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Index 

A 
Absorption (absorber), 8, 11,200
 

equipment, 225
 
graphical design method, 231
 
Kremser method, 201, 235
 
minimum absorbent flow rate, 232
 
reboiled, 8, 11, 15
 
rigorous design methods. 366, 420
 
stage (plate, tray) efficiency, 237
 

Absorption factor, 201
 
Acentric factor, 51
 
Activity, 41
 
Activity coefficient, 40
 
Adiabatic flash, 162
 
Adiabatic-saturation temperature, 809,
 

811
 
Adsorbate loading, 670
 
Adsorbents, 619-624, 626-633
 

activated alumina, 621, 623
 
activated carbon, 621, 623
 
molecular-sieve carbon, 621, 623
 
molecular-sieve zeolites, 621, 623
 
polymeric, 621, 624
 
silica gel, 621, 623, 645
 

Adsorption (adsorber), 14,617
 
capacity, 651
 
Freundlich isotherm, 630-632
 
Henry's law (linear isotherm), 630
 
Langmuir isotherm, 631-633
 

membrane, 650-651
 
pressure-swing, 14,662-665,673
 
simulated moving-bed, 638, 650, 678
 
slurry, 662, 663, 667
 
thermal-swing, 14,661,663,669
 
transport, 638-644
 
true moving bed (TMB), 678
 

Air
 
purification, 850
 
particle sizes (in air), 850
 
particle capture devices (for air), 851
 

Amagat's law, 44
 
Analogies, 124
 

Chilton-Colburn, 124
 

Churchill-Zajic, 126
 
Friend-Metzner, 126
 
Prandtl, 124
 
Reynolds, 124
 

Aqueous two-phase extraction (ATPE), 
374-378
 

Arithmetic-man diameter, 737
 
Availability, 38
 
Axial dispersion (backmixing), 366
 
Azeotropes, 61, 63, 155
 
Azeotropic distillation, 9, 11, 448, 468,
 

472
 

B 
Baghouse, 855
 
Balances
 

Availability (exergy), 38
 
energy, 39
 
entropy, 39
 
material (mole or mass), 14
 

Batch distillation, 514
 
differential, 514
 
multicomponent,
 

rapid method, 453
 
rigorous method, 404
 
shortcut method, 520
 

Barrer unit, 548
 
BET equation, 621
 
Billet-Shultes correlations
 

flooding, 262
 
holdup, 262
 
mass transfer, 264
 
pressure drop, 264
 

Binodal curve, 338, 344,473 
Biocolloid interactions, 74-80
 

bond energies, 74
 
electrostatic double layers, 77
 
flocculation, 74
 
hydration forces, 77
 
solvation forces, 77
 
steric forces, 79
 
surface force measurements, 79
 
van der Waals forces, 76
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892 Index 

Biomolecule reactions, 80-82
 
affinity interactions, 82
 
bioaffinity, 81,376
 
bonding, 80-81
 

Bioproducts.21-23
 
biopolymers, 21-22, 368-369
 
cellular particulates, 21-22
 
extraction, 368-379
 
mechanical separations, 876-881
 

cell disruption, 877
 
coagulation, 878
 
extracellular products, 876
 
intracellular products, 877
 
precipitation, 877
 
sequencing of bioseparations, 30
 

proteins, 20-21,23,28,31,71,73,77,79,141,142,323, 
325,368,369,373-376,542,543,555,586-589,591, 
592,594-595,602,647,648,691-693,703,708,774, 
877,878 

