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a
acceptance tests and qualifications

539–540
accumulation term 320, 321, 331, 398
acidic cleaning in place 139
activated carbon 11, 49–54, 588
ad-column dilution (ACD) injection

240
adsorption 11

equilibrium 29, 319, 323, 341, 357,
378, 384

isotherms determination 365
moistening 222
morphology 26, 133
storage 145–146, 585
volume 29, 410, 428

adsorption–desorption method
370–371, 373

adsorptive membrane 111, 114, 116
advanced control 503–505, 507–521
advanced process control 504–521
advection 111
advective material 111, 117
affinity 12
affinity membrane 115
alkaline cleaning in place 140
aluminum oxide 55, 69–70, 187
amylose-derivatives 122, 224, 226
analysis of disperse fronts 378–379
analytical separation 9, 126, 160, 168,

208, 243
antibody based affinity sorbents 108,

109
antibody-capture chromatography 91
anti-Langmuir behavior 375

apparent dispersion coefficient 330,
332, 454

aptamers 110, 111
artificial polymers 105, 111
assessment of columns 137
asynchronous shifting 267, 396, 566
asynchronous switching 402
automatic feedback control 503
average particle diameter 133, 134,

137
average pore diameter 50, 61, 135, 487
axial

compression 29, 50, 205, 542, 577
diffusion 20
dispersion 25, 320, 329, 546

coefficient 330, 363, 416

b
back-pressure 239, 561, 593
bacterial challenge 550
bacterial contamination 549
ball valves 562
band broadening 18, 19, 25, 271, 315,

317, 343, 438, 546
baseline resolution 59
batch chromatography 240, 255, 259,

263, 276–280, 391–394,
426–437, 505, 506

bed compression 29, 542, 543
β-Phenethyl acetate 606–607
biochromatography flow distribution

547
biochromatography materials 553
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biomolecules 3, 6, 286, 482, 598
biopolymers 2, 3, 77, 182, 487–488,

541
black box model 505, 509
boundary conditions 330, 334–336,

338, 345, 348, 396, 415, 416, 433,
526

breakthrough curve 233, 282, 327,
360, 371–377, 489

brush-type phase 207, 226
buffer

preparation 531
solutions 538
storage 529
system 176–177

bulk density 49, 132, 133
bulk structure 49, 50, 132

c
capacity factor 16–17, 21, 32, 314
CaptureSMB 282–283, 488–489
capture step 92, 116, 117, 164, 231
cartridge 542, 597
cascade mode 315, 339, 503
cascade of stirred tanks 312, 315
cation exchanger 54, 78, 130, 176, 598
cavitation 561, 562
cellulose 54, 114, 122–127, 224–226,

237, 527
central moments 18, 339–341
chemical cleavage 101
chemical resistance of columns 544
chemical stability 55, 60, 76, 132, 224,

527
chemisorption 12
chiral separation, temperature 227
chiral stationary phase (CSP) 121–132

antibiotic 128
selectors 130
cyclofructan based 128
design 225
immobilized 126
Pirkle-type phases 130
preparative 223
selectors 130
SFC mode 128
solvent-resistant 125

synthetic polymers 128–129
targeted selector design 130

chromatographic system 159, 178
choice of the mobile phase 167
definition of task 164–167
mobile phase determination 168

chromatography
column, purpose 541
cost 527
development of 1
elution 178
membrane 114
systems 528, 552, 553, 556

cleanability 160
cleanability column 550
cleaning in place (CIP) 138, 140, 553,

594
cleaning solutions 529, 535, 538
cleanliness 529
clinical batch 597
clog of frits 182
closed boundary 335, 336
closed loop recycling chromatography

design 444
scale up 440–444

column
commercial 540–541
dead time 14
design 541–542
dimensions 543
disposable 597
efficiency 18
equilibration 582–583
high-performance 24
large-scale 596
micro-scale 596
monolithic 118
overloading 44–45
packing 572
performance 134
permeability 24
preparation 574–575
preparative 541
pressure drop 134
stability 592
storage 145, 585
testing 583–584
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competitive isotherm 34–37, 40, 314,
327–329, 346, 381

competitive Langmuir isotherm 327,
476

compressive front 373
concentration profile, SMB 445–446
conceptual design 528, 529
conceptual process design 525–533
construction material 553

for biopharmaceuticals 543
for columns 543

contamination 140, 172, 528,
535–538, 540, 549

continuous dynamic model 316
controlled pore glasses (CPG) 72
control of the product purities 509
convection 25, 111, 318, 320, 347, 397,

