
a
absorber–bioreactor–recycle model 354 f
absorption
– ethanol from lignocellulosic biomass 456
– NOx removal 342 f, 351 f, 356
– separation system 50
acetaldehyde 202
acetaldehyde/acetic anhydride route 287
acetate 449
acetic acid, sustainability metrics 12
acetic acid/acetylene route 287
acetone/chloroform/toluene separation 

92
acetone manufacturing 173
acetylene 202
acid-catalyzed transesterifi cation 417
acid concentration 281
acid hydrolysis 451
acid-soluble oil (ASO) 263
acid-to-alcohol ratio 242
acidic quench 321
acidifi cation potential (AP) 167
acidity number 405
acroleine 316
acrylonitrile (ACN)
– propene ammoxidation 313–338
– propylene ammoxidation 37
– sustainability metrics 12
activation energy 140, 266
active carbon catalysts 137
active centers 315
additional cooling capacity 389, 392
adiabatic PFR
– cumene synthesis 184
– ethylene chlorination 212
– phenol hydrogenation 145
adiabatic temperature change
– cumene synthesis 180
– reactor-design 47
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adiabatic tubular reactor 123
adipic acid production 129
adsorption
– liquid-separation system 73
– phenol hydrogenation 140
– separation system 64 ff, 69
aerobic digestion 456
agglomerate 369
agricultural land effi ciency 434
agricultural residues 399
air emissions 334
alcohol–water–entrainer 256
alcohols
– biodiesel manufacturing 406
– fatty-ester synthesis 232
– lauric acid esterifi cation 249, 256
alkaline hydrolysis 451
alkanes 256
alkylation
– benzene 173–200
– cumene synthesis 176
– isobutane 262
alternative fuels types 399
alumina catalysts 137
Amberlyst 231, 404, 419
ammonia 314 ff
ammonia fi ber explosion (AFEX) 451
ammoxidation 313–338
animal lipids 404
antipollution measures 7
Antoine equation 236
applications
– biodiesel manufacturing 423
– PVC 364, see also examples
aquatic toxicity potential (ATP) 167
arabinan 449
aromatics
– alkylation 178
– lauric acid esterifi cation 256
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benzene
– alkylation to cumene 173–200
– physical properties 133
– separation system 67
– toluene conversion 52, 82
best available technique (BAT) 334
beta factor 139
binary interaction parameters, phenol 

hydrogenation 141
biochemical ethanol refi nery 438
biochemical NOx removal 339–362
biochemical oxygen demand (BOD5) 

335
BioDeNOx process 343, 356
biodiesel manufacturing 399–430
bioethanol manufacturing 400, 429–460
biofuels 399
biogas 67
biomass 436, 450
bioreactor 354 f
biorefi nery 437
biotriglycerides 415
bleed streams 34
blending 262, 430
block diagram, see fl owsheet
boilers 89
boiling points
– acrylonitrile production 317
– biodiesel manufacturing 406
– cumene synthesis 176
– fatty-ester synthesis 235
– hierarchical approach 34
– hydrocarbon 81
– isobutane alkylation 265
– lauric acid esterifi cation 255
– phenol hydrogenation 140
– split sequencing 64
– vinyl acetate monomer process 293
– vinyl chloride monomer process 205
boundary conditions 344
boundary value method 98
BTX C6–C8 aromatics 80, 439
building blocks, bioethanol 

manufacturing 439
bulk aromatics separation 80
bulk gas/liquid 351 f
bulk liquid separation system 73
bulk PVC polymerization 364
butadiene 202
butene 265 ff, 275
tert-butyl peroxineodecanoate (TBPD) 379
byproducts 6, 32, 36
– isobutane alkylation 264
– physical properties 205

