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Absorption spectroscopy, 387
carbon, 167, 422 scale-up, 396
coefficient, 565-566 Agitation (see also Mixing),
drug, 487-488, 673-679, 701, 704-705, 710, 724 batch process with homogeneous reactions, 115-117
gas-liquid transport, 94 batch process with multiphase reactions, 117-119
light, 351, 357, 565-567, 581, 631, 696 bioreactors, 33, 35, 38
scale sensitivity assessment, 90 catalyst reduction process, 107-108
Absorptivity, 566 characterization of API reactions, 114
Accumulation computational modeling, 285
cell culture, 48 crystallization kinetics and process selection, 228, 231
computational modeling, 281, 283 effect on mass transfer coefficient, 102
electrostatic charge, 375, 668 equipment characterization and assessment, 130
film coating issues, 638 extraction operations, 199-201
hopper, 647 fed-batch processes, 124
laboratory investigations, 199-200 filtration and drying operations, 324, 326, 330-344
material balance, 655, 669 gas-liquid mass transfer process, 105-107
plug flow, 128 kilo lab and pilot plant, 420, 424-425, 430
reactive crystallization considerations, 245-246 OPENCHEM, 137,139
scale sensitivity assessment, 90 pharmaceutical manufacturing, 864
thermal, 159-161, 165-166 process control, 869
Adiabatic scale-up,
definition of, 156 batch crystallization, 239, 241-245
temperature rise of synthesis, 156 chemical reactions, 263, 265-266
Adsorption and assessment, 388, 394-396, 400-402
competitive, 350-351 catalytic hydrogenation reactions, 109
enthalpy and entropy of, 89, 349 API reaction systems, 113
equilibrium constant, 88—89 dos and don’ts, 408, 412-413
filtration, 43, 45, solid dosage formulations, 676
isotherm, 349-350 wet granulation process, 757, 759, 763-764, 771, 774
key design elements, 348-350 Aspen,
of hydrogen, 88, 108 batch distillation, 191-193, 512-513
of nitrogen, 228 COSMOthermX data comparison, 210-212
particle size determination, 677 custom modeler, 191, 512
selective, 353 discussion of, 522
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Aspen (Continued)
plus, 184, 190, 197-201, 512-513
properties, 184-185, 193, 201-211, 512-517
reaction modeler, 512-513
solubility modeler, 512-515
Azeotrope, 186-191, 211-212, 300, 343-344, 396, 412413

Batch,
API Process R&D, 74-84
AspenTech, 512-513
biologics, 38, 4243, 46, 50-53
chromatography, 348
continuous process comparison, 94-97, 127-129, 437-453
crystallization, 213, 216-219, 225-228, 232, 237-245
distillation, 189-201, 305
dosage formulations, 686—695
dry granulation, 728, 738-742
drying, 335
exothermicity, 159-160
fed-batch, 120-127
filtration, 319-330
freeze-drying, 803-807, 812
gas disengagement, 131
homogeneous reactions, 115-117
kilo lab & pilot plant manufacturing, 417, 420, 424-432
manufacturing, 17-19, 855-875
milling, 373, 375
mixing, 130, 249, 252, 255-267
modeling, 635, 645-650, 659
monitoring, 631
multiphase reactions, 117-119
OPENCHEM, 141-142, 151
pervaporation, 305-312
process scale-up, 389—-403, 407416
quality by design, 553, 555, 560, 872-875
runaway scenario, 155
secondary production, 837-850
simulation and scheduling tools, 522-541
solid solutions, 834-835
wet granulation, 774-777

Boiling Point,
as a safety barrier, 176-177
crystallization, 218, 246
distillation, 194-195
drying, 332-334, 341
filtration, 331
laboratory investigation, 193-194
membrane systems, 302
MTT (maximum temperature for technical reasons), 156—157
phase diagrams, 186, 188-189
strip and replace batch distillation, 191-192
scale-up dos and don’ts, 412

