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Döbereiner, JW 16
DOC (dissolved organic carbon wastewater

analysis) 199
Dow / UCC 3
drag coefficient 177
dry air, properties of 189, 346
drying 167–169
– contact dryer 169
– convection dryer 169
dual-flow plates 128

E
earnings 350
eco-efficiency analysis 351
ecological fingerprint 351
economic risk 361–363
ecotoxicological data 264
Eddy current flow meter 209
ethyl acetate 251
elasticity, modulus of 229
elastomers 227
electrical energy 188, 343
– dielectric constant 410
electrodialysis 169
elements, list of 382
Eley-Rideal kinetics 43
enamel 227
end product 278
energy 388
– activation energy 249
– analysis, energetic 121
– binding energy 39
– electrical 188
– prices for energy sources 275, 341–346
– refrigeration energy 346
– supply 186–189
engineering phase
– basic 308, 311, 318
– detail 312, 318
enthalpy
– conservation of 52
– of evaporation 186
– of formation 239
– reaction of 241–242
– – free enthalpy of 242
– – Gibbs standard enthalpy of formation 242
– – Gibbs standard reaction enthalpy 242

– temperature-enthalpy diagram 342
entropy, standard 243
EOX (extractable organic halogens wastewater

analysis) 199
equilibrium
– chemicals 240
– constant K 242
– phase 55, 265
– thermodynamic 240–245
– vapor-liquid 266
errors / error function 65, 284
ethylene oxide 7, 246
EU law 416
Eulers equation 173
eutetic system 158
evaluation
– preliminary study 283
– technology evaluation 350–352
evaporator / evaporation 90–91, 99, 186,

264–266
– enthalpy of 186
– falling-film 90
– flash 99
– heat of 264, 266, 344
– helical-tube 91
– thin-layer 91
experimental work, assessment of 357
expert systems 292
explosion
– combinatorial 286
– diagram 221
– limits 265
extraction 143–155
– column 156
– countercurrent 150
– one-stage 150

F
factor
– F factor 176
– labyrinth factor 37
– loading factor 176
Fahrenheit scale 202
falling-film
– crystallization 162
– evaporator 90
feed ratio 103
feedback 211
feedstock cost 340–341
Fenskes plate number 108
ferrous metals 226
Ficks law 35
– first law 35
– second law 35

Subject Index470



field level 203
film
– crystallization 162
– – falling-film 162
– diffusion 32–34, 50
filters
– belt filters 171
– biofilters 196
filtration 170–172
fine chemicals 7
fingerprint, ecological 351
firms
Aventis 3
fixed costs 4
flammable liquids 222
flares 192
flash
– evaporation 99
– point 222
floating-body flow meter 208
flow
– cash flow 362–363
– diagram, basic 332
– dual-flow plate 128
– measurement 206–210
– – Coriolis flow meter 209
– – Eddy current flow meter 209
– – floating-body flow meter 208
– – magnetic-induction flow meter 208
– – thermal flow meter 209
– – ultrasonic flow meter 210
– P & I flow studies 321–322
– Poiseuille flow 38
– process flow diagram 333
– profile 175
– – laminar 175
– – plug 175–176
– – turbulent 175
– velocity 177
– waste-disposal flow diagram 344
fluid
– coking 274
– dynamics 172
– phases, special processes for 169
fluidized-bed reactor 77
force 387
formaldehyde 241
formation
– enthalpie of 239
– Gibbs standard enthalpy of formation 242
– mixed-crystal 158
– seed 158
fouling 22, 90
– factor 356

Fouriers first law 81
free
– path 36
– space 35
– – diffusion in free space (see also diffusion)

35–37
frequency 152
fuels 345
fugacity 242
– coefficients 98
function plans 323–324
future 370

G
gas
– critical values for some gases 391
– kinetic gas theory 35
– natural gas 273, 369
– off-gas purification 194–196
– permeation 169
– phase 94
– real gas factor 412
– vacuum gas oil 274
gas-liquid equilibria 94
GHSV 21
Gibbs standard
– enthalpy of formation 242
– reaction enthalpy 242, 394
Gibbs-Thomson equation 156
Gilliland diagram 109
gradient 379
graphite 227
group-contribution methods 243

H
Haber-Bosch process 19
Hagen-Poiseuille law 175
hastelloy C 234
Hatta number 50
hazard potential 220
heat
– capacity 228, 243–244, 264, 389, 392
– of combustion 239
– of evaporation 264, 266, 344
– exchangers 84
– – indirect 93
– – plate 87
– – spiral 87
– – tube-bundle 87
– of melting 264
– of reaction 239–240
heat-transfer 80
– coefficient 82, 84, 389
helical-tube evaporator 91