sizes. 23
 
small molecules, 25
 
thermodynamic activity of, 24, 28
 

Bioseparations, 20-30
 
activity, 24
 
chromatography, 617-628
 
crystallization, 729-730, 738, 740-743,745-749,
 

752-756
 
electrophoresis, 688-694
 
example, 28
 
extraction, 368-379
 
features of, 23-26
 
membranes, 585-609
 
purity. 26
 
steps in, 26-28, 587
 
yield, 26
 

Blasius equation, 118
 
Boiling-point elevation. 767
 
Boilup, 11, 286
 
Bond energies, 74
 

covalent, 74
 
hydrogen, 74
 
hydrophilic, 78
 
hydrophobic. 78
 

Bow-tie region, 458
 
Brownian motion, 862
 
Bubble cap, 226-227
 
Bubble point, 160-161
 
Bubble-point (BP) method, 414
 
Buffers, 69-73
 

Phosphate buffered saline (PBS),
 
72
 

Bulk-flow in mass transfer, 91,92
 

C 
Calculus of variations. 534
 
Candle particle collectors, 855
 
Carman-Kozeny (Kozeny-Carman) equation, 21, 552, 553,
 

867
 
Carrier, 163, 323
 
Cascades, 195
 
Catalytic distillation, 448
 
Cell disruption, 880-881
 

by freezing, 881
 
by mechanical means, 880-881
 
by ultrasound, 880
 

Cell reactions, 572
 
Centrifugal contactor, 225
 
Centrifugation
 

gas, 15
 
Ultracentrifugation, 141
 

Centrifuges, 872-874
 
basket, 873
 
bowl, 873
 
disk stack, 873
 
Sigma factor, 873
 

Chan-Fair correlation, 249
 
Chaotropes, 78
 
Chemical potential. 40, 41. 139
 

vs. physical potential, 139
 
Chemsep program, 504
 
Chromatography. 14,587.617,626,627,637
 

affinity. 648
 
convection-dispersion model. 639
 
equilibrium wave pulse theory, 660
 
equipment, 662
 
hydrophobic interaction, 648
 
immobilized metal affinity, 80-81, 649
 
ion exchange, 28,647-648,650-651
 
kinetics, 638
 
loading, 639
 
plate height, 641
 
rate-based model, 642-646
 
resolving power, 642, 645
 
reversed-phase, 648
 
scale-up, 649
 
separation efficiency, 641, 649
 
size exclusion, 649
 
theory, 638-646
 

Chilton-Colburn analogy. 124
 
j-factors, 124,643
 

Clarifiers, 878
 
Cloud-point titration, 166
 
Coalescence and coagulation devices, 852
 

for bioproducts, 879
 
Co-ion, 573
 



Composition, measures of, 17
 
Compressibility factor, 50
 
Concentration polarization, 568, 573, 577, 585, 596
 
Condenser, 293
 
Continuity equation, 246
 
Convergence pressure, 47, 54
 
Corresponding states, theorem of, 50
 
Counterion, 573
 
Critical solution temperature, 336
 
Crystal(s), 731, 773
 

biological, 773
 
habits, 733, 734
 
predominant size, 753
 
size distribution, 734
 
space lattices, 734
 
systems, 733
 

Crystallization (crystallizer), 10, 11,729 
batch, 776
 

constant supersaturation, 780
 
dilution, 777
 

bioproducts, of, 773-782
 
cooling curve, 776
 
equipment, 748, 759
 
growth, crystal, 745, 775
 

law of McCabe, 753
 
melt, 12, 758
 
micromixing, 780
 
MSMPR model, 752
 
nucleation, 744
 
population balance, crystal, 778
 
precipitation, 777
 
scale-up, 781
 
seeding, 776
 
size distribution, 777
 
solubility, 730, 731, 738
 
supersaturation, 743, 780
 
zone melting or refining, 12, 762
 

Cunningham correction, 863
 
Current density, 573
 
Cut, 562
 
Cyclones, 855
 

collection efficiency, 857
 
design, 861
 

D
 
Dalton's law, 44
 
Darcy's law, 551, 866
 
Decanter (settler), 324, 327, 327,852-853
 

design, 866
 
oil-water, 866
 

Degrees offreedom analysis, 150,208
 
Deionization, 617
 

Index 893 

Demineralization, 617
 
Desublimation, 10, 12, 178, 764
 
Dew point, 160
 
Diafiltration, 603
 
Dialysis, 12,570
 
Diffusion, 91
 

eddy (turbulent), 91
 
equimolar counterdiffusion (EMD), 93
 
Fick's first law, 92
 
Maxwell-Stefan equations, 137,501
 
molecular, 91, 138
 
multicomponent, 497
 
pores, in, 103
 
shear-induced, 599
 
steady-state, 92, 109
 
unimolecu1ar diffusion (UMD), 94
 
unsteady state, 108, 109
 

Newman's method, 112
 
velocities, 92
 

Diffusivity (diffusion coefficient), 96, 138
 
biological solutes, 102
 
effective, in porous solid, 103, 645
 
electrolytes, 102
 
gas mixture, 96
 
liquid mixture, 98
 
Onsager's reciprocal relations, 138
 
solids, 103
 

Dimensionless groups in transport, 123
 
Eotvos number, 360
 
Fourier number for mass transfer, 112, 825
 
Froude number, 123,257,356
 
Lewis number, 123,810
 
Luikov number, 810
 
Nusselt number, 123
 
Peclet number, 123, 367
 
Peclet number for mass transfer, 123,242
 
Power number, 355
 
PrandtI number, 123
 
Rayleigh number, 690
 
Reynolds number, 123
 

impeller, 355
 
Schmidt number, 123
 
Sherwood number, 123
 
Stanton number, 123
 
Stanton number for mass transfer, 123
 
Weber number, 123
 

Distillation, 7-9, 11,280,389,410,448,496,514
 
equipment, 225-229
 
operating pressure, selection of, 391
 

Distillation boundary, 451
 
Distillation curve, 457
 
Distillation curve map, 457
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894 Index 