– separation system 67, 80 f
aspect ratio, isobutane alkylation 281
Aspen Plus
– acrylonitrile production 318, 324
– biofuel manufacturing 420, 449
– cumene synthesis 195
– EDC pyrolysis 212
– fatty-ester synthesis 235
– hydrodealkylation 123
– isobutane alkylation 280
– lauric acid esterifi cation 251
– phenol hydrogenation 134
– separation system 92
asymmetry index 377
auxiliary materials 6, 33
azeotropes
– acrylonitrile production 318, 324
– fatty-ester synthesis 234
– lauric acid esterifi cation 255
– phenol hydrogenation 131, 140
– ternary systems 86
– vinyl acetate monomer process 297
azeotropic distillation
– liquid-separation system 73
– separation system 82 ff, 88, 95
– vinyl acetate monomer process 293

b
Bacillus azotoformans 354
backbiting 372
bacteria fermentation 441
bagasse 445
balance equations, NOx removal 348
balance yields 8
balanced vinyl chloride monomer process 

202
base-catalyzed transesterifi cation 417 f
basic fl owsheet structures (BFSs) 3, 

103 ff, see also fl owsheet
basic quench 321
basis of design
– benzene alkylation 173
– isobutane alkylation 263
– NOx removal 341
– phenol hydrogenation 129
– process synthesis 27
– vinyl chloride monomer process 201, 

287
batchwise biodiesel manufacturing 409, 

444
batchwise suspension polymerization 

(S-PVC) 364
Bayer-type catalyst 290
Benson method 135
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c
C–C bonds 209 ff
C1–C5 components 439
C4–C16 isoparaffi ns 280
C6–C8 aromatics 80, 439
C-hexanol/hexanone
– one-reactor material balance 170
– phenol hydrogenation 163
– physical properties 132, 140
C-hexene 170
Candida utilis 440
ε-caprolactam production 129
carbohydrates 436
carbon deposit formation 211
carbon dioxide
– acrylonitrile production 323
– bioethanol manufacturing 434
– emissions 6, 399
– PVC manufacturing 364
– separation system 67
– vinyl acetate monomer process 288
carbon fi bers catalysts 137
carbon monoxide 364, 399
carbon residue 405
carbonyl 324
Carnot cycle 331
cascade confi guration 386
catalysts
– acrylonitrile production 313
– aromatics alkylation 178
– biodiesel manufacturing 404, 414 ff, 418
– cumene synthesis 181
– fatty-ester synthesis 231 ff, 243
– hierarchical approach 30
– isobutane alkylation 263
– NOx removal 341
– operating point 275
– phenol hydrogenation 130, 137 ff
– propene ammoxidation 335
– vinyl acetate monomer process 287, 297
– vinyl chloride monomer process 206
catalytic continuous processes 411
catalytic cracking 50
catalytic distillation
– cumene synthesis 196
– fatty-ester synthesis 231–260
catalytic hydrogenation 65
catalytic oxidation 65
catalytic reforming 80
cellobiose conversion 442
cellulose 436
cellulosic ethanol production 433
centrifugation 424
cetane number (CN) 405

chain transfer 288, 372, 382
chelating agents 339
chemical absorption 50
chemical components 450
chemical equilibrium 31
– benzene alkylation 181
– biodiesel manufacturing 402
– fatty-ester synthesis 236, 241
– phenol hydrogenation 133
chemical oxygen demand (COD) 335
chemical reactions 29
– benzene alkylation 176
– fatty-ester synthesis 231 ff
– phenol hydrogenation 132
– propene ammoxidation 319 f
– RSR structures 41
– vinyl chloride monomer process 205
chemical routes, phenol hydrogenation 130
chemical treatment 65
chemical/physical equilibrium (CPE) 47, 

233, 236
chemical-based cleaning processes 339
chemically enhanced distillation 79
chemistry
– biodiesel manufacturing 402
– isobutane alkylation 264
– process synthesis 25, 29
– propene ammoxidation 314
chlorinated hydrocarbons 211
chlorine
– EDC pyrolysis 213
– physical properties 205
– PVC manufacturing 364
– vinyl chloride monomer process 202
chloroethane 67
chloroform 211
chloroform/toluene/acetone separation 92
chloromethyl-propane 256
climate conditions 27
closed-loop instability 107
cloud point 405
coal liquefaction (CTL) 400
coalescence separator 412
coconut 404
cocurrent fl ows 99
coil-like jacket 390
coke formation 405
cold fi lter plugging point (CFPP) 405
cold stream table, cumene synthesis 187
columns
– acrylonitrile production 324
– complex 77
– EDC pyrolysis 216
– ethanol from lignocellulosic biomass 456
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– fatty-ester synthesis 246
– isobutane alkylation 280
– NOx removal 354
– reactive distillation 99
– vinyl chloride monomer process 207, 