Boltzmann,
factor, 459
weight, 460
distribution, 582, 586, 593
equation, 814

Bourne reactions, 92, 263-264

Calorimetry,
adiabatic, 172-175, 178
DSC (difterential scanning calorimetry), 367, 462,
496, 805
exothermicity, 158-161
for reaction kinetics and characterization, 80-85
scale-up dos and don’ts, 408, 410, 413
U determination, 165
Centrifugation (see also Filtration),
cake wash, 331
filtration 319-320, 322, 325-330
large scale protein manufacturing, 38-39
scale-up in bio-manufacturing, 33
Cell culture (see also Proteins), 29, 31-38
discussion of, 29
filtration, 45-47
mass transfer models, 48
scale-up, 31-33
large scale, 33-38
CFD (Computational fluid dynamics),
biologics, 42
freeze-drying, 813-814
mixing modeling, 271-282, 285-287, 291-294
mixing scale-up, 257-267
OpenChem, 151
process modeling, 636-637
reducing costs, 24
Chemical potential (see also Free energy),
controlled release, 709
crystalline form, 215
definition of, 184
drug solubility, 457, 460-462, 467-475
Chromatography
scale up in bio-manufacturing, 32
large scale protein manufacturing, 40-43
design and economics, 347-362
process greeness, 391
process metrics, 392
scale-up dos and dont’s, 415
process simulation and molecular thermodynamics, 506
API process engineering, 564-568
quality by design, 876
Coating,
controlled release, 711
film, 635-637, 654-659
fluidized bed, 848
modeling, 653-670, 781-798
scale-up, 695-700
Condensation,
strip and replace batch distillation, 191
batch distillation simulation, 194
pervaporation, 300, 305
uncertainty and variability analysis, 530
freeze-drying process, 803
Conductive,
dryers, 335
heat transfer, 258, 824-825
safety concerns, 375, 384



Conformations,
COSMO-RS, 460-462, 473474
polymorph screening, 491-503
Continuous processing,
case studies, 437-454
introduction to, 17, 19
mixing scale-up, 258
penicillin, 75
secondary production, 837-850
Controlled release (see also Coating, Dosage),
equations for, 712-720
discussion of 703-705
profiles and mechanisms for, 705-712
Cost (manufacturing cost) 16-18, 69, 391, 424, 529
Control volume, 635-637, 655-658, 668—669
Cooling,
biologics, 33
conformational polymorph screening, 491-492, 496-499
crystallization, 220-229, 232-240, 245-246
extraction, 195
failure, 121, 155-160, 168, 172-177
freeze-drying, 802-807
hot melt extrusion, 822, 826-830
kilo lab & pilot plant, 420, 424
mixing scale-up, 258-260
multivariate analysis, 853, 858, 862-864
process safety and reaction hazard assessment, 155-177
process scale-up, 381, 384-386, 400—401
scale-up dos and don’ts, 410-414
secondary production, 846-847
solid oral drug products, 654-655
wet granulation, 776
Convective,
blending, 696
dryers, 335
heat transfer, 40, 258
mass transfer, 4041
COSMO-RS, 457-475
Cosmotherm X, 185, 192, 95, 201, 203-212, 463, 465
Crushing and grinding,
milling, 368-370, 374
breakage in wet granulation, 771
Crystallization,
antisolvent, 236-237, 245
continuous, 238, 438, 453
cooling, 232-236, 245
COSMO-RS, 461
definition of, 213
design objectives and constraints, 213-220
development assessment, 387-391
drug solubility, 472
drying, 332-335
evaporative, 237-238, 246
filtration, 315, 320-322, 330-332
freeze-drying, 802-807
kilo lab & pilot plant, 421, 424
kinetics and process selection, 224-232
milling, 367, 371-372, 402