414
corrosion 168, 528, 543, 547, 555
Coulomb interaction 80
Craig model 313–315, 339
cross-contamination 535–538,

592–594
crosslinking 125
crystallization 164, 260, 474, 519, 520
CST model 390
curve fitting method 384
customized adsorbents 102–105
cut strategy 287, 426–427
cutted fibers 117
cycle time analysis 531
cycle to cycle control 517–519

d
Darcy’s law 24, 364, 434, 588
dead

legs 535–539
space 29, 550
time 14, 32, 184, 337, 343, 345, 363,

381, 389, 563
volume 267, 389, 396, 555, 562, 563,

572, 584
zone 537

degassing 561
degrees of freedom 261, 271, 280, 356,

413–418, 505, 510–512
depth filter 54, 117, 568

derivatization of racemates 228
design

batch 433
CaptureSMB 488
closed loop recycling chromatography

444
MCSGP 482–487
MR-SSR chromatography 437
SMB 452, 455–456, 461
steady-state recycling

chromatography 437–440
designed adsorbents 91–102
design parameters 355–356, 413–418,

425, 460–465
detection system 172, 233, 401, 569
detector

calibration 345, 359, 360, 376,
379–381, 384, 569

moment 389
diaphragm pumps 556, 568
diatomaceous earth 59–60, 117, 588
diffusion 19, 20, 25–28, 61, 72, 74, 81,

87, 111, 316, 319, 320, 333–335,
363

dimensionless
flow rate ratio 416
Henry coefficient 414
model equations 336–338
parameters 337, 414

discrete event simulation 529
discrete stage model 312
discretization 346–350, 357
disperse parts of peaks 326
disperse wave 39
dispersion 316, 318, 551

coefficient 330, 332, 343
displacement 166, 186, 373, 391

effect 33, 40, 130, 240, 325, 374
disposables 528, 593–596
DNA viral clearance 598
drainability 536, 540
draining equipment 540
dynamic axial compression (DAC) 50,

205, 542, 577
dynamic capacity 160
dynamic neural network models 510
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dynamic process model 383, 437, 503,
504, 512

e
eddy diffusion 19, 28, 363, 420
efficiency 21

chromatographic separations
17–20

high-efficiency columns 50
electrochromatography 506
eluent consumption 214, 237, 252,

253, 292, 411, 427–436, 446, 449,
460, 465, 467

eluotropic series 188, 189, 203–206
elution

by characteristic point (ECP) 378
order 130, 143, 166, 208, 226, 240
profile 38, 40, 43, 252, 338, 346,

347, 358, 388, 439–441, 563,
591–592

strength of organic modifier 210
EMD53986 374, 399, 402, 403, 421,

422, 425, 450, 452, 454, 463,
601–602

enantioselectivity 224–227
enantioseparation 129, 223, 228, 268,

400, 440, 455, 467
endcapping 62–63, 207, 222
endotoxin 114, 231, 598
equilibrium

dispersion model 329–331, 339,
340, 454, 455, 469

function 38, 40, 312, 313, 327
stage model 17, 312–316, 482
theory of chromatography 40, 324,

325, 378
equipment maintenance 540
estimation

flowrates of MCSGP 483
operating parameters of CaptureSMB

489
external void fraction 24, 319

extra-column
dead time 14
effects 29, 63, 343
equipment 343, 345–346

f
feedback control 503, 513, 518, 519
feed-forward controller 504
feed injection 139, 258, 262, 559
fiber/particle composites 117
Fick’s diffusion 26, 334
Fick’s law 321
film diffusion 25, 26, 87, 594
film transfer coefficient 321, 387
filter 54, 117, 525, 562, 568, 569, 587,

594
fines 567, 573, 588–590
finite adsorption rate 331
first initial moment 338
first moment 314, 358, 388
flanges/clamps 540
flow distribution for LPLC columns

546
flow packing 575–577
flow through chromatography 231,

254, 279, 599
flow-through polishing 116
fluid distribution 27–28, 464, 546
fluid phase 10, 17, 20, 25, 30, 34, 35,