see also distillation columns
combustion
– acrylonitrile production 313, 334
– bioethanol manufacturing 430
– oxychlorination 209
– PVC manufacturing 364
– vinyl acetate monomer process 288
component classifi cation 35
component split matrix 326
composite curves
– biodiesel manufacturing 420
– cumene synthesis 188, 191
– isobutane alkylation reactor inlet 277
computer simulation, see simulation
concentration profi les
– lauric acid esterifi cation 241, 253, 256
– NOx removal 348, 355 ff
– phenol hydrogenation 147
conceptual design 13, 18, 22
– reactive distillation columns 100
condenser
– PVC manufacturing 388
– separation system 64, 69 ff
– vinyl chloride monomer process 219
conductivity 386
consolidated bioprocessing (CBP) 447
contamination loss reactions 456
continuous PFR-like reactors 421
continuous stirred-tank reactors (CSTR) 

44
– biofuel manufacturing 421, 444
– isobutane alkylation 270
– separator/recycle system 108
control 1, 17, 23
– one-reactor process 162
– phenol hydrogenation 161
– process synthesis 58
– PVC manufacturing 385, 393
– reactor-inlet stream fi xing 112
– RSR systems 105 ff
– selectivity 45, see also plantwide control
convection-mass-transfer reaction 351
convergence requirements 217
conversion
– acrylonitrile production 313, 320
– biofuel manufacturing 403, 442, 455
– hydrodealkylation 124
– isobutane alkylation 279
– phenol hydrogenation 133

– PVC manufacturing 365, 375–394
– RSR systems 114, see also per-pass 

conversion
cooling
– heat exchanger 278, 389
– phenol hydrogenation 146
– PVC manufacturing 383, 388, 391, 395
copper catalyst 209
corn 436, 447
costs 10, 95
countercurrent fl ow 47, 99
CPE diagram, lauric acid esterifi cation 252
cracking section control, vinyl chloride 

monomer plant 223
critical conversion, see conversion
critical manifolds 274
crosscurrent fl ows 47
cryogenic acrylonitrile production 331
cryogenic distillation 64, 69
cumene, benzene alkylation 173–200
cyanide 335
cyano–acroleine 324
cyclohexanone hydrogenation 129–172
cyclone system 335

d
Damköhler number 110 ff, 355
dead polymers 373, 373, 382
defect chain structure 372
degree-of-freedom analysis 105, 262
dehydration 457
dehydrogenation 135, 151
densities
– isobutane alkylation 266
– PVC manufacturing 386
design 3, 15, 35, 58
– acrylonitrile separation 328
– fatty-ester synthesis 251
– hierarchical approach 21
– phenol conversion 147 ff
– PVC polymerization reactors 394
– RSR systems 105
– separation system 98
destination code 35
detailed engineering 18
detergents manufacture 231
di(sec-butyl) peroxidicarbonate 379
diesel 261, 399
diffusion
– catalyst effectiveness 243
– cumene synthesis 182
– NOx removal 343 ff, 347
– phenol hydrogenation 139
– PVC manufacturing 374
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di-isoalkyl sulfates 280
dilute separations 73
dimerization 177, 262
dimethyl sulfoxide (DMSO) 82
DIPB formation 174–198
direct chlorination 206
direct sequence separations 215
discretized model, NOx removal 353
disproportionation 372, 382
dissociation
– lignocellulose saccharifi cation 444
– PVC manufacturing 375
DIST–CAN, acrylonitrile production 330
distillation
– double-effect 189
– ethanol from lignocellulosic biomass 

