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multi-plate-stack reactor    587
multi-platelet stack micro reactor

261
multi-scale concept    6, 15
multi-step synthesis    475
multigrid method    166
– prolongation    168
– restriction    168
multilamination    207
– interdigital arrangement    207
multiphase packed-bed reactor    593
multiple-micro-reactor test station

12

n
nanoscale flow    141
2-naphthaldehyde    532
naphthalene    68, 72
naphthalene, nitration    450
Navier–Stokes equation    127, 136,

147, 150, 165, 205, 212, 234
– numerical technique    156
– solution    156
– viscosity term    160
Neumann criterion    156
Newtonian liquid    138
Newton’s equations    141
Nickel–Pyridine complexes    565
nitration    68, 72, 103
– aliphatics    488
– alkanes    488
– aromatics compounds    448
– benzene    449

– N,N′-diethyl-N-nitrosourea    490
– N,N′-diethylthiourea    489
– N,N′-diethylurea    489
– naphthalene    450
– toluene    449
nitro aromatics, hydrogenation
– catalyst    627
– catalyst deactivation    630
– experimental protocols    624
– hydrodynamics    630
– mechanistic analysis    629
– recycle loop    631
– results    626
nitro group hydrogenation    623
nitrobenzene, hydrogenation    624
4-nitrobenzenediazonium

tetrafluoroborate    463
3-Nitrobenzoyl chloride    427
2-Nitrobenzyltriphenylphosphonium

bromide    532
nitrodehydrogenation    448, 488
p-nitrophenyl-2-acetamide-2-deoxy-β-

d-glucopyranos    442
p-nitrophenyl-β-d-galactopyranoside,

hydrolysis    442
nitrosation
– N,N′-diethylthiourea    489
2-nitroso-1-naphthol    564
5-nitrothiophene-2-carboxaldehyde

532
4-nitrotoluene, fluorination    598
– experimental results    600
– side-chain fluorination    603
– substitution pattern    603
p-nitrotoluene, hydrogenation    624
non-isothermal reacting flows    223
non-Newtonian liquid    138
Novozym-435™    432
nucleophilic substitution    103
numbering-up    6
– external    7, 10
– internal    8, 10
numerical diffusion    153, 198
numerical instability    221
Nusselt number    38, 184, 193
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o
OAOR process    300
one-plate chip reactor    278
organic synthesis    27
oscillatory electric field    211
oscillatory flow    211
oxidation    103, 291, 541, 642
– alcohols    642
– alcohols, derivatized    314
– aldehydes    646
– ammonia    293
– arsenous acid    560
– arylmethanes, electrochemical    545
– 1-butene    309
– carbon monoxide    327
– cyclohexanol    541
– ethanol    542
– ethylene    299
– formamides    339
– hydrogen    332
– methanol    311
– propene    316
oxidative addition    480
oxihydrogen reaction    332
oxodedihydro bisubstitution    542
oxyhydrogen reaction    76

p
packed-bed reactor    593
PAMIR    93, 103, 104
partial oxidation
– isoprene    318
– methane    322
– propene    316
particle collision    134
particle motion    133
particle tracking    133
Peclet number    36, 198, 202, 222
pentafluorophenol    435
2,4-pentanedione enolate    492, 493
n-Pentene, epoxidation    498
peptide synthesis    434
– experimental protocol    439
– results    440
β-peptides    434

periodic boundary conditions    187
periodic processing    228
– enzymatic reaction    228
permeable-separation membrane chip

reactor    288
phase transition    143
phenol    540, 619
1-(phenylazo)-2-naphthol (Sudan I)    463
phenyl isothiocyanate    433
phenylacetylene    483
phenylboronic acid    479
(R)-2-Phenylbutyric acid    438
1-phenylethanol    530
phenylmagnesium bromide    486
phosgene    59
phosgene formation    364
– catalyst deactivation    365
– kinetics    366
– results    365
phosphine catalysis    479
photo-Diels–Alder reactions    643
photochemical micro reactor
– serpentine chip    416
photochemical reductive biradical

coupling    549
photochemical single-channel chip

micro reactor    589
photochlorination
– alkanes    612
– toluene-2,4-diisocyanate    612
photocyanation, aromatics    476
photooxidation, dienes    644
physical space    162
Piecewise-Linear Interface