INDEX

multiple responses, 614
pervaporation, 305
reactive, 237, 245-246
scale-up, 239-246, 380-383, 393, 396, 399-403
scale-up dos and don’ts, 410, 412, 414415,
solubility assessment, 220-223
solvent selection for polymorph screening, 491-502
thermodynamics, 510
Crystals (see also Crystallization)
Crystalline form, 215-216
particle size, 216-219
physiochemical properties, 677-678
incoming powder and outgoing granule properties, 735
ice (freeze-drying), 801-806
CSTR (continuous stirred-tank reactor),
definition of, 442
pros and cons, 442-445
in series, 129
scale-up, 258-259
Cyclone separation, 368, 370, 845

Damkohler number, 90-93
Design space,
hot extrusion, 819-835
large scale chromatography 348, 359-361
multivariate analysis, 853-856, 872-876
prediction of API reaction systems, 114-119, 124-134
quality by design, 68-69, 547-548, 553
wet granulation, 648-649
Desorption,
freeze-drying, 801-14
membrane systems, 300
reaction kinetics, 90, 94
Diffusion,
drug comparison, 704
controlled release, 706, 708
diffusion-controlled systems, 712, 715
Dissolution,
controlled release, 706-709, 715-724
crystallization, 216, 220-223, 232-236
dry granulation, 743
filtration, 329-331
kinetics, 110
milling, 365-367
mixing scale-up, 261
modeling, 139, 143, 152, 638, 649
polymorphic systems, 477, 487-488
profile, 665-666, 743
quality by design, 549, 556
rate of, 118
rate coefficient, 716
reaction modeling, 85
scale-up dos and don’ts, 413
solid-liquid transport, 91
solid dosage formulations, 673-677, 684-690,
695-698
solid solutions, 820, 828-829
wet granulation, 761, 765, 775-777
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Distillation,
API reaction systems, 113-114, 117-118
batch process monitoring, 864
continuous reactors, 95
design of, 183-212
drying, 332
membrane systems, 300, 30, 311-313
process modeling, 506, 510-513
process scale-up, 396-398
scale-up dos and don’ts, 408, 413-416
sustainable pharma processes, 63
DOE (Design of experiment),
dosage formulations, 680, 693
pharmaceutical manufacturing, 856-857
quality by design, 555-560
secondary production, 849-850
solid solutions, 821, 830
Dosing,
API reaction systems, 121, 124-125, 130
controlled release, 703, 710, 720
crystallization, 241
dosage forms, 663, 841, 845
safety and reaction hazard assessment, 159-161, 165-166
solid dosage formulations, 695
Dryers (see also Drying),
conductive, 335
contact, 335
convective, 335
filter, 323-325, 329, 335
freeze-dryers, 812-813, 816
non-agitated filter, 325
pan, 335-336
rotary cone (conical), 336-337, 425
spray, 337-339
static, 340
tray, 335-336, 338-339, 425
tumble, 335-339, 344
Dry Granulation (see Granulation)
Drying (see also Dryers),
curves, 333
freeze-drying, 801-814
long drying times, 334, 337-338, 344, 801, 809
modeling, 340
operations, 332-341
spray, 338, 402, 637, 699, 802, 820-821
DynoChem, 341-342, 396, 575-577

Endothermic, 158, 170
Energy balance,
dosage forms, 668—669
drying, 340-341
calorimetry, 80
crystallization, 241
pervaporation, 308
tablet film-coating, 655-656
Energy dissipation,
local, 131
crystallization, 242-245

mixing scale-up, 251-262
modeling of multiphase mixing, 272, 275, 277, 285-286,
293-295