Subject Index 471



Henrys
– constant 138
– law 137
Hess equation 239
heterogenous catalysis 17
heuristic rules 121
high-throughput screening 19
Hoechst 3
vant Hoff equation 244
Hofmann-Schoenemann method 67
homogenous catalysis 17
HTU-NTU method 141
hydrocracking 274
hydrodynamics 172
hyperbolic functions 375

I
ICI 3
ideas 12
ignition
– energy 222
– temperature 222
impregnation 25
incineration 277
– plants 348
indexing word / subject index 467–469
industrial research and development 3–4
infinite plate number 104
infrastructure 335
– costs 339
integral
– calculus 376
– reactor 247–248
– selectivity 257
intermediates 5–6
– prices 340
investment costs 336–339
– ISBL 335
– OSBL 339
– return on investment (see there) 358–361
ion / ionic
– exchange 167
– product, ionic 410
iron, soft 226
ISBL 335
– investment costs 336–339
isobars 96
isochore 96
isotherm 38–41, 96
– Brunauer-Emmet-Teller isotherm 41
– compression, isothermal 185
– Langmuir isotherm 39–40
– sorption isotherm 38
– – adsorption 40, 42

K
key technologies 18
Kickhoff meeting 313
kinetics 31–50, 245–256
– data 248
– Eley-Rideal kinetics 43
– gas theory 35
– Langmuir-Hinshelwood kinetics 42
– macrokinetics 32, 55
– Mars-van Krevelen kinetics 44
– microkinetics 31, 55
Knudson diffusion 35, 37
Krupp 234

L
labyrinth factor 37
Langmuir isotherm 39–40
Langmuir-Hinshelwood kinetics 42
Laplacian equation 381
law 416
LD50 265
learning curve 9–10
length 385
Lever rule 149
LHSV 21
licensing (see also patenting situation)

267–270, 314–317
lifetime 22–24
logical elements 219
Linnhoff analysis 342
liquid
– distribution 130
– flammable 222
– gas (see there) 35, 94, 169, 194–195, 273
– gas-liquid equilibria 94
– oil (see there) 273–274
– pumps 179, 184
– residues 192
literature 427–464
loading 38, 146–147
– factor 176
location 271

M
machines 356
macrokinetics 32, 55
macropores 31
magnetic-induction flow meter 208
maintenance costs 349
malotherm 92
market
– capital, chemical companies 3
– growth 272
– price 272

Subject Index472



– situation 272–273
mass transport 50
Mars-van Krevelen kinetics 44
mass 386
– atomic masses 382
– balance 261–263, 334
– conservation of mass 52
materials
– balance 299
– for chemical apparatus 226
– metallic 233
– raw (see raw materials) 5–6, 273–275
– selection 224–236
– support material (Tragermaterialien) 27
McCabe-Thiele
– diagram 98
– method 102, 146
measurement 202–210
– bubble-through measurement 205
– flow measurement (see there) 206–210
– measuring level 205–206
– point 216
– pressure measurement 205
– temperature measurement 202
mechanical processes 170–172
– stress, mechanical 387
– and thermal stability 228–229
melt crystallization 161–162
melting, heat of 264
membrane separation 169, 196
mesopores 31
methanol-water mixture 97
Michaelis-Menten mechanism 249
microkinetics 31, 55
microplant 296–297
micropores 31
microreactors 79
miniaturization, limits of 300–302
miniplant 281, 296–298
– automation of 301
– integrated 281
– technology 297–298
mistakes 284
Mitasch, A 18
mixed-crystal formation 158
mixed-oxide catalyst 26
mixer-settler stage 145
mixer-settlers 154
mixture
– acetone-water 126
– athermal 99
– binary 96, 390
– data of 265–266
– methanol-water 97

– regular 99
model
– BET model 40
– cell model 66
– construction of models 323–325
– dispersion model 63
– NRTL model 266
molar fraction 146
molecular velocity 36
Montz A3 128

N
Nabla operator 379
Naviers equation 172
negation 219
Nernst distribution law 145
nonisothermal reactors 68–74
Novartis 3
NPSH (net positive suction head) 181
NRTL
– equation 99
– model 266
Nusselt number 34, 85, 414