Distribution coefficient, 42, 335
 
DLVO theory, 74
 
Donnan effect (exclusion), 73, 573
 
Drag coefficient, 119,245,862
 

vs. Reynolds number, 862
 
Dry-bulb temperature, 809, 811
 
Drying of solids, 9, 11, 790
 

drying periods, 817
 
equipment, 791
 
models, 830
 

belt dryer, through-circulation, 832
 
direct-heat rotary dryer, 834
 
fluidized-bed dryers, 836
 

E 
Eddy diffusivities, 124
 
Efficiency, stage
 

Murphree tray, 240
 
Overall of Lewis, 237
 

Electrodialysis, 15
 
Electrolysis, 15,574
 
Electrolyte solution models, 67
 
Electrostatic precipitators, 856-857
 
Electrophoresis, 15, 688
 

banding, 693
 
blotting, 693
 
detection, 692-693
 
gels, 692
 
geometries, 692
 
modes, 688,690-692
 

capillary, 690
 
denaturing, 690
 
isoelectric focusing (IEF), 690-691
 
isotachophoresis, 691
 
pulsed-field, 691-692
 
two-dimensional, 691
 

resistive heating, 689-690
 
theory, 692
 

Electrostatic double layer interactions, 75-76
 
Energy-separating agent (ESA), 7
 
Enthalpy-concentration diagrams, 310, 742, 769
 
Eotvos number, 360
 
Equation of state models, 44
 
Equation tearing, 412
 
Ergun equation, 262-263, 552
 
Espresso machine, 5, 711
 
Euler method, 452, 521, 526-527
 
Eutectic point, 71,173,174,729,730,758
 
Evaporation (evaporator), 9, 11,766-767
 

equipment, 767
 
model,768
 
multiple-effect systems, 770
 

Exergy,38
 
Expression, 858
 
Extraction factor, 198
 
Extractive distillation, 7, 8,460
 

F 
F-factor, 249, 265
 
Fabric collectors, 855
 
Fanning friction factor, 120, 123
 
Faraday's law, 574
 
Fenske equation, 392
 
Fenske-Underwood-Gilliland method, 389
 
Fick's first law, 92, 557
 
Fick's second law, 110
 
Field-flow fractionation, 15
 
Film theory, 129
 

film-penetration theory, 132
 
film theory of Nernst, 129
 
Maxwell-Stefan relation to, 142
 
penetration theory, 130
 
surface-renewal theory, 131
 

Film thickness, 129
 
Filter aid, 849
 
Filter cake, 848
 

cake resistance, 867
 
compressibility, 867
 
void fraction, 867
 

Filter operation, 867-876
 
constant pressure, 867-871
 
constant rate, 871
 
variable rate, 871
 
wash cycles, 874-876
 

Filter selection, pc Select, 858
 
Filters, types of, 851
 

bag, 855
 
belt, 858
 
Brink, fiber bed, 854
 
CENIEUROVENT, ULPA classification,
 

853
 
coalescing, 854
 
depth,850
 
HEPA,850
 
leaf,859
 
mesh, 860
 
plate and frame, 858
 
rotary drum, vacuum, 858
 
vanes and louvers, 855
 

Fixed-bed adsorption (Percolation), 653
 
breakthrough, 653
 
constant-pattern front, 658
 
ideal (local) equilibrium, 653
 
linear driving force (LDF), 655
 



Index 895 

mass-transfer zone (MTZ), 658
 
stoichiometric front, 653
 

Flash vaporization, 7, 8, 157
 