262, 274, 275, 313, 447, 464
flush sequences 540
friction number 23, 444
frit design 546–549
frits 182, 546, 589–590
frontal analysis 371–378, 381
frontal analysis by characteristic points

(FACP) 378
fructose 289–291, 375, 393, 402, 422,

423, 511, 604–606
functional groups 50, 54, 60, 184, 188,

208, 210, 225, 487

g
Gantt charts 531
Gaussian distribution 18, 314, 315,

331, 339, 340
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general rate model 333–335, 341, 455,
511

generic gradient 160, 161, 184
Gibbs’ adsorption isotherm 35
Gibbs’ energy of the adsorbed phase

34
glucose 604

isomerization 511, 515
gradient

formation 556–558
mode HPLC 559
operation 6, 208, 217, 274, 477, 478
separation 184, 212, 219, 279
SMB 6, 274–275, 476–487

h
hardware cost 527
head membrane (PTFE) pump 561
height of an equivalent theoretical plate

(HETP) 5, 17, 416, 417, 418
curve 584
plot 388

Henry coefficient 32, 39, 323, 338,
346, 365–370, 379, 452, 517, 519

high-performance liquid
chromatography (HPLC) 1, 11,
541, 558

pumps 559
system 552

high-pressure
columns 543–551
injection 559

high-pressure stable polymers 78
high-quality frit 27
high-throughput screening 102, 110,

233
hodograph plane 328
holdup time 14
hot spots of polarity 186
hydrogen-bonding solvents 187
hydrophilicity 50, 57, 67

hydrophilic packing 76
hydrophilic polymers 78, 79

hydrophobicity 50, 58, 65, 207
polymer stationary phases 77–78

hydroxyapatite 88–91

hydroxyl groups 57, 60–62, 67, 187,
188, 210

hypothetical interstitial velocity 14

i
ideal adsorbed solution (IAS) theory

34–37, 391, 477
ideal adsorbent 27
ideal analytical chromatogram 38
ideal continuously stirred tank 345
ideal model 323–325, 346, 380,

447–452, 454, 455
IgG binding 106
IgM bindimg 106
immobilized metal affinity

chromatography (IMAC)
96–101

incorporated metals 132, 143
initial conditions 46, 330, 336, 461
initial moment 18, 338, 340, 341
injection

loop 559
system 343, 345
volume 181, 236, 371, 413, 438, 440,

444
injector moment 390
inorganic adsorbents 49, 50, 134
inorganic oxides 54
interaction forces 50
internal porosity 13, 29, 319
internal radial distribution 320
International Guidelines for

Harmonization (ICH) 172
interparticle pores 135
interstitial

pores 135
velocity 14, 15, 325, 330, 398, 417,

427, 443, 447
volume 13, 15

intraparticle diffusion 81, 321, 387
intraparticle mass balance 322
intraparticle pores 135
inverse method 358, 384, 386
ion exchange 37, 74, 79–81, 231, 261,

264, 275, 278, 279, 331, 422, 528
ion exchangers

mixed mode interaction 88
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ion exchangers (contd.)
pore-size 81
resins optimization 81
strong 79
synthetic 74
tentacle 87
tentacles 81
weak 79

ionization of solutes 222
irregular particles 133
isocratic elution 45, 241, 274, 559
isotherm

adsorption 16, 17, 29
bi-Langmuir 33, 34
competitive 40
Langmuir 31, 32, 415
multicomponent bi-Langmuir 34
multicomponent Langmuir 33, 34
single-component 31–33
Toth 33

isothermal effects 239
isotherm equation, fitting quality 385
iterative online optimization 505, 506

k
kieselguhr 59

l
Langmuir isotherm 373, 375, 378
large molecules chromatography 120
large-scale columns 73, 81, 122, 596
large-scale manufacturing 526
LGE model 235
life-cycle documents 534
linear chromatography 346, 380, 389,

414, 420
linear driving force 321, 322, 332, 342
lipophilicity 50
lipophilic, organic packing 76
lipophobicity 50
liquid chromatography (LC) 1, 10, 11,

73, 74, 167–177
loadability 25, 33, 59, 122, 126, 134,

180–183, 237
loading factor 44, 415, 427–432, 434,

435

longitudinal diffusion 20
loss of

efficiency 590–591
performance 587–593
purity 592
yield 592

low-cross-linked polymer 78
low molecular weight ligands 3, 77,

105, 231, 541
low-pressure

bioseparations 543
injection 559
liquid chromatography 552–558,

541
lumped rate model 331–332, 342

m
mAb downstream process 231
macropores 75, 134, 137, 321
macroporous copolymers 75
macroscopic balances 312
macroscopic fluid distribution 28
mangesium oxide 71
manufacturing platform 116, 526
mass accumulation 318
mass balance 312, 316–320, 322–325,

