
time-layer method 212–213

counters 253–254
critical micelle concentration 182
cross-linked polymers 10
cross-linking 133–134

via copolymerization 107–109
cross transfer 123–124

d
damping 237–238
dead chain 252
degree of polymerization 2, 4, 11, 13,

41–43
degrees of freedom 238–240
demixing, in polymer solutions

174–175
depropagation 127–128
differential algebraic equations (DAEs)

193–194
implicit methods 206–207

dispersion polymerization 180–181
distribution coefficients 13
driving force 166, 168, 172, 178
dynamic light scattering 14
dynamic mechanical analysis

(DMA) 14

e
eigenvector transformation 239
elasticity modulus 14
emulsifier 182
emulsion polymerization 181–191

batch 183
chain transfer reactions 183
compartmentalization 183, 186
critical micelle concentration 182
emulsifier 182
entry rate 186
homogeneous nucleation 182
insertion 58
latex particles 183, 184, 185
micellar nucleation 183
molar entropy 147
monomer 181, 182
particle-radical distribution

188–190
polymer 181
Smith–Ewart equation 188–190
stages of 183–184
surfactants 181
termination 186–188
typical phenomena in 182

entry rate 186
equation of state (EOS) 178
errors

control 200–205
global 196
local 196
relative 195, 200–201
truncation 210

ethyl benzyl lithium, re-initiation by
257

ethylene oxide 58
evaporation, of pure volatile compound

169–170
exemplary simulations, styrene

butadiene copolymers
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block copolymers 262
frequency distribution 261
GPC distribution 260
isothermal batch polymerization

258
molar mass 259–260, 264–265
Monte Carlo simulation 265
Poisson distributions 260
poly(butadienyllithium) 260–261
poly(styryllithium) 260–261
polydispersity 260
time-conversion curves 258, 259

expandable polystyrene (EPS) 179
explicit Euler method 195, 196,

197–198
extrapolation methods

for DAEs 207
for non-stiff ODEs 206
for stiff ODEs 207

Eyring equation 27

f
fed-BRs 149
Fick’s law 172
field flow fractionation 14
Flory–Huggins interaction parameter

172
Flory’s theory 172
forward problems 227–230

g
Galerkin methods 213, 216
Gauss–Christoffel integration 216
Gauss–Newton method 233–235, 238
gel permeation chromatography (GPC)

38, 260
generating functions 213
Gibbs free energy 163, 172
global error 196
Gold distribution 64
graft polymers 106–107

h
heat balance 144–148
Henry’s law 171, 177, 182, 228
high copy numbers 20
high-density polyethylene (HDPE) 1

high-impact polystyrene (HIPS) 110
homogeneous continuous stirred tank

reactor (HCSTR) 151–155
cascade of 156–157

homogeneous nucleation 182

i
ideal copolymerization 93
implicit Euler method 198–199, 201
insertion polymerization 58
intermolecular transfer 121–123
inverse problems 227–230

j
Jacobian matrix 199, 200, 233, 236

k
kLA concept 168, 171

l
laminar tubular reactors 159
latex particles 183, 184, 185
LiH-elimination 256
linear chains 55
linear implicit Euler method with error

correction (MEC) 202–204
linear low-density polyethylene (LLDPE)

1
linearly implicit Euler method 200
linear macromolecules 55
local error 196
long-chain hypothesis (LCH) 60, 223,

278
low-density polyethylene (LDPE) 1,

158
low-molecular-mass compounds 111
low-molecular-weight compounds 251

m
macromonomer 107
MALDI-TOF 14
mass balance 113, 143–144
mass transfer coefficients 167, 168, 178
Mayo–Lewis model 92
mean residence time 153
mean values 3–6
membrane osmometry 14
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micellar nucleation 183
minimization problem, parameter

estimation 232–235
modeling cycle

with different errors 223–225
styrene butadiene copolymers

266–268
modeling error 223, 224
model validation 13–15
modules list, polymer

characteristics change of 120–121
combination 116–118
cross-linking 133–134
cross transfer 123–124
depropagation 127–128
disproportionation 129–131
elemental kinetic 115–116
example system 135–138
flow 134–135
initiation 124–125
intermolecular transfer 121–123
phase transfer 135
propagation 125–127
scission 132–133
statistical degradation 119–120
transfer 128–129, 131–132

molecular mass 3–6
molecular-weight distribution 16
moment equations 65
moment methods 214
monomer 16, 165, 181, 182
Monte Carlo methods 22, 114, 214,