Construction    234
pigment production    463
pigments    462
pinacol formation    549
– results    551
piperazine    431
plit–recombine mixer    395
plug-flow model    224
Poincaré map    207
Poincaré section    173, 206
Poiseuille flow    215
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Poiseuille number    194
Poisson equation    165
Poisson–Boltzmann equation    140
polyacrylate formation    502
polyacrylates    502
polyalkenyl addition    502
polyethylene    506
polyethylene formation    506
polymerization
– acrylates    502
– ethylene    506
pore space    241
porosity    195
porous media
– morphology    241
– transport coefficient    244
– volume-averaged transport

equations    242
position-space renormalization group

method    244
Prandtl number    130, 185
pre-exponential factor    219
pressure drop    137
pressure oscillation    157
process engineering    51
– bench-scale plants    65
– – hybrid/multi-scale    65
– – multi-purpose    65
– – specialty    65
– chemical weapons    63
– control systems    61
– desk-top pharmacies    62
– distributed manufacturing    59
– energy generation    61
– environmental restoration    61
– future plants    63
– gas liquefaction    61
– home factories    62
– industrial process development    53
– laboratory processing
– – sensing    52
– – system shrinkage    52
– laboratory-scale processing    51
– – quality of information    51
– – quantity of information    51

– – reactor designs    51
– on-site production    59
– process models    61
– production    55
– size reduction    58
– standardization    63
– time to market    53
process equipment
– hydrodynamics    29
– size reduction    28
process intensification    6, 15, 101
– definitions    13
process results    66
– conversion    67
– criteria    66
– experimental protocols    74
– explosion limits    76
– isomerism    71
– new process regimes    76
– optical purity    73
– racemization    73
– reactants    75
– reaction mechanism    73
– reaction rate    70
– reaction time    69
– safety    75
– selectivity    67
– space–time yield    70
– yield    69
product inhibition    229
Propane    352
propane dehydrogenation    49
propane, non-oxidative

dehydrogenation    352
– benchmarking    354
– filamentous-bed reactor    353
– product separation    354
propane, oxidative dehydrogenation
– heat management    356
– hot-spots    357
– partial pressure influence    357
– periodic processing    358
– results    355
2-propanol, dehydration    360
– kinetic model    362
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– periodic operation    362
– results    361
propene    316, 352, 360
propene, partial oxidation    316
– results    317
propionic acid chloride, hydrolysis    419
N-protection    435
O-protection    435
pyrazoles    523
pyrene, photocyanation    477
4-(1-pyrenyl)butyric acid, esterification

444
pyridine-2-azo-p-dimethylaniline    566
pyrrolidine    527

q
quadrilateral cell    163
quality control    96
quaternary amines    423
QUICK scheme    151, 154

r
rac-citronellal    495
racemization, dipeptides    441
radical polymerization    103, 502
Rayleigh stabilit    237
reacting channel flows    222
– first-order reaction    222
– porous medium    222
– smooth surface    222
– wall-catalyzed reaction    222
reacting flow
– numerical methods    220
reaction term    218
reactor in disk housing    588
reactor with micro mixer    263
rearrangements    538
– hydroperoxides    538
recirculation loop    181
rectangular channel    175, 216
redox reaction iodide/iodate    558
reduction    541
– acetophenone    530
– dimethyl itaconate    509
reductions    642