Enthalpy,

adsorption, 89

discussion of, 160

decomposition, 169-170

crystallization, 215, 221, 241

drying, 332, 334, 341

chromatography, 349

drug solubility and reaction thermodynamics, 468—470, 473
polymorphic systems, 477, 484

thermodynamics for modeling, 506, 515-516, 656
dosage forms, 669-671

risk assessment, 825

Entropy,

adsorption, 89

crystallization 215

chromatography, 349

drug solubility and reaction thermodynamics, 461-462
polymorphic systems, 477—478

thermodynamics for modelling, 507

Enzymes (see also Proteins, Cell Culture),

biologics, 31-33, 38, 53
controlled release, 706
mixing scale-up, 263

Equilibrium,

Liquid-liquid,

vapor-liquid,

gas-liquid, pervaporation, 308
granule size and saturation, 775

ERETIC, 593
Evaporation (see also Evaporators),

analytical chemistry, 573

conformational polymorph screening, 496
crystallization, 225, 237, 246

drying, 335, 343

filtration, 331

membrane systems, 299-300

process safety and reaction hazard assessment, 172, 177
gNMR, 592

solid oral drug products, 654

spray atomization modeling, 782-783, 788-790
wet granulation, 776

Evaporators (see also Evaporation),

film, 453
rotary, 397, 413

Example Problems,

Calculate Mass transfer coefficient in bioreactor, 37
Calculate filtration area for cell-culture sterilization, 46
Continuous reaction with L-L extraction, 75

Continuous resolution — crystallization, 77

Mass transfer limited hydrogenation, 119

Mass transfer limited reaction with solid dissolution, 120
Forward versus reverse addition profile, 124
Rate-equation based design space, 124

Heat flow during fed-batch oxidation using H,O, 128
Kinetic modeling of a catalytic cycle, 138
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Calculate Heat transfer coefficient of stirred tank, 164 controlled release, 704
Calculate dosing time to keep Tj constant, 166 dry granulation, 728, 733-734
Scale-up of gas-release data, 172 freeze-drying, 801, 804, 808
Distillation of n-heptane-ethanol (binary), 188 hot melt extrusion, 826
Distillation of EtOH-H,0 from toluene (ternary), 190 milling, 365, 374-375
Batch strip-replace, calculate solvent usage, 192 polymorphic systems, 488
Constant-level distillation vs strip-replace, 193 process modeling, 512-513
Extraction of acetone from water into toluene, 195 quality by design, 549-550, 874-875
Multiple single-stage extraction operations, 195 secondary production, 838-843
Multi-stage countercurrent extraction, 199 solid oral drug products, 635, 638, 643, 646
Particle size distribution calculation from sieve data, 217 solid dosage formulations, 678-701
Optimal cycle time from crystallization, isolation, drying, 219 wet granulation, 757, 775-776
Predict crystallization yield and purity from solubility data, 222 Exothermic,
Estimate metastable zone width, 227 continuous reactor systems, 438-441, 445, 447, 450
Cooling crystallization and rate of desupersaturation, 234 reaction hazard assessment, 155-162, 166, 169-176, 179