adiabatic, 162
 
isothermal, 158, 182
 

Flocculators, 852
 
Flooding, 245
 

packed column, 260
 
plate column, 245
 

Fluidization, 836
 
Foam fractionation, 10, 12
 
Fourier's law, 108
 
Freundlich adsorption isotherm, 630
 
Fugacity, 40, 41
 
Fugacity coefficient, 40, 41
 

G 
Gibbs phase rule, 150
 

H
 
Henderson-Hasselbach equation, 72
 
Henry's law, 42,105,129,133,177,235,560,
 

630
 
Heterogeneous azeotropic distillation, 448, 472
 
HETP (HETS), 252, 264
 
Hofmeister series, 78, 375
 
Holdup
 

packed columns, liquid-liquid, 361
 
packed columns, vapor-liquid, 256
 

Hollow-fiber membrane modules, 548-550
 
Homogeneous azeotropic distillation, 448, 468
 
HTU, 254
 
Humidity, 807, 809
 
Hunter-Nash method, 339
 
Hybrid systems, 206, 566, 582
 
Hydrates, 174,741
 
Hydraulic diameter, 268
 
Hydrogen bonds, 78, 81
 

I
 
Impellers, 326
 
Inside-out method, 434
 
Ion exchange, 14,617,624,635,646,665,687
 
Ionic interactions, 80
 
Ionic strength, 75
 
Ionization, 69-71
 
Isothermal flash, 158, 182
 

J 
j-factors of Chilton and Colburn, 123, 124
 
Jacobian matrix, 427
 
Janecke diagram, 167, 349
 

K 
K-va1ues, 41, 42
 
Kelvin equation, 622, 816
 
Kick's law, 880
 
Knudsen diffusion, 551,558,645
 
Kosmotropes,78
 
Kozeny-Carmen equation, 871
 
Kremser group method, 201,235,402,676
 

L 
Langmuir adsorption isotherm, 631, 632
 
Leaching, 10, 14, 171,708
 

equilibrium-stage model, 716
 
equipment, 709
 
rate-based model, 721
 
shrinking-core model, 725
 

Liquid-liquid extraction, 9, 11, 198, 371,403,424
 
bioproducts, of, 368-379
 
equipment, 326
 
graphical design methods, 337
 
reflux, extract and raffinate, 347
 
rigorous design method, 366
 
liquid-liquid miscibility boundaries, 164
 

Liquid membrane, 13
 
Liquid-solid extraction, 10, 14
 
Loading point in packed columns, 257
 
Longitudinal (axial) mixing (dispersion), 242, 366
 
Lost work, 38, 39
 

M 
McCabe, law of, 752
 
McCabe-Thiele method for binary distillation, 283
 
McCabe-Thiele method for countercurrent adsorption, 676
 
McCabe-Thiele method for leaching and washing, 716
 
Magma, 729
 
Maloney-Schubert method, 351
 
Marangoni interface effect, 132,337,359
 
Margules equation, 60, 61
 
Mass-mean diameter, 737
 
Mass-separating agent (MSA), 7
 
Mass transfer, 6, 91
 

bulk-flow effect, 91
 
coefficient, 116
 

volumetric, 252
 
driving forces, 133
 
droplet, 348
 
interfacial area, 249, 358
 
laminar flow, in, 114
 

boundary layer on a flat plate, 118
 
falling liquid film, 114
 
fully developed flow in a tube, 120
 

large driving force, case of, 135
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Mass transfer (Continued)
 