456
– isobutane alkylation 280
– liquid-separation system 71 ff
– phenol hydrogenation 130
– vinyl chloride monomer 215
distillation columns
– acrylonitrile production 324
– cumene synthesis 185
– EDC pyrolysis 216
– phenol hydrogenation 153
– separation system 50, see also columns
distillation line map (DLM) 86
divided wall column (DWC) 57, 82
dodecane 265
dodecanoic acid esterifi cation
– biodiesel manufacturing 419
– lauric acid 252
– zirconia catalyst 242
Doherty–Malone method 98 f
Dow-Kellog technology 175
dynamic simulation
– isobutane alkylation 281
– PVC manufacturing 390
– vinyl acetate monomer process 310
– vinyl chloride monomer process 222, 

see also simulation

e
economics 4, 12 f, 27, 36, 49, 401
– bioethanol manufacturing 431 f
– hierarchical approach 21, 55
– PVC manufacturing 363 f
– vinyl chloride monomer process 202
Eerbeek 343, 354
effi cient heat transfer 366
effl uents 265
eigenvalues 349
electron donor 340

Eley–Rideal (ER) mechanism 182
emissions
– biodiesel manufacturing 399
– propene ammoxidation 334 ff
Emmen denitrifying 343
emulsion polymerization 364
end-of-pipe antipollution 7
endothermic reactions 47
energy balance
– isobutane alkylation 278
– PVC manufacturing 383
energy consumption
– acrylonitrile production 329
– cumene synthesis 189
– phenol hydrogenation 129
energy integration 10
– benzene alkylation 187
– biodiesel manufacturing 413
– cumene synthesis 194
– hierarchical approach 23 ff
– phenol hydrogenation 156
– process synthesis 56
– vinyl acetate monomer process 302
– vinyl chloride monomer process 219
enhanced distillation 79
enrichment 64
enthalpy 132
entrainers
– bioethanol manufacturing 446
– fatty-ester synthesis 255 f
– separation system 89
environmental protection 4 ff, 26 ff
– bioethanol manufacturing 434
– phenol hydrogenation 166
enzymatic processes 415, 442
equilibrium adsorption 65
equilibrium constant
– dodecanoic acid esterifi cation 242
– lauric acid esterifi cation 237
– NOx removal 343
equilibrium design 48, 234, 238
equipment design 4
Escherichia coli 441
ESTERFIP–H process 412
esterifi cation
– biodiesel manufacturing 414
– lauric acid 235, 251 ff, 256
ethanol 92, 400, 429–460
ethanol-tert-butyl-ether (ETBE) 400 f, 431
ethers 256
ethylene 205, 212, 288 f
ethylene dichloride (EDC)
– physical properties 205
– pyrolysis 212
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– thermal cracking 210
– vinyl chloride monomer process 202 ff
ethylhexanol 235
eutectic salts 158
examples
– acetone/chloroform/toluene separation 

92
– acrylonitrile/propylene ammoxidation 37
– aromatics separation 80 f
– landfi ll gas (LFG) separation 67
– phenone acetylation 11
– propyl laurate ester 408
– rapeseed 423
– toluene hydrodealkylation (HDA) 52, 122
exothermal reactions 45 ff
– acrylonitrile production 313
– propylene ammoxidation 328
– RSR systems 119
– vinyl chloride monomer process 203
explosion limit 28, 205
extractive distillation 79, 82
– acrylonitrile production 330

f
fast initiation systems 370
fatty-acid methyl esters (FAME) 401 f, 422
fatty-esters synthesis, catalytic distillation 

231–260, 402
feasibility condition 1, 111
feed purifi cation 33 f
feed streams control 163
feedback control 107
feed-effl uent heat exchanger (FEHE)
– benzene alkylation 192
– cyclohexanol dehydrogenation 151, 156
– hydrodealkylation 124
– isobutane alkylation 279
– reactor-design 48
– vinyl acetate monomer process 297
– vinyl chloride monomer process 221
feedstock, bioethanol manufacturing 432, 

438, 449
Fenske–Underwood–Gilliland (FUG) 

method 98
fermentation, bioethanol 429, 440–453
fi lm model 343
fi re risks 28
fi rst separation step 50, 61
– propene ammoxidation 321
– vinyl acetate monomer process 299
– vinyl chloride monomer process 213
fi rst-order reaction 118
Fisher–Tropsch synthesis 438
fi xed recycle fl ow rate 44

fi xed-fl ow equation 271
fl ashes sequence
– liquid-separation system 71 f
– separation system 51
– vinyl acetate monomer process 299
fl at-blade-type turbine 384
Flory–Huggins theory 380
fl ow rates
– isobutane alkylation 270
– RSR systems 110 f
fl owsheet
– acrylonitrile production 322, 333, 336
– benzene alkylation 190 f
– BioDeNOx process 357
– biodiesel manufacturing 410 f, 414, 423
– bioethanol from lignocellulosic biomass 