Heat transfer area to volume, 239 scale-up assessment, 381-386, 394
Calculate Tr-Tj needed for a cooling crystallization, 240 scale up dos and don’ts, 410-413
Scale-up of crystallization mixing, 243 Extraction,
Sizing of an agitator motor for a stirred-tank vessel, 254 Liquid-liquid, 185, 197-201, 249, 393
Scale-down of energy dissipation to lab vessel, 254
Calculate membrane area to achieve a certain rate of Factorials, 607-609
separation, 306 Fans, 423
Calculate filtration area for agitated filter drier, 318 Filtration (see also Filters and Centrifugation),
Compute specific cake resistance, 328 biologics, 33, 39, 4347, 52-54
Selection of drying equipment, 338 crystallization, 183, 214, 219-220, 232
Calculate drying time from characteristic drying curves, 342 design of, 315-332
Drying IPA-water wetcake and avoid the IPA solvate, 343 kilo lab & pilot plant, 421-426
Scale-up of large-scale chromotography columns, 358 milling, 366-367
Process scale assessment, 382 nanofiltration, 299, 305, 309-311
Calculate carbon loading required on scale-up to remove process scale-up, 389, 399, 396, 399, 401
color, 399 scale-up dos and don’ts, 414
Residence time and conversion calculation of an ideal PFR, 445 simulation and scheduling, 526-532
Solubility prediction of acetaminophen in pure solvent Filters (see also Filtration),
(CosmoTherm), 462 dryers, 323-329, 335-338, 344, 389-392, 421425,
Solubility of acetaminophen in binary solvent mixtures 435-436
(CosmoTherm), 465 leaf, 322-323, 328
Estimate the heat of reaction for reducing nitrobenzene Nutsche, 418, 824-425, 523-528, 534-536
(CosmoTherm), 469 plate, 425
Estimate equilibrium constant and composition of transamination pressure, 219, 392-393, 421
reaction (CosmoTherm), 470
Solubility of polymorphic forms (acemetan), 454 Fluidized bed, 370-371, 403
Conformational populations of S-Ibuprofen, 494 Flux,
Solubility predictions using Aspen NRTL-SAC, 514 filtration, 317-319, 327-328, 401
Modeling in SuperPro Designer with cost analysis example, 523 heat, 30, 158
Purity vs. Potency, 564 mass, 789, 795-796
Response factors in kinetic analysis, 566 reaction, 143
23 factorial design, 602 solute, 310, 718
3-factor Central Composite Design, 615 solvent, 309-311
Computing principle components, 622 spray, 758-764, 773-779
Setting Multivariate Raw Material Specs using PCA, 642 volume, 309-310, 717-719
Scale-up of wet granulation models, 651 Free Energy,
Thermodynamic model for film-coating tablets, 657 adsorption, 349
Asymmetric membrane coated tablets and osmotic pressures, 720 conformer, 491-493
Drug Release rate from compressed tablets, 722 diagram, 824
Influence of drug solubility and dissolution on drug release difference, 478-480
profile, 724 dosage formulations, 677
Lyophilization drying time, 808 Gibbs free energy (see Chemical potential)
Excipient, reaction/compound/solvation, 457, 467-475