reductive elimination    480
Reynolds number    30, 34, 136, 171,

173, 193, 202
ring closure    522

s
scale-up    11
Schiemann reaction    597
Schiff bases    521
Schmidt number    34, 217
secondary flow pattern    175
self-heating chip reactor    280
separation-layer micro mixer    9
serial combinatorial synthesis    448
shock wave    159
Si-chip micro reactor    276
silver reaction channel    264
silyl enol ether
– acetophenone    529
– cyclohexane    528
SIMPLE algorithm    159
SIMPLE scheme    160
SIMPLEC scheme    160
simulation    125
single-channel chip reactor    278
Single-Line Interface Construction    234
singlet oxygen    644
sinusoidal curved channel    186
sinusoidal fluctuation    237
sinusoidal grooved channel    203
sinusoidally curved channels    173
slip boundary condition    129
slip length    129
slug flow    580
slug-micro flow    3
societey and ecology
– environmental restoration    83
society and ecology    79
– awareness    81
– ecologic acceptance    81
– education    81
– social acceptance    81
sol–gel techniques    259
solid matrix    241
sonochemical reactors    209
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Sonogashira coupling    483
– experimental protocol    484
split–recombine mixer    591
Stern layer    140
Stokes equation    203
Stokes flow    205
Stork enamine    527
straight duct    217
streaming potential    140
streamline-tracking technique    208
structured grid    163
substitution    358
– alkane chlorination    358
substrate inhibition    229
sulfite oxidation    648
– results    649
superposition flow    204
surface tension    144
surface tension force    239
surface wave    232
sustainable development    17, 101
Suzuki coupling    69, 75, 102, 479
– results    480
symmetry    3
syngas generation    322

t
T micro reactor    196
µTAS    105, 126, 169
Taylor expansion    148, 153
Taylor–Aris dispersion    215, 217, 224
Taylor–Aris theory    36
temperature distribution    195
temperature field    243
– fluctuating component    243
temporal discretization    155
α-terpinene, photooxidation    644
tetrahedral cell    163
tetrahydrofuran, fluoridation    609
thermal conductivity    130, 195
thermal creep    131
thermal diffusivity    185
thermal energy density    183
thermal entrance length    184, 185
thermal explosion    37

thermodynamic flux    132
thin membrane micro reactor
– permeable separation    288
thin wire reactor    285
– catalyst-wire-in-channel    287
thin-film micro reactor    585
thin-film techniques    259
thin-membrane micro reactors    288
thin-wire reactor
– modular integrated 3D system    285
thiocyanation    422
thiocyanatodehydrogenation
– α-bromotoluene    422
α-thiocyanidetoluene    422
thioureas, desymmetrization    433
toluene, fluorination    597
– experimental results    600
– residence time    606
– safety    607
– side-chain fluorination    603
– solvents    605
– substitution pattern    603
toluene, nitration    449
toluene-2,4-diisocyanate    612
trans-amidation    433
transgalactosylation
– p-nitrophenyl-2-acetamide-

2-deoxy-β-d-glucopyran    442
transglycosylation    441
transition flow regime    133
transition metal–ligand complex

formation    563
transmetallation    480
transport coefficient    246
triangular cell    163
trickle-bed reactor    593
trifluorothio-m-nitrobenzene    609
Tripeptide synthesis    438
tube micro reactor
– capillary    380
– electrothermal    379
– packed bed capillary    380
– packed bed tube    380
– porous-polymer rod in tube    381
two-phase contactor    579
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u
Ugi four component condensation

(4CC)    510
Ugi reaction    102, 510
– results    515
ultrasonic fields    209
unit cell    4
unstructured grids    163
upwind cell    234
upwind scheme    151

v
viscous dissipation    183
viscous force    239
viscous number    189
Vitamin precursor synthesis    552
volume-averaged enthalpy    195
volume-averaged temperature    243
volume-of-fluid method    233
vortex flow    212

w
wall reaction    224
washcoat    258
– calcination    261
– impregnation    261
wavenumber    203
Weber number    30
Weisz modulus    366
wide fixed-bed reactor    