448 ff
– catalytic cumene distillation 197
– cyclohexanol dehydrogenation 151
– Dow-Kellogg process 175
– ethanol from sugar cane 446
– 2-ethylhexyl dodecanoate synthesis 238
– fermentation section 454
– heat integration 220
– impurities/VCM process 226 f
– integrated process design 15
– one reactor phenol hydrogenation 159
– propene ammoxidation 335
– PVC manufacturing 366
– recycles/separation/heat integration 

157
– vinyl acetate monomer 303, 306
– vinyl chloride monomer 204, 218
fl ue gases furnace 219
fl uid properties 247
fl uid-bed reactor 210, 320
N-formylmorpholine (NFM) 82
fossil resources 399
fouling 368
four-component distillation 75
free fatty acids (FFA) 403
free radicals 371 ff, 381
freezing point, acrylonitrile 314, 317
frequency factor 140
Frössling equation 244
fuel-cell vehicles (FCVs) 401
fuel manufacturing, bioethanol 429–460

g
galactan 449
Gani method 135, 239
gas cooling 321
gas dehydration setup 305
gas emissions 6
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gas fl ows 247
gas–liquid column 207, 212
gas–liquid/solid systems 50 f, 343
gas-phase balance equations 351
gas separation system 64, 300
gas split manager (GSM) 61
gasoline
– biodiesel manufacturing 399, 430
– isobutane alkylation 261
– pyrolysis 80
gel effect 372 f
geometric characteristics, PVC reactor 

368, 385 ff
Gibbs free energy 31
– fatty-ester synthesis 236
– phenol hydrogenation 132
Glitch ballast trays 159
global-warming potential (GWP) 167
glucose 442
glycerides 402 ff
glycerol 402–416
glycols 66, 82
grand composite curves 188, 191
greenhouse gases (GHGs) 6, 12, 433
group contribution methods 32

h
H2SO4 265
HAL 100 catalyst 263
halo-hydrocarbons 67, 256
Hatta number 342, 348
Hazop analysis 23, 26
HCl
– EDC pyrolysis 214
– physical properties 205
– PVC manufacturing 364
– vinyl chloride monomer process 204, 

222
HCN 323 f, 328
health 28, 202, 289
heat effects
– PVC manufacturing 383
– reactor-design 47 f
– RSR systems 118
heat exchanger 389
heat exchanger network (HEN) 56
heat integration 26, 48
– alkylation reactor 190, 193
– propene ammoxidation 328
– vinyl chloride monomer process 219
heat transfer
– isobutane alkylation 279
– phenol hydrogenation 146
– process synthesis 56

– PVC manufacturing 363, 366, 384, 389 ff
– vinyl acetate monomer process 297
heavies 38 ff
– acrylonitrile production 323
– cumene synthesis 175, 184
– EDC pyrolysis 214
– hydrodealkylation 123 ff
– phenol hydrogenation 132–170
– separation systems 72 f, 76
– vinyl acetate monomer process 298
heavy-ends removing 72
heavy ions breakdown 264
hemicellulose 436, 449
Henry coeffi cients 347
Henry components 321
Henry law 299
heterogeneous azeotropic distillation 95, 

255
heterogeneous catalysis 99, 419 ff
heterogeneous systems 46
heuristics
– azeotropic separation 77
– hierarchical approach 25
– integrated process design 15
– split generation 63
hexose fermentation 440, 447
hierarchical approach 16, 21–60, 262
high-temperature chlorination (HTC) 

207
high-volume/low-value (HVLV) 

biofuels 437
homogeneous azeotropic distillation 88
homogeneous catalysis 416 ff
homogeneous systems 46
hot spot occurrence 146
hot stream table, cumene synthesis 187
human toxicity potential (HTPI/ HTPE) 