O
oil
– consumption 273
– vacuum gas oil 274
olefines, prices 275
one-stage extraction 150
on-stream time 24
orientational study 283
orifice plate 207
OSBL 335
– investment costs 339
osmosis, reverse 169
Ostwald, W 16
overall
– efficiencya 344
– factor 337
overhead costs 349
oxygen
– BOD5 (biological oxygen demand wastewater

analysis) 198
– COD (chemical oxygen demand wastewater

analysis) 198
– corrosion 231
– propene-oxygen-nitrogen 221

P
P & I flow studies 321–322
packings 127
parallel reaction 255
particle size 30

Subject Index 473



patent / patenting and licensing situation
267–270, 314–317

– claims 269
– World patents index 268
Peer, M 18
pervaporation 169
petrochemistry 5, 273
petroleum 273–274
phase
– composition 29
– design phase, basic 308, 318
– diagram 95, 158
– engineering phase (see there) 308, 311, 318
– equilibrium 55, 265
phthalic acid 246
physiochemical data 263–266
Pictet-Troutman rule 266
pilot plant 281, 296, 302–303
pinch 342
pipelines 174–179
– pipe diameter 177
plant
– capacity 276–277
– chemical plant 15
– – clarification plant 197–199
– – combustion plant 192–195
– incineration plants 348
– microplant 296–297
– miniplant (see there) 281, 296–298, 301
– pilot plant 281, 296, 302–303
– production plant 281
– safety 220–223
– sewage treatment plant 277, 348
– trial plants 296
plastics 235
– thermoplastics 227
plate 104–108, 127
– bubble-cap 127
– dual-flow 128
– efficiency 105
– heat exchanger 87
– number
– – Fenskes 108
– – infinite 104
– – Underwoods 108
– orifice 207
– sieve 128
– spring-plate manometer 206
– valve 127
plug flow 175–175
Poiseuille
– diffusion 35
– flow 38
poisoning 22

pole point construction 147
polytropic reaction control 71
pore
– cylindrical single pore 46
– diffusion 35, 37, 45
– structure 30
– type 31
porosity 37
portfolio matrix 272
position controller 211
potential
– chemicals 144
– equation 381
– hazard 381
power 388
– law 249
Prandtl number 85, 414
precipitation 25
pre-exponential factor 249
preproject 308
pressure 387
– drop 78, 131, 177–178
– measurement 205
– transducer 206
– two-pressure distillation 132
price (see costs) 3–4, 11, 25–27, 270–272, 275,

336–339
process
– control system 203
– description 322
– development 11–12, 281–284
– flow diagram 333
– study 283
product
– basic products 5–6
– end product 278
– ionic 410
– processing
– – thermal 80–170
– – mechanical 170–172
– question mark products 272
– star products 272
production
– costs (see there) 3–4, 11, 25–27, 336–351
– plant 281
– processes 7
– structure 4–11
project
– execution 313
– preproject 308
– study 283
– team 367
promotors 29
propene 254

Subject Index474



propene-oxygen-nitrogen 221
properties of water 399–401
pulsation 152–153
pumping station 180
pumps 179–185, 344
– centrifugal 179
– liquid 179, 184
– ring 183–184
– rotary 180
– vacuum 182–183

Q
quench 93
question mark products 272

R
Raoults law 98
ratio control 218
rational catalyst design 19
raw materials 5–6, 273–275
– fossil 6
– prices 275, 340
– renewable 6, 369
reaction
– autocatalytic 251
– control 70–71
– – adiabatic 70
– – polytropic 71
– differential circulating 247
– enthalpies 241, 394
– – free enthalpy of 242
– heat of reaction 239–240
– heterogeneously catalyzed reaction 248
– parallel 255
– rate 246
– sequential 255
– surface 42
– technology, chemical 51–79
– term 52
reactor 51–79
– design of reactors 74–79
– fluidized-bed reactor 77
– ideal reactors 56–57
– integral reactor 247–248
– microreactors 79
– nonisothermal reactors 68–74
– real reactors 63
– salt-bath-bundle reactor 78
– stirred-tank reactor 75
– tubular reactor 76
rectification 102
– reactive 134
Redlich-Kwong equation 95
reflux ratio 103–105

– minimum 104, 108
– optimum 105
– total 104
refrigeration 189
– energy 346
regular mixtures 99
reliability, technical 352–357
renewable raw materials 6, 369
Reppe chemistry 6
research 3–4
– evaluation preliminary study 283
residence-time
– behavior 60–61
– cumulative residence-time curve 61
– distribution function 61
residues 192
– long 274
– short 274
resistance thermometer 204
return on investment 358–361
– dynamic return 360–361
– static return 358–360
reverse osmosis 169
Reynolds number 85, 414
Rhone-Poulenc 3
ring pump 183–184
– liquid 184
risk (R) phrases 416–418
river water 188
rotary pump 180

S
safety (S)
– concept 319
– data 264
– phrases 418–419
– plant 220–223
– studies 317–320
salt-bath-bundle reactor 78
scalar field 379
scale-up factor 282
scale-up law 153
Schmidt number 34, 414
screening, high-throughput 19
sedimentation 172–174
seed formation 158
selectivity 16, 20, 145, 257–259
– differential 257, 259
– integral 257, 259
self-diffusion coefficient 407
sensitivity analysis 361–362
sensors 202
separation processes
– chromatographic 169

