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358–360, 364

continuous stirred tank reactor (CSTR)
21, 25, 60, 291, 360, 379

blades 97
commercial installation 84
first-order irreversible reaction 86
first, second, and third tanks 79
in liquid phase 87
non-steady state working in 159
organic oxide and calcium carbonate

116
rate constant 104, 105
reactor system 83
space time and feed conversion 78, 79
tubular reactor 99
unsteady state working in 158
volumes of 81, 83

convolution operation 141
cumene cracking reaction 250
cyclohexanone 33
cylindrical catalytic converter 225

d
Danckwerts boundary conditions 164
deconvoluted signal 146
deconvolution 143–144, 153
D-glyceraldehyde 3-phosphate 343
dihydroxyacetone phosphate 343
dimensionless numbers 120, 216
diol hydrogenation 327
Dirac delta function 136, 143

dispersed plug flow model 320
dispersion model 4, 5, 9, 13, 22–24, 34,

45, 47, 55, 56, 58–61, 64, 88, 94,
98–100, 178

dissolved oxygen concentration 318

e
Eadie-Hofstee linealization 346
energy balance 192, 197, 205, 208
enzymatic hydrolysis 341, 344
enzymatic reactions 308, 337, 350
enzyme kinetics 337
equilibrium constants 351
equilibrium relationship 332
Escherichia coli growth 362

in glucose 372, 373
ethanol

conversion 324
production 353

ethyl acetate 242
ethylbenzene 166, 249, 260–262
explicit finite difference method 209
external diffussion, rate of 216
external temperature gradient 257

f
fatty alcohols 291
fatty esters 291
fed-batch bioreactor 359–360
fed-batch reactor 381
fed-batch startup 183
fermentation process 364
fermenter 308, 360, 371, 377

stirred tank 370–371
tubular 359

fiber optic technique 44
Fick’s law 164, 167, 222
Fick’s second law 161
finite differences method (FDM) 157

first derivative 157
second derivative 157
stability of 157–158

first-order irreversible liquid phase
reaction 84, 92, 97



Index 389

first-order irreversible reaction 28, 81,
86, 94, 96, 101, 102

first order kinetics 56, 57, 97, 159, 164,
169, 170, 172, 173, 189, 217, 247,
253, 256, 281, 288, 327

first-order reaction 220, 253
dispersed plug flow 73
PFR 70
reactor conversion 58
tubular reactor 69

fixed bed catalytic reactor 294
fixed-bed reactor 244, 262, 263, 279, 280,

284, 288, 341
fluid-fluid reaction 299–301
fluidized bed 219, 254, 323
Fourier’s law 192, 194
fructose 350

g
gas distributor plate 330
gas-liquid dispersion 320
gas-liquid reaction 301, 317
gas phase catalytic reaction 267
gas-phase dispersion coefficient 321
gas-phase reaction 221, 237, 288
gelatinization process of cornmeal 111,

112
glucose 350

feed flow 373
glyceraldehyde 3-phosphate 343
glycerol 363, 364

h
Hatta modulus 317, 320
heat balance 166, 192–194, 196–198
heat conduction 191
heat transfer coefficient 166, 257
Henry’s constant 304, 330
heterogeneous irreversible reaction 226
heterogeneous reaction 304
heterogeneous systems, rate in 215–216
hippuric acid (HA) 349
hippuryl-L-histidyl-L-leucine (HHL)

349
homopolymer 185

hydrogen
solubility 326
vs. sulfur hydrocarbons 306

hydrolysis 159, 341, 344, 345, 348–350
hydrostatic pressure effect 304

i
ideal CSTR 25–27, 76, 78, 79, 83, 84, 86,

87, 93, 94, 96, 97, 99, 104
ideal exchange reactor model 134
ideal isothermal batch reactor with a

constant volume 74
ideal PFR 25–27, 31, 69, 70, 74, 76, 83,

95, 96, 99, 102, 103, 269, 270
ideal reactors 36

mass balance 57
RTD 4
transfer function in 124
working in unsteady state 158

internal diffusion 221, 234, 237, 254,
313, 316

internal diffusion effect 217–218
intrinsic pseudo-homogeneous rate 283,

284
intrinsic rate 223, 262, 265
intrinsic rate constant 227, 228, 256, 262
intrinsic reaction constants 230
intrinsic reaction rate 267
inverse Laplace transform 136
irreversible unimolecular reaction 345
isothermal fixed-bed reactor 262
isothermal liquid 220
isothermal tubular reactor 267

k
kinetic constant 57–58, 79, 88, 94, 217,

220, 223, 232, 242, 246, 247, 268,
285, 291

Knudsen diffusivity 224–226, 249

l
lactine molecules 353
Laplace transform 37, 123, 126–128, 131,

136, 137



390 Index

L-benzoyl arginine 348
Lineweaver-Burk linearization 345
liquid-phase catalytic reaction 262
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photoreactor 71
Pichia pastoris 363
plug flow model 73, 320
plug flow reactor (PFR) 16, 25, 60,

268–271, 281, 286, 341, 355
DTR 105
dynamic regime working in 159
with first-order reaction 70
with residence time 65
space time 76
unsteady state working in 158

p-nitroanilide hydrochloride 348
p-nitrophenyl-β-D-glucopyranoside 345
porous-sphere model 271



Index 391

potassium permanganate 6
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