167
hybrid separations 79
hydraulic correlations 245
hydraulic design 46, 234, 246
hydraulic diameter 385
hydrocarbons
– acrylonitrile production 335
– lauric acid esterifi cation 256
– thermal cracking 211
– vinyl chloride monomer process 204
hydrodealkylation (HDA) 52, 83
hydrofl uorocarbons (HFCs) 434
hydrogen 57
– biodiesel manufacturing 400
– one-reactor material balance 170
– phenol hydrogenation 129
– physical properties 132
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– RSR systems 121
– separation system 52
hydrogen sulfi de 67
hydrolysis 414
hydrolyzate conditioning 453
hydropyrolysis 415

i
immobilized cell reactors 444
impurities 6, 32
– acrylonitrile production 323
– oxychlorination 208
– phenol hydrogenation 130
– plantwide control 224
– separation system 63
– thermodynamic behavior 217
– vinyl acetate monomer process 288, 

295
– vinyl chloride monomer process 201 ff
incineration process design 7
independent chemical equations 28
inhibitors
– lignocellulose saccharifi cation 444
– PVC manufacturing 372
– vinyl acetate monomer process 288
initiators 211, 370–382
inlet temperatures 184
input/output analysis 25, 32–42, 294
input/output mass balance 109, 119
input/output structure
– isobutane alkylation 267
– phenol hydrogenation 141
– process synthesis 25, 33–42
inside battery limit (IBL) 33, 39
instabilities 125
integrated process design 1–20
intermediates 403
internal reactants recycle 99
internals selection 245
intramolecular transfer 372
inventory control 43, 107
ion-exchange resins 231, 404
iron-EDTA complex 339–362
isobutane alkylation 261–286
isomerization 177
isooctane 265, 430
isopropanol 85
isopropylbenzene (IPB), cumene 

synthesis 174–195
isothermal reactor 378

j
jackets 368, 383, 390
Jerusalem artichokes 436

k
KA-oil 129, 148, 158
Katapak-S 245 f, 253
ketones 130, 148, 256
key components 32
key mixtures 294, 318
kinetics
– benzene alkylation 181
– biodiesel manufacturing 409, 416
– dodecanoic acid esterifi cation 242
– EDC pyrolysis 212
– fatty-ester synthesis 233, 241, 244
– hierarchical approach 31
– isobutane alkylation 266
– NOx removal 347
– phenol hydrogenation 137
– PVC manufacturing 375, 378
– saccharifi cation processes 442
– sunfl ower oil methanolysis 418
– suspension polymerization 371
– vinyl acetate monomer process 292
Klebsiella oxytoca 441
Kluyveromyces 440
Koch fl exitrays 159

l
landfi ll gas (LFG) 67
large-scale reactor technology 365
large-volume organic chemicals 

(LVOC) 334
lauric acid 235, 254, 404 ff
lauroil peroxide (LPO) 374
Lewis-acid type catalysts 206
LHHW kinetic model 137
life-cycle assessment (LCA) 13, 17, 433
life-cycle inventory (LCI) 12
light-ends removing 71
lights 184, 298
lignin 436, 449
lignocellulosic biomass 429, 442–450
lignocellulosic feedstock (LCF) 438
limited reciprocal solubility 317
linoleic fatty acid 404 ff
lipase 415
lipid feedstock 403
liquefi ed petroleum gas (LPG) 261, 400
liquid activity 408
liquid holdup 246
liquid–liquid equilibrium 422
liquid–liquid separation 73 f, 79
– acrylonitrile production 317
liquid–liquid split
– acrylonitrile production 323, 332
– isobutane alkylation 280
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– lauric acid esterifi cation 255
liquid phase phenol hydrogenation 130
liquid separation 71, 82
– propene ammoxidation 324
– vinyl chloride monomer process 215, 300
liquid split manager (LSM) 61
liquid velocity 246
load point 247
long-chain carbon refi nery 438
losses 161, 195
low-temperature chlorination (LTC) 207
low-volume/high-value (LVHV) 