crystallization, 216-218 surface, 804
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Freeze-drying (see Drying) freeze-drying, 807-814
Friction, kilo lab & pilot plant, 424
biologics, 33, 43 membrane systems, 300
dry granulation, 733-736, 740, 743-744, 753 mixing modeling, 270, 287
filtration, 317 mixing scale-up, 257-260, 266
large scale chromatographic separations, 361 process safety and reaction hazard assessment, 162-166, 172
milling, 375 OpenChem, 151, 155, 158-159
mixing scale-up, 254 process scale-up, 381, 393-394
solid oral drug processes, 653 reaction kinetics and characterization, 90, 95, 110
solid solutions, 823-825 scale-up dos and don’ts, 408-415
wet granulation, 766, 771 solid oral drug products, 652-656
Froude number, 649-650, 775 Heat transfer coefficient,
continuous reactor systems, 446—452
Gibbs free energy (see Chemical potential) crystallization, 237-240
Granulation, definition of, 129
dry, 638, 683-686, 727-753, 841-845 drying, 340-344
wet, 636-637, 640-652, 757-777, 838-839, 845-847 exothermicity, 158-159
Grinding (see crushing and grinding) freeze-drying, 808, 811-814
Growth, mixing scale up, 257
biologics, 30, 32-34, 37, 42, 48-49 overall, 129, 134, 162-165, 237-240, 446,
crystal, 76-77, 226-245, 491-492, 807 451-452, 808
granule, 761-776 reaction scale-up, 162-166
industry, 4-5, 31 solid oral drug products, 656
inertial, 768 Heterogeneous (see also Multiphase),
non-inertial, 768 API process R&D, 76
azeotrope, 186-190
Heat capacity, catalysis, 86-92, 101-102, 107-108, 141
calorimetry, 80 erosion, 707,716
crystallization, 241 reaction kinetics, 81
lab scale synthesis, 160 reactions,
lab scale decomposition, 169, 174 nucleation, 758, 804, 806
milling, 368 Homogeneous,
polymorphic systems, 477, 479-480 azeotrope, 186, 189, 208
scale-up, 162 inhomogeneous, 827-828
solubility assessment, 221 nucleation, 804, 814
Heat exchangers (see also Heat transfer coefficients), reactions, 115-124, 130
pervaporation, 304 suspension, 291-293
scale-up, 381 Human growth hormone, 30
kilo lab & pilot plant manufacturing, 424 Humidity,
microreactors, 441 dosage forms, 668-671
continuous reactor systems, 449-453 dry granulation, 734, 738
Heat of formation, 158 drying, 333, 340, 343
Heat of fusion, experimental design, 597
COSMO-RS, 461-462 freeze-drying, 803
polymorphic systems, 478, 486490 kilo-lab & pilot plant, 422-423
Heat of reaction, process safety and reaction hazard assessment, 158
crystallization, 241, 245-246 quality by design, 554-558
drug solubility and reaction thermodynamics, 457, 468-472 solid dosage formulations, 673, 679-680, 691, 695-697
homogeneous reactions, 116 solid oral drug products, 637, 654—659
reaction hazard assessment, 158-159 Hydrogenation,
reaction kinetics, 80 API reaction systems, 117-121, 130
Heat transfer, catalytic, 101-110
API reaction systems, 113-116, 119, 123-124, 128-129 kilo lab & pilot plant, 422, 424
biologics, 38 LC and GC, 569
case studies of continuous reactor systems, 437-454 process safety and reaction hazard assessment, 158-160
crystallization, 237-241, 245-246 process scale-up, 384, 391
distillation, 185, 191-194 reaction kinetics, 81-82, 86-94