membranes, in, 638, 642
 
multicomponent, 137
 
Maxwell-Stefan equations, 137-144,
 

501
 
packed bed, 252, 307, 642
 
particle, for
 

external, 643
 
internal, 644
 

turbulent flow, in, 122
 
two-film theory of Whitman, 132,265
 

Mechanical Separations, 876-881
 
Membrane cascades, 205, 566
 
Membrane materials, 545
 

asymmetric, 547
 
casting, 588
 
thin-layer composite, 547
 
transport in, 551
 

Membrane modules, 548
 
flow patterns in, 564
 

dead-end flow, 589
 
tangential flow, 594
 

Membrane separations, 12-13,542
 
MESH equations, 411
 
Method of lines (MOL), 672
 
Microfiltration, 13, 590-591
 
Micromixing, 731
 
Minimum absorbent rate, 234
 
Minimum equilibrium stages, 290, 392
 
Minimum reflux ratio, 290, 395
 
Minimum solvent rate, 341
 
Minimum work of separation, 37,38
 
Mixer-settlers, 326, 354
 
Moisture content of solids, 814
 
Moisture-evaporation temperature, 812
 
Molecular-sieve carbon, 621, 623
 
Molecular-sieve zeolites, 621, 623, 624
 
Moment equations, 753
 
Monolithic membrane modules, 548-550
 
MSMPR crystallization model, 752
 
Multiple solutions (multiplicity), 477
 

N 
Nanofiltration,594
 
Nemst-Haskell equation, 102
 
Net charge, 70
 
Newton-Raphson method, 422, 427
 
Newton's law of cooling, 116
 
Non-equilibrium thermodynamics, 137
 
NRTL equation, 60, 64
 
NTU, (Number of transfer units), 254, 255, 368
 
Nusselt number, 123,643
 

o 
Occlusion, 225
 
ODEPACK, 672
 
Oldershaw column, 242
 
Oldshue-Rushton column, 328, 330
 
Onsager's reciprocal relations, 138
 
Osmosis, 12,575
 
Osmotic pressure, 576
 

p 
Packed column (tower), 226
 

diameter, 260
 
flooding, 260
 
height, 254
 
HETP (HETS), 254
 
HTU,254
 
liquid holdup, 256
 
loading, 257
 
mass transfer, 270
 
NTU, 254
 
packings, 227, 228, 258
 
pressure drop, 260
 

Ergun correlation for dry bed, 263
 
Packings, 227
 

random (dumped), characteristics, 258-259
 
structured (arranged, ordered), characteristics, 260
 

Parachor,99
 
Partial condensation, 7, 8
 
Partial vaporization, 7, 8
 
Particle density, 620
 
Particle porosity, 620
 
Particles, separation devices, 850
 

classification, 865
 
collection mechanisms, 851
 
settling mechanisms, 862
 
terminal velocity, 862
 

Partition coefficient, 42
 
dependence of, 371
 

Permeability, 546, 548
 
Permeance, 546
 
Permeate, 542
 
Pervaporation, 13,581
 
pH, 70
 
Phase equilibria, 40--44, 151
 

gas-liquid, 177
 
gas-solid, 179
 
liquid-liquid,44, 163, 169
 
solid-liquid, 44, 171
 
vapor-liquid, 41,152
 

Phase splitting, 61
 
Pinch points, 234, 394
 
Plait point, 166,335,337
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Plate-and-frame membrane modules, 548-550
 