331, 333, 337, 338, 346, 347, 360,
370–372, 483, 525

mass transfer 17, 25, 316, 318, 321
coefficient effective 386
resistance 20, 330

mass transport 279, 318–320, 333,
336, 337

membrane adsorber 114, 118, 595,
598

membrane chromatography 597–599
mesopores 134, 137, 321
mesoscopic fluid distribution 28
metal contamination 101
metal ion affinity 594
microbiological growth 212
micropore diffusion 321, 334
micropores 50, 75, 137
microscopic balances 312
microscopic fluid distribution 27
minor disturbance method 380, 382
mixed oxides 71
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mixing 343
mobile phase 10

choice 167, 178–180
optimization 217–221

mobile phase cost 527–528
model-based optimization 414, 421,

427, 484, 510
model parameters 6, 338, 342,

355–357, 362, 386, 391–404, 414,
490, 601, 602, 605

model, transport dispersive 421, 478
ModiCon 6, 273, 470–475
modified Stanton number 414
molecular diffusion 321, 363, 417
moment analysis 388, 389
monodisperse particles 15, 71
monolithic

column 16, 118–120
packing 27
stationary phases 132

MPC controller 510, 512
multicolumn

capture processes 490
SMB processes 391
solvent gradient purification process

(MCSGP) 482
design 482, 484
process 510, 519

multilayer adsorption 382
multipurpose plants 526, 594
multivariable control 509

n
nanofiber nonwovens 115
natural polymers 73, 78, 108–111
negative chromatography 231, 254
nondominating sorting genetic

algorithm 455, 472
nonidealities fluid distribution 27
nonlinear

online optimization 511
optimization 384, 385, 505
system 311, 326
thermodynamic interactions 43

non-porous beads 117
nonretained component 16, 314
nonwoven 117

adsorptives 115
normal phase chromatography 57,

180, 192, 202, 208, 562
normal phase system 15, 184–206
number of plates 18, 63, 137, 239, 256,

437, 440, 441, 443, 552, 559
number of stages 336, 342, 416–425,

427–432, 463
numerical solutions 346

o
objective function 361, 409–413, 431,

432, 436, 460, 464, 471, 472, 528
one-dimensional mass balances 317
online control 508
online optimization 6, 505–507, 511
online-optimizing controller 512–515
operating

conditions 19, 88, 172–176, 233,
252, 365, 403, 465–476

parameters 356, 414, 423, 424, 434,
436, 451–461, 508

temperature 356
optimal cyclic steady state 513
optimal operation 503, 515, 518
optimization

batch process 433
design parameters 460–465
operating parameters 457–460
Varicol 468

optimizing control 510–515
organic modifier 210, 212, 213, 254,

528
organic polymers

cross-linked 73–74
porous structure 74
structure of packings 74

overall retention time 16, 286, 389
overall solid phase accumulation 322
overloading 5, 44–46, 280, 384

p
packing

buffer 572
characterization 363
density 133
material 572
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packing (contd.)
procedures 28

low-pressure 64
properties 132–133
quality 21, 332, 363
technology 572

pancake column 223, 543
parameter

design 413
determination 357–359
dimensionless 414
estimation 359–363, 505, 516
gradient SMB, estimation 477
model 414
operating 414

Pareto curve 472, 474, 475
Parex process 268, 470, 563, 564
particle bridges 28
particles’ degradation 567
particle size distribution 24, 72,

133–135, 239, 573
peak

asymmetrical 18
deformation 39, 365, 379
distortion 182, 344, 562, 563
expansion 391
fitting 358, 384
fronting 40
maxima method 315, 380, 381
resolution 18, 20–23
tailing 19, 62, 67, 111, 222, 240
width 21

Péclet number 337, 364, 414, 417, 440
performance criteria 410–412, 418,

419, 421, 440, 465, 515
performance optimization 507
peripheral equipment 343, 396, 404,