drying, 333-344 scale-up dos and don’ts, 412



Inhibition, 232, 502

Kelvin, 221, 349, 493, 808
Kelvin-Helmbholtz instability, 793
Kilo lab & pilot plant,

development, 16

manufacturing, 417436

scale-up, 408-409, 449
Kinetic energy,

mixing scale-up, 261-262

solid dosage forms, 668

turbulent, 262, 272-273, 277, 286, 294-295

wet granulation, 767-768
Kinetics,

API reaction systems, 113-134

crystallization, 213-237

drying, 806, 808

growth, 228-237

hydrogenation, 102-110

process safety and reaction hazard assessment, 158, 170-171,

177-179

reaction, 29-98

release, 705, 708, 712-715
Knudsen,

flow, 814

number, 814

Laminar flow,

biologics, 44

continuous reactor systems, 435, 440-441, 452

mixing scale-up, 253-257

solid solutions, 825

spray atomization, 793-795
Langmuir-Hinshelwood, 87, 513, 717
Laplace’s law, 666
Latent heat of vaporization, 656-657, 782
Leaching, 270, 303, 384
Liquid-liquid extraction (see Extraction)
Liquid-solid separation (see Crystallization)

Mass balance,
analytical chemistry, 563-565, 568-570, 576-578
biologics, 49
catalytic hydrogenation, 102
controlled release, 714
crystallization, 222
dosage forms, 671
drying, 336
large-scale chromatography, 349, 357
membrane systems, 308, 312
process scale-up, 388-391
gNMR, 592
reaction kinetics, 94, 98
scale-up dos and don’ts, 409, 411
Mass transfer coefficient,
API reaction systems, 129, 134
biologics, 32, 36-37, 48
catalytic hydogenation, 102-106, 109
desorption, 814
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gas-liquid-solid flow, 282
membrane systems, 302
Material balance,
distillation, 188-194
drying, 807
simulation, 522-523
solid oral drug products, 655-659
Mechanical separation (see Centrifugation, Cyclone separation,
Filtration)
Mechanical size reduction (see Crushing and grinding)
Membrane systems, 299-313
Melting point,
crystallization, 215-216, 221
drug solubility, 461-462
DSC calibration, 170
milling, 368
molecular thermodynamics, 506, 515
polymorphic systems, 477-483, 487
solid dosage formulations, 675-678
Milling,
design of, 365-377
dry granulation, 728, 732-752
kilo-lab & pilot plant, 421-422, 426
process scale-up, 402403
secondary production, 838-841, 844-845
solid dosage formulations, 677-678, 683-684, 695
solid oral drug products, 636-638
wet granulation, 769, 776
Mixing (see also Agitation, Mixer, Reynolds number),
API reaction systems, 114-130
batch and continuous processing, 75-77
biologics, 29-35, 43
case studies, 438450
crystallization, 216, 228-232, 239-246
distillation, 184, 194, 198-200
dry granulation, 727-728, 735-738, 751
drying, 341
filtration, 324, 326, 331
hot melt extrusion, 822-830
macromixing, 116-117, 130, 258, 289
micromixing, 121-124, 130
mesomixing, 121, 124
modeling, 269-295
OpenChem, 151
process scale-up, 391400
gNMR, 586-587
reaction kinetics, 80, 90-96
scale-up, 249-267
scale-up dos and don’ts, 407415
secondary production, 837, 841, 846
solid dosage formulations, 677, 682—-683, 687, 695-697
spray atomization, 781-782
wet granulation, 758-759, 764, 774-775
Mixers (see also Mixing),
continous, 851
high-shear, 648
mico, 441-442
static, 75, 93, 258-259, 265, 440-442, 449-452
Momentum balance, 272
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Multivariate,
analysis, 621-631, 853-876
biologics, 48-53
dry granulation, 744
hot melt extrusion, 832-835
OpenChem, 148
quality by design, 69, 548-551, 555-559
solid oral drug products, 635-644
Multiphase (see also Heterogeneous),
modeling, 262-294
processes, 117-128

Newtonian Fluids, 240, 257
Non-Newtonian Fluids, 257, 260, 783, 793
Nusselt number, 258

Ohnesorge number, 784, 794-796
Osmotic pressure,
controlled release, 708-711, 717-722
dosage froms, 665, 650

Packed beds,
biologic chromatography, 40-43
large-scale chromatographic separations, 348, 350, 356
Packing,
column, 32, 43, 198, 573
crystal, 492
molecular, 676
powder, 759
PAT (Process analytical technology),
case studies, 449
dosage form, 695-698
hot melt extrusion, 819, 822, 831-835
kilo lab & pilot plant, 418, 424
manufacturing, 856
quality by design, 67, 545-546
scale-up, 357, 398-403
secondary production, 837, 842-843, 848-849
Permeability,
controlled release, 705, 710, 717-719
dosage forms, 665, 670
filtration, 316
large-scale chromatography, 359
membrane systems, 301-302, 309-310
process scale-up, 385-388
solid dosage formulations, 675-679, 685
Pervaporation, 299-309
PFR (Plug flow reactor), 439-454
Phase diagrams, 185-199, 208-212
Pilot Plant (see Kilo lab & pilot plant)
Polymorphism,
definition of, 215
polymorphic systems, 477-489
screening, 491-502
solid dosage formulations, 675-676
Potential energy, 369, 492
Power number,
crystallization, 242,

mixing scale-up, 252-254
reactor modeling, 279-280, 284-285, 649-651
Prandt]l number,
dispersion, 280-281
turbulent, 272-273
Pressure drop,
biologics, 33, 41-47
catalytic hydrogenation, 105-106
crystallization, 219
filtration, 316-319
large-chromatography, 348, 357-359
membrane systems, 304
reaction kinetics, 93
wet granulation, 764
Process Safety, 79, 82, 109, 114, 127, 135, 155-182,
374, 378, 380, 383, 416, 419, 422-423, 430432,
436, 438, 447
Proteins (see also Cell culture, Enzymes),
biologics, 29-40, 47
freeze-drying, 801-802