220–223
multiphase polymerization systems

emulsion polymerization 181–191
precipitation/dispersion

polymerization 180–181
suspension polymerization 179–180

multistep methods 205

n
Neumann condition 160
Newton’s law 7
Newton’s method 199, 233
nonautonomous models 205
nonideal reactor models 159–161
nonlinear polymerization

cross-linking via copolymerization
107–109

graft polymers via copolymerization
106–107

higher dimensional models 113–114
low-molecular-mass compounds

111
step growth 111–112
structures from existing chain

109–111
non-stiff ODEs, explicit methods 206
Norrish–Trommsdorf effect 26
numerical error 217–220
numerical methods

countable systems of ordinary
differential equations

approximation schemes 212–217
chain-length range 209–211
polymer distributions 211–212
theoretical aspects 208–209

modeling cycle 223–225
Monte Carlo methods 220–223
numerical error 217–220
ordinary differential equations

consistency 195–197
convergence 195–197
error control 200–205
solvers, guide to 205–207
stability 197–200

Nusselt number 147

o
ordinary differential equations (ODEs)

32
consistency 195–197
convergence 195–197
error control 200–205
solvers, guide to 205–207
stability 197–200

p
parameter dependencies

estimation attempts 247–248
estimation model 245–247
experimental data 241–243
primary radical termination 241
real model 241–243
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parameter estimation
correlated parameters

damping 237–238
essential degrees of freedom

238–240
forward problems 227–230
inverse problems 227–230
minimization problem 232–235
parameter dependencies 240–249
sensitivity analysis 235–236
simulated responses 230
standardized residual error 231

partial differential equations (PDEs)
194

perturbed-chain statistical association
fluid theory (PC-SAFT) 178

phase
concentrations 164–165
defined 163
multiphase polymerization systems

emulsion polymerization
181–191

precipitation/dispersion
polymerization 180–181

suspension polymerization
179–180

phase transfer
adsorption of gaseous compounds

170–172
demixing in polymer solutions

174–175
two-film theory 166–169
vapor–liquid equilibrium of volatile

compounds 170
vapor pressure 172–173
volatile compound, evaporation of

169–170
volumes 164–165

in reactor 164
phase exchange 165–166
phase transfer 135

adsorption of gaseous compounds
170–172

demixing in polymer solutions
174–175

polymerization 175–178
two-film theory 166–169

vapor–liquid equilibrium of volatile
compounds 170

vapor pressure 172–173
volatile compound, evaporation of

169–170
phenol-formaldehyde resins 10
plug flow reactor (PFR) 158–159
Poisson distribution 64, 140, 154, 155,

209–210
poly(vinyl chloride) (PVC) 179
polyamides 55
polybutadiene 181
polyesters 43, 55
polyethylene 7, 8
polymer

architectural isomers 9–10
chain length 3–6
constitutional isomers 7–9
copolymers 11–13
cross-linked 10
distributions

initialization of 211–212
styrene butadiene copolymers

252
extreme high viscosity of 6
and mean values 3–6
molecular mass 3–6
moments 3–6
processing 3–13
properties

approaches of 21–22
chemical master equations (CME)

17–21
description of 15–24
stochastic and deterministic

simulation 22–24
reactions

building macromolecules 28–30
chain-forming reactions 30–57
chain-growth polymerization

58–91
copolymerization 91–106
module concept 25–26
modules list 114–138
nonlinear polymerization

106–114
rate coefficients 26–27
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polymer (contd.)
step-growth polymerization