535
peristaltic pumps 556
perturbation method 380–383
perturbation peak 380
phase equilibrium

adsorption–desorption 370–371
batch method 370
circulation method 371
static methods 370

pH measurement 539, 540
physisorption 12
PI control 504, 509, 510, 517, 519
PID controller 484, 487, 503, 504, 510
pipe

diameters 562
flow model 344
model 345, 396
moment 390

piston pumps 561
plant

dead time 372, 389
dispersion 343
moment 389
parameters 389–391
retention time 389

plastics and rubber components 553
plate height 18–20, 118, 137, 235, 584,

585
plate number 17, 18, 21, 23, 38, 64,

339, 461, 463, 464
plug flow, ideal 345, 390, 548
plug flow model, dispersed 345
polar

solvent 203
surface 185

polarity 63, 65, 174, 178, 185–188,
192, 203, 208

polishing step 50, 78, 101, 231, 279,
297, 487, 595

polymerization technology 76
polymer, swelling 49, 119
pore

connectivity 137
diffusion 26, 316
size 160
size distribution 27, 137
structure 137
texture 134–136
volume 15

porogens 49
porosity 363

external (interstitial) 13, 14
porosity of the solid phase 13
porous glass 72
positional isomers separation 228
positive-displacement pumps 556
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PowerFeed 470
precipitation 182
prediction 510
prediction horizon 513
prepacked column 596
preparative, gradient conditions 204
preparative separation 160
pressure drop 23, 364, 434, 546
pressure increase 587
PRISMA model 192, 243
process

analysis technology (PAT) 3
concept 6, 164, 251–301, 533
development 161
economics 357
productivity 159
scheduling 531
simulation tools 350

production of pure enantiomers 519
production-scale process 161, 178
productivity 410

volume-specific 428
product purities 508
product recovery 160
protein A

affinity chromatography 92
affinity resin 231
affinity sorbents 91–96
membrane adsorber 116
resins CIP 140

protein G 96–98
protein L 96
pulsations of head pump 589
pump-based gradient 557
pump-based mixing 557
pumps 286, 288, 384, 395, 434, 552,

556, 559–562, 566, 568
purity 411

constraint 513
control 509

q
quality by design (QbD) rules 3

r
racemate solubility 226

racemic mixture 165, 293, 392, 427,
519

racemization 227, 291, 511, 519
radial compression 542
radial mass transport 333
rates of adsorption and desorption 18,

25, 322–323
rating of columns 137–138
reaction dispersion model 333
reaction model 333
reactions with finite rates 322
reactive simulated moving bed 511
real interstitial velocity 15, 325
rectangular pulse injection 314
recycling

chromatography 256–258, 437
pump 563, 566
strategy 565–566

Reichardt’s dye 50
removable tubing 540
repetitive model predictive control

509
resolution 59, 227, 237

optimization 21
retention 186

coefficient 44, 63, 137
factor 17, 188, 239
of RP systems 208
time 16–18, 32, 38–40, 175, 208,

210, 222, 315, 378, 380, 381
volume 16

reversed elution order 207
reversed phase chromatography 180,

185, 202, 206, 212
elution order 208
gradient 184
optimization 214
separation optimization 217
system 222

reversed polarity chromatography 206
RI detection 172, 174
risk assessment 534, 535
robustness of advanced control 515
rotary valve 563, 564, 566
RP-8 phase 210, 221
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RP-18 phase 210
rupture disc 536

s
safety 172
safety valve 536
sampling valve 540
sanitary design 535, 549
sanitization 593
sanitization in place (SIP) 145
scalability 160
scale up 418

analytical to preparative system 160
closed loop recycling chromatography

440–444
Scott–Kucera model 187
SEC chromatography 236
second central moment 338
second moment 18, 315
SEC-SMB chromatography 237
selection

of adsorbent 159
of mobile phase 159

selectivity 17, 160, 192, 237
range 224

self-cleaving tag 102
separation costs 161, 411
separation method 202, 205, 213, 274
separation of stereoisomers 67
SFC mode 67
shape selectivity 65
shock front 39, 326
shock wave 327
shrinking–swelling phenomena 542
silica 187