Quality by design (QbD), 68-69, 545-561, 854, 872-576
gNMR, 586, 590-593

Radiation, 3, 593, 812-814, 817
Raoult’s law, 184-185
Rate constant
chemical, 393
reaction, 82, 91, 139, 152, 264, 575
crystal growth, 228-230
dissociation, 125, 716
first-order, 445, 594
dissolution, 723
Real-time release, 68, 850
Recycle, 59, 76, 97, 307, 310, 311, 313, 356, 358, 360, 361,
362, 372, 375, 403, 734
Residence time
Distribution, 41, 258, 267, 287, 293, 371, 442-443, 454,
825-826, 830,836, 841, 851
Solids (milling), 369, 371, 746, 750-751
Reactor, 41, 95-96, 123, 128, 151-152, 171
Particle, 238
Reversible, 30, 215, 513
Irreversible, 30-31, 103, 215, 361, 513, 724, 802
Reynolds number,
discussion of, 91, 253-257, 294-295
fluid, 91, 393, 452, 637, 793-795
impeller, 253, 256-257, 267, 295
pseudo, 650-651
particle, 294-295
bubble, 295
Rotameter, 788-789
Rotor-Stator, 267, 369, 372-374, 378, 403, 405, 454
Scale-down, 16, 83, 167, 181, 199, 200, 213, 251, 257, 270,
287, 400, 402, 403, 408, 417, 693, 820
Scale-Sensitivity, 79, 80, 82, 90, 404
Schmidt number, 91
Sensible heat, 123, 300, 307, 355-356



Separation (see Crystallization, Chromatography,
Centrifugation, Cyclone separation, Filtration)
Shape factors,
crystallization, 228-229, 236
mixing scale-up, 251
Shear Rate, 242, 255, 257, 267, 270, 293, 344, 373, 403, 777,
784-785
Average, 251, 255-256
Maximum, 251, 254-256
Infinite, 796-797, 793
Shear Stress, 257,261-262,267,272,295,683,740,753,755,771,
775-776, 821, 823, 825, 830

Sherwood number, 91
Solubility,
Aqueous, 476, 487, 488, 675, 675-676, 710, 819, 829, 835
Drug, 457,458,460,462,464,466,470,472,474,476-477,484,
487-488, 499, 508-509, 707, 712, 715-7117, 720, 722,
724-725, 835
Solvent, 227, 508, 517
Solvent extraction (see Liquid-liquid extraction)
Solvent Recycle, 97, 356, 362
Static mixer (see Mixers)
Steady State, 141, 294, 333, 341, 449, 505, 512, 713, 739, 772,
775-777, 808-810, 814, 870
Quasi-steady state: 809
Unsteady, non steady, 74, 294, 803, 809-810, 812, 814
Pseudo steady state state, 775-776, 808
NMR studies (NOE), 585
Sterilization,
bioprocesses, 34, 38, 45, 48
freeze-drying, 802
solid dosage, 848

INDEX

Stokes’ number,

viscous, 768

deformation, 766, 770-771, 773
Supersaturation (see Crystallization)

Tabletting, 216, 727, 734, 746, 757, 778
Thermal conductivity, 162
Tip speed,
agitator, 50
crystallization, 241-242, 244
drying, 344
impeller, 32
milling, 373-375
mixing scale-up, 249, 251, 254-256, 259, 261-262
process scale-up, 393, 415
wet granulation, 771, 774-775
Turbulent flow, 31, 36, 44, 253-254, 257, 272, 274, 295, 841

Unsteady-state, 74, 294, 812

van’t Hoff, 221-222, 227, 234-235

Vapor-Liquid equilibrium (VLE) (see Equilibrium)
Viscoelastic, 678, 746, 827

Void fraction, 814

Washing (see Filtration and Leaching)
Weber number, 784, 793-796
Wet granulation (see Granulation)

Zero-order,
controlled release, 705-709, 718-719, 722
definition of, 170, 177-179
reaction kinetics characterization, 81, 85
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