biochemicals 437

m
macroradicals 382
make-up strategies 43
manifold projection 274 ff
mannan 449
manufacturing routes
– benzene alkylation 173
– biodiesel 409
– bioethanol 445
– vinyl acetate monomers 287
mass balance
– benzene alkylation 185
– cellulose hydrolysis 443
– ethanol from lignocellulosic biomass 458
– isobutane alkylation 268
– lauric acid esterifi cation 250
– PVC manufacturing 379
– RSR systems 106
mass exchange networks 332
mass separation agent 51
mass transfer
– bulk 351
– NOx removal 344, 347
– phenol hydrogenation 139
material balance 8, 35, 41
– acrylonitrile production 320
– cumene synthesis 175
– one-reactor process 170
– phenol hydrogenation 153, 163
– RSR structures 41
– trioleine methanolysis 423
– vinyl acetate monomer process 294, 302
– vinyl chloride monomer process 216
material fl ow analysis (MFA) 8, 434
material intensity 10
mathematical models 343
maximum uncertainty 276
Mayo equation 377
Mears factor 139, 243
mechanical treatments 450

mechanistic cycle 315
melt crystallization 73, 79
melting points 294 ,406
membrane permeation 64, 69, 79
MESH equations 252
methane 67, 399, 434
methanol
– bioethanol manufacturing 431
– critical coordinates 413
– fuel cells 401
– sustainability metrics 12
methodology
– fatty-ester synthesis 232
– separation system 61
methyl acetate manufacturing 233
methyl-tert-butyl ether (MTBE) 261, 401
methyl esters 406
methyl oleate 430
N-metyl-pyrolidone (NMP) 82
metrics, sustainability 10
Michaelis–Menten model 442
MIMO methods 57
mineral acid 404
minimum energy requirements (MER) 56
minimum losses control 161
minimum reactor volume 45
minimum temperature difference 56, 389
mixed-integer linear programming (MILP) 

17, 21, 78
mixing
– isobutane alkylation 284
– PVC manufacturing 369, 384
– RSR systems 109, 119
– VLE 294, 318
molar fl ow rates
– isobutane alkylation 270
– RSR systems 109
molar ratios
– biodiesel manufacturing 413, 418
– selectivity 181
molecular sieving 65, 456
molecular volumes, isobutane alkylation 

266
molecular weight
– acrylonitrile 314, 317
– biodiesel manufacturing 407
– cumene synthesis 176
– isobutane alkylation 266
– PVC manufacturing 364, 376, 382, 395
– VCM process byproducts 205
– vinyl acetate monomer process 289, 294
moments, continuous/discrete 

distribution 376, 382
monomers 369, 386
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motor octane number (MON) 261
multieffect distillation 189
Multipak packing 245 f
multiple steady states 45
municipal solid waste (MSW) 67
myristic fatty acid 404 f

n
Nafi on 231, 404, 419
natural gas for vehicles (NGV) 399
natural gas reforming 12
Nedalco NOx removal 343
neutralization 411, 424
NExBTL process 415
nitrile impurities 323, 334
nitrogen 67
nitromethane 211
nitrous oxides (NxO) 434
nominal operating points 275
nominal plant capacity 129
nominal production rate 106
normal-space approach, isobutane 

alkylation 274
NOx

– biochemcial removal 339–362
– emissions 6, 399, 430
number of stages per meter (NSTM) 247

o
octane number 261
octane rating 429
olefi n additions 264
oleic fatty acid 404 ff
oligomers 324
one distillation fi eld 88
one reactor process 108, 117 f,158
operation conditions
– isobutane alkylation 271 ff
– phenol hydrogenation 148, 161
– PVC manufacturing 363, 394
– vinyl acetate monomer process 293
optimization 15, 25
– fatty-ester synthesis 233, 250
– isobutane alkylation 277
– material balance 54
– phenol hydrogenation 155
organic ion-exchange resin 231
outlet reactor mixtures 176
outlet streams number 34
overall approach 56
overall heat coeffi cient 367
overall mass balance 110 f
overall material balance 35, 144
oxidation stability 405

oxychlorination 203, 208
oxygen
– lauric acid esterifi cation 256
– NOx removal 346, 352
– separation system 67
– vinyl acetate monomer process 288
ozone-depletion potential (ODP) 167