Podbielniak centrifugal extractor, 331, 332, 364
 
Poiseuille equation, 867
 
Polymerase chain reaction, 74
 
Polymer membranes, 546
 
Pore-size distribution, 622
 
Power number, 355
 
Poynting correction, 42
 
Precipitation, 756
 

of bioproducts, 877
 
Pressure diffusion, 140
 
Pressure drop
 

packed column, 260
 
trayed tower, 247
 

Pressure-swing adsorption (PSA), 14,662-665, 673
 
Pressure-swing distillation, 448, 466
 
Proteins,2G-21
 

aqueous two-phase extraction of, 374-375
 
chromatography, 641, 645-646
 
crystallization, 773
 
counterflow separation of, 653
 
fouling, 597
 
interactions, 79
 
ligand-receptor binding, 80
 
molecular weights, 140,597
 
physical parameters, 596
 
precipitation, 79
 
Scatchard analysis, 82
 
structure stabilization, 79
 
ultrafiltration of, 605-609
 

Product composition region, feasible, 458
 
Pseudo-steady-state assumption, 725
 
Psychrometric ratio, 811
 
Psychrometry, 807
 

definitions, table of, 809
 
humidity charts
 

air-toluene at 1 atm, 780, 812
 
air-water at I atm, 808
 

Pumparounds, 411
 

Q
 
q-line, 155, 287
 

R
 
Rachford-Rice method, 159, 170, 183
 
Raoult's law, 42
 

deviations from, 57
 
modified, 42
 

Reactive distillation, 448, 479
 
Reboiled absorption, 8, 11, 12
 
Reboiled stripping, 9, 11
 
Reboiler, 296
 

Re-entrainment, 851, 853
 
Reflux, 11,283
 
Reflux drum, 283, 306
 
Refluxed stripping, 8, 11
 
Regular solutions, 56
 
Rejection, 577
 
Relative volatility, 42
 
Residence-time distribution, 131
 
Residue curve, 451
 
Residue curve map, 451
 
Resins, ion exchange, 624
 
Retentate, 542
 
Reverse micelles, 372-379
 
Reverse osmosis, 12,575
 
Reynolds number, 115, 122
 
Reynolds stress, 126
 
Rittinger's law, 880
 
Ruth equation, 867
 

S
 
Salt distillation, 448, 464
 
Sauter mean diameter, 358, 737
 
Screen analysis, 735
 

cumulative, 735
 
differential, 735
 

Screens, U.S. standard, 735
 
Second-law analysis, 38, 39
 
Second-law efficiency, 38, 39
 
Separation mechanisms, 5-7
 
Separation factor (power), 19
 
Separation specifications, 15-18
 

activity, biological, 26
 
component recoveries, 19-22
 
product purities, 19-22, 26
 
split fraction, 19-22
 
split ratio, 19-22
 
yield, 26
 

Settling of particles, 863-865
 
at intermediate Reynolds numbers, 863
 
hindered, 864
 
Newton's law, 863
 
Stoke's law, 863
 
velocity, 862-863
 

Shrinking-core model, 725
 
Sieve (perforated) trays, 226
 
Sigma factor, 873
 
Simulated moving-bed adsorber, 663, 665, 678
 
Single-section cascade, 195,200, 209
 
Slop (intermediate) cuts, 523, 531
 
Slurry adsorption (contact filtration), 667
 
Solid-liquid extraction, 10, 14, 708
 
Solid solution, 729, 730
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898 Index 

Solubility, 740
 
pH effects on biological, 73
 

Solubility parameter, 56
 
Solubility product, 739,757
 
Solution crystallization, 729, 748
 
Solution-diffusion, 107,551,559,560
 
Solutropy, 169,338
 
Solvent selection, 370
 
Sorption, 617
 
Souders-Brown equation, 860
 
Sphericity, 644, 734
 
Spiral-wound membrane modules, 548-550
 
Spray tower (column), 225, 327
 
Stage, equilibrium, 208
 
Sterile filtration, 592
 
Stiff differential equations, 524
 
Stoke's law, 863
 
Stripping (stripper), 11, 200
 

Kremser algebraic design method, 402
 
rigorous design methods, 421, 427, 435
 

Stripping factor, 203
 
Sublimation, 12, 179
 
Sum-rates (SR) method, 421
 
Supercritical-f1uid extraction, 11,369,485
 
Superficial velocity, 257
 
Supersaturation, 743
 
Surface diffusion, 644
 
Surface-mean diameter, 737
 

T 
Temperature
 

infinite surroundings, 38
 
reference (datum), 44
 

Terminal velocity, 862
 
Ternary liquid-liquid phase diagrams, 165,335,448
 
Thermal diffusion, 15, 139
 
Thickeners, 852
 
Thennal-swing adsorption (TSA), 14,662,667,669
 
Three-phase flash, 183
 

r 
Tie-line, 154, 166
 
Tortuosity, 104, 552, 557
 
Trayed (plate) tower (column), 225
 
Tray spacing, 245
 
Tubular membrane modules, 548-550
 
Turndown ratio, 226, 228, 246
 
Two-section cascade, 195,210
 

U
 
Ultrafiltration, 13,547,585
 
Underwood equations, 394
 
UNIFAC equation, 65, 66
 
UNIQUAC equation, 60, 65
 

V
 
Valve cap, 226-227
 
van der Waals interactions, 74, 76
 
van Laar equation, 61
 
Vapor pressure, 41, 45
 
Velocity
 

interstitial, 639
 
superficial, 257
 
terminal, 862
 

Virus filtration, 590, 593
 
Volume-mean diameter, 738
 

W 
Wang-Henke (BP) method, 414
 
Washing factor, 197
 
Weeping, 225, 250
 
Wilson equation, 62-64
 
Work
 

lost, 39,40
 
minimum, 39, 40
 

Z 
Zeolites, 623, 624
 
Zeotropic system, 449
 
Zone melting, 762
 