C8-modified 62
conditioning of silica surfaces

143–145
doped reversed phase 63
endcapped phases 65
endcapping 62–63
gel 185
hydrogel 56
improved pH stability 68
irregular shaped 55
particles 50
porosity 134

reversed phase 60
silanes 61
silanisation 60–61
silanol groups 56
silica sol 56
siloxanes 56
spherical particles 56
surface activity 56
surface modification 60
surface-modified 63
test procedure for RP phases 63
water content 144

simulated moving bed (SMB) 1, 2,
237, 264–268, 325, 336, 394–404

advanced control 507–508
closed loop gradient 480
design 452, 455–462
estimation operating parameters

456
model validation 400
node model 396
open loop gradient 480
optimization 455–462
peripheral equipment 396
port switching 402
processe 325
production 227
purity control 508
simulation 394
transport dispersion model validation

401
variable conditions 466

simulation software 350
single column batch elution 391
single-product manufacturing 593
single-use

bag 593
connectors 536
equipment 596
filter 594
flow path 594
liner 567
material 535
material cost 528
membrane 598
membrane capsule 594

size distribution 133
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size-exclusion chromatography 74, 78,
236

skeleton density 132
slurry

concentration 573
preparation 572–574
preparation tanks 567–568
pumps 568
solvents 574
volume 574

small molecular ligands 106
SMB + crystallization 520
SMB plant, dead volume 399
SMB process 563

simulation validation 400–404
SMB + racemization 520
SMBR process 514
Snyder model 187, 197
sol gel process 54
solid phase 10

loading 30
volume 15

solubility 178, 181, 183, 237
solute–solvent interaction 188
solvent

classification triangle 192
gradient elution 45
immiscibilities 172
polarity 208
for preparative use 168
recycling 174
strength 184, 188, 190, 192
viscosity 174

specifications 539
stability 168
stage model 315
stage number 315
stainless steel 553

columns 543
Stall + DAC packing 578
stall packing 577
standard control 503
Stanton number 337
state and parameter estimation 516
static binding capacity 233
stationary phase 10

cost 527

gradient 241
silica-based 63

steam sanitization 536
step gradient 559

SMB 476
stepwise gradient 45
steric hindrance 26
steric mass action (SMA) isotherm 38
sterile connectors 594
stirred tank model 344
stochastic theory 312
storage of

columns 528
equipment 528

supercritical fluid chromatography
10, 275–276, 543

superficial velocity 24
surface diffusion 26, 316, 321, 334
swelling 49, 77, 78, 137, 542

t
tag-along effect 40, 43, 166, 240, 325
tag-based affinity sorbents 101–102
tailing 19, 26, 62, 67, 68, 111, 222, 228,

240, 274, 559, 593
technical failures 585, 586, 591
thin-layer chromatography 11,

190–201
throughput 111, 167, 275, 426, 446,

475, 504, 526, 598
titanium dioxide 70
TMB models 6, 397, 400, 445–455
tortuosity 321, 363, 387
total porosity 13–15, 32, 324, 363, 372
total separation costs 253, 411, 412,

432, 434, 436
touching band 21, 45, 213, 214, 241,

252, 426, 436
toxicity 101, 126, 168, 172, 242, 275,

553
tracer 13–15, 17, 325, 363, 389, 399,

422, 548, 549, 563, 584, 594
transport dispersion model 40, 332,

333, 356, 357, 386, 397, 400, 401,
416, 418, 421, 423, 432, 437, 440,
455, 456, 478, 490
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transport model 332, 418, 454
triangle diagram 448, 450, 451, 459
triangle theory 272, 289, 436,

447–452, 455, 467, 517
Tröger’s base 602
troubleshooting 6, 585–593, 596
true moving bed 6, 264, 265, 396, 398,

415, 509
tube

connections 563
diameter 562, 563
material 562

tubing dead legs 539
two-layer control architecture 509

u
ultrasonification 574
unified design method 436, 437
user requirement specification 534
UV detection 173, 205, 233, 373

v
vaccine purification 101, 236
valve-based gradients 557
valve-based mixing 557

Van Deemter equation 19, 435, 548
Varicol 466, 470

optimization 468
process 564

vibration packing 581–582
viral vectors 121
virus particles 121
void fraction 13, 15, 24, 135, 294, 319,

356, 363, 384, 443, 444
volume of the stationary phase 15
volume overload 44
volumetric flowrate 14, 389

w
wall effect 28, 590

y
yield 1, 20, 44, 135, 138, 159, 165, 227,

237, 244, 256, 260, 410, 413, 427,
436

z
zeolites 49, 54, 55
zeroth moments 338
zirconium dioxide 71–72