Subject Index 475



– thermal and mechanical 80–172
sequential reaction 255
setpoint 211
sewage treatment plant 277, 347
Sherwood number 34, 414
short-cut methods 108
sieve plates 128
simulation programs 288–291
sintering 23
sleeping dog 272
slop system 201
solution / solubility 156, 264
– crystallization 159–161
solvent, minimum amount of 151
sorption 38
– adsorption (see there) 38, 165–166, 196
– chemisorption 165–166
– isotherm 38
space, free space 35
space-time yield 21
specialists 367
specialty chemicals 8
specific units, method of 338
specification 278
sperical coordinates 377
spinning-basket principle 248
spiral heat exchanger 87
split range 218
spring-plate manometer 206
staff costs 348
staircase
– construction 105
– method 140
star products 272
start-up 327
steam 343
– distillation 142
– network 186
steel 226
– carbon 234
– V2A 234
– V4A 234
Stefan-Boltzmann law 80
STN International 268
Stokes equation 172
storage 190
stress, mechanical 387
stripping 136–143
studies
– evaluation preliminary study 283
– P & I flow studies 321–322
– process study 283
– project study 283, 317–320
– safety studies 317–320

– study reports 331–357
subject index 467–479
submicropores 31
Sulzer BX 128
Sulzer Chemtech 162
supercritical
– conditions 69
– media 169
supersaturated solution 156
supersolubility curves 158
support (Tragermaterialien) 27
– material 29
surface
– analysis methods 422–424
– diffusion 35, 38
– reaction 42
– structure 30
– tension 401
suspension crystallization 162

T
tank
– farms 190
– stirred tank
– – batch stirred tank 57
– – ideal continuous stirred tank 56
– – reactor, stirred-tank 75
tantalum 226
taylor series 373
team work 367
– project team 367
technology / technical
– chemical reaction 51–79
– control technology 211–220
– data sheets, technical 323
– evaluation 350–352
– miniplant 297–298
– reliability, technical 352–357
– S curve 9
temperature
– decomposition 223
– ignition 222
– measurement 202
– profile 21
temperature-enthalpy diagram 342
tetrahydrofuran 133
thermal
– combustion 192
– conduction / conductivity equation 81, 228,

381, 389
– expansion 228
– mechanical properties and thermal stability

228–229
– thermal flow meter 209

Subject Index476



– nonisothermal reactors 68–74
– processes 80–170
– radiation 80
thermodynamic
– data 393–394
– equilibrium 240–245
thermoelement 204
thermometer, resistance of a metal 204
thermoplastics 227
Thiele modulus 45
thin-layer evaporator 91
throttle devices 207
tie line 3 149
time
– compensation time 213
– delay time 213
– lifetime 22–24
– on-stream 24
– space-time yield 21
titanium 226
TOC (total organic carbon wastewater analy-

sis) 199
toxicity 264
training 326
transducer 211
– pressure transducer 206
transformation 378
trial plants 296
triangular diagram 149, 159
triangular scheme 258
trigonometry 374
triple point 401
tube-bundle heat exchanger 87
tubular reactor 76
– ideal 57
tungsten 226
two-pressure distillation 132

U
Ubbelohde viscosimeter 175
ultrasonic flow meter 210
Underwoods plate number 108
UNIQUAC equation 99
units to SI units, conversion of 385
URAS 210

V
vacuum
– gas oil 274
– heavy vacuum distillate 274
– pump 182–183
valve plates 127
vapor permeation 196
vapor-entrainment distillation 136, 142–143

vapor-liquid equilibria 266
variable costs 4
vector
– analysis 379
– field 379
velocity 387
– flow 177
– molecular 36
ventilators 184
virial equation 95
visbreaking 274
viscosity 264, 389
– dynamic 389
– kinematic 389
– Ubbelohde viscosimeter 175
volume 386
VOX (volatile organic halogens wastewater

analysis) 199

W
van der Waals
– constants 391
– equation 95
waste-air purification 194
washer, biowashers 196
waste-disposal 192–201
– costs 347–348
– flow diagram 334
– site 277, 348
– situation 277
wastewater
– analysis 198–199
– – biological oxygen demand (BOD5) 198
– – chemical oxygen demand (COD) 198
– – dissolved organic carbon (DOC) 199
– – extractable organic halogens (EOX) 199
– – total organic carbon (TOC) 199
– – volatile organic halogens (VOX) 199
– purification and disposal 197–201
– treatment 197
– – biological 197
– – chemical 197
– – physical 197
water
– acetone-water mixture 126
– cooling 188–189, 345
– methanol-water mixture 97
– properties of water 399–401
– river water 188
– wastewater purification and disposal

197–201
water-gas shift reaction 244
wave equation 381
WHSV 21

Subject Index 477



Wilson equation 99
World patents index 268

Z
Zahn-Wellens test 199
Ziegler-Nichols method 215
zirconium 226

Subject Index478