30–57
rheological properties 6–7
structures in 3–13

polymerization
anionic polymerization 251
atom transfer radical polymerization

(ATRP) 110
bulk polymerization 150, 180
butadiene 8, 175–178
emulsion (see emulsion

polymerization)
isothermal batch 258
molar entropy of 147
nonlinear (see nonlinear

polymerization)
phase transfer during 175–178
radical (see radical polymerization)
reactions rate coefficients

in 26–27
transition-metal-catalyzed 3, 8

polynomial asymptotic decay 209
poly-p-hydroxybenzoic acid 31
polypropylene 8
polyurethane 31, 112
precipitation polymerization 180–181
primary radical termination 241
probability distribution function (PDF)

17, 19–21
propagation 125–127
propensity function 17
pseudo-bulk case 185, 186
pseudo distributions 104

q
quasi-steady-state assumption

(QSSA) 214

r
radical polymerization

characteristic of 84
controlled 79
propagation rate coefficients in 27,

68
quasi-steady-state assumption 214

Raoult’s law 170

rate coefficients 13, 26–27
reaction kinetics equation (RKE) 15
reaction rates 2, 23, 145, 158, 263
reactors

comparison of 161–162
continuous stirred tank reactor

(CSTR) 151–158
nonideal reactor models with partial

backmixing 159–161
semi-batch reactor (Semi-BR)

149–150
tubular reactors 158–159
well-mixed (ideal) batch reactor

(BR) 141–148
reference volume 176
relative condition number 229
relative error 195, 200–201, 232
residence time distribution

(RTD) 139
reversible reactions 49–57
Reynolds number 179
Runge–Kutta methods

for DAEs 206–207
for non-stiff ODEs 206
for stiff ODEs 206–207

s
scalar test equation 197
Schmidt number 179
Schulz–Flory distribution 38, 45, 57,

140, 155, 162, 209
segregated continuous stirred tank

reactor (SCSTR) 157–158
semi-batch reactor (Semi-BR)

149–150
sensitivity analysis, parameter

estimation 235–236
sequence length distribution (SLD)

104
shear modulus 14
shear-thinning behavior 7
shear viscosity, for polyethylene 7, 8
Sherwood number 179
simulated responses 230
single-step method 205
singular value decomposition (SVD)

234
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small-angle neutron scattering
(SANS) 14

small-angle X-ray scattering
(SAXS) 14

Smith–Ewart equation 188–190
solution viscosimetry 14
standardized residual error 231
static light scattering 14
statistical copolymers 11
step-growth polymerization 28, 30–57
stiff equations 197, 198
stiff ODEs, implicit methods 206–207
stochastic coupling 23
stochastic process 17
stochastic simulation algorithm (SSA)

23
stoichiometric coefficient 142
styrene 58
styrene butadiene copolymers

components
computation of characteristic

values for copolymers 254
counters 253–254
low-molecular-weight compounds

251
polymer distributions 252
sequence distributions 253

exemplary simulations 258–266
model description 251
modeling cycle for 266–268
reaction modules

balance steps 257–258
chain initiation 254
chain propagation 255
chain transfer 256–257
LiH-elimination 256

re-initiation by ethyl benzyl lithium
257

surfactants 181
suspension polymerization 179–180

t
terpolymer chain 16
tetrahydrofurane 58
thermodynamic properties 140
titanium, transition metal catalysts 1
transition metal catalysts

chromium 1
HDPE/LLDPE 1
titanium 1

transition-metal-catalyzed
polymerization 3, 8

truncation error 210
tubular reactors

laminar 159
plug flow reactor (PFR) 158–159

two-film theory 166–169

v
vapor–liquid equilibrium (VLE) 170
vapor pressure 169

above polymer solution 172–173
osmometry 14

variance–covariance matrix 233–235
vinyl monomers 58, 141
volatile compounds

evaporation of 169–170
mole fraction 171
vapor–liquid equilibrium 170

z
Ziegler catalysts 8