p
packing, catalytic 245
palladium-type catalysts 130, 150, 158
palmitic fatty acid 404 ff
paraffi ns 264
parametric sensitivity 146
partial phenol conversion 147
particles morphology 364
partition ratio 371, 377
pasteurization 71
patents 28
payback time 54
Pd/Au catalysts 288
Peng–Robinson EOS 53
perfl uorocarbons (PFCs) 434
Perkadox 16-W40 379
per-pass conversion
– acrylonitrile production 313
– isobutane alkylation 271
– phenol hydrogenation 150
– RSR systems 114
perselectivity 65
petrodiesel 399, 409, 430
phase equilibrium 32
– EDC pyrolysis 214
– fatty-ester synthesis 234 ff
phases
– biodiesel manufacturing 422
– NOx removal 342
phenol
– cumene manufacturing 173
– one-reactor material balance 170
– physical properties 132, 140
phenol hydrogenation
– cyclohexanone 129–172
– RSR structure 144
– to cyclohexanone 137
phenone acetylation 11
phosphoric acid 12, 410
photochemical oxidation potential 

(PCOP) 167
physical absorption 50, 64
physical properties
– acrylonitrile 317
– benzene alkylation/cumene 175
– biodiesel manufacturing 406
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– bioethanol manufacturing 430
– isobutane alkylation 265
– phenol hydrogenation 131
– PVC manufacturing 385
– vinyl acetate monomer process 293
– vinyl chloride monomer process 205
– zeolites 180
PID control law 386
pinch-point analysis (PPA) 16, 23, 26, 55
plant data 23, 27
– phenol hydrogenation 129, 148
plantwide control 17, 23
– hydrodealkylation 124
– impurities 224
– inlet fl ow rates 272
– isobutane alkylation 281
– phenol hydrogenation 162
– RSR systems 106
– vinyl acetate monomer process 305
– vinyl chloride monomer process 222
plasticizer adsorption 369
platinum catalysts 137
plug-fl ow reactors (PFR) 44
– glycerides transesterifi cation 421
– RSR systems 114
– vinyl acetate monomer process 297
pollution 6, 11
– acrylonitrile production 334
– biodiesel manufacturing 399 f
polyalkylation 177
polychlorinated biphenyls (PCBs) 27
polydispersity index 377
polylactic acid (PLA) 439
polyvinyl acetate manufacture 287
polyvinyl chloride (PVC)
– suspension polymerization 363–398
– vinyl chloride monomer process 201
potatoes 436
potential environmental impact (PEI) 

166, 170
power consumption 26
– acrylonitrile production 331
– PVC manufacturing 370
practical minimum-energy requirements 

(PME) 12
Prandtl number 139
prefractionator 77
preliminary chemical/phase equilibrium 

(CPE) 236
preliminary hydraulic design 246
preliminary material balance 36, 294
preprocessing 437, 452
pressure effect
– acrylonitrile production 320

– binary cyclohexanone/cyclohexanol 
VLE 143

pressure-swing distillation 79
primary raw materials (PRM) 8
process design
– BioDeNOx 357
– ethanol from lignocellulosic biomass 449
– phenol hydrogenation 161
process fl ow diagram (PFD) 18
– biodiesel manufacturing 423
process fl owsheet
– alkylation/transalkylation/energy 

integration 194
– benzene alkylation 192, see also 

fl owsheet
process intensifi cation 15
process selection, NOx removal 341
process steps, vinyl chloride monomer 

process 202
process synthesis/integration 3, 14, 21–60
process utilities 27
process-control system 26
processing costs 37
product price 27
production costs, bioethanol 

manufacturing 432
production rate 4
– isobutane alkylation 266, 272
– lauric acid esterifi cation 249
– phenol hydrogenation 161, 165
– RSR systems 109, 116
– vinyl chloride monomer plant 225
production-integrated environmental 

protection 6
project defi nition
– benzene alkylation 173
– bioethanol manufacturing 449
– fatty-ester synthesis 233 ff
– phenol hydrogenation 129
– propene ammoxidation 313
– PVC manufacturing 363
– vinyl acetate monomer process 288
– vinyl chloride monomer process 201
project-based learning 2
propagation 375, 382
propane
– acrylonitrile production 313
– butane blend 400
– cumene synthesis 176
– isobutane alkylation 265
propanol 255
n-propanol 85
propene ammonoxidation 12, 313–338
propene conversions 179
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propyl laurate ester 408
propylene 176
propylene ammoxidation 37
proton transfer 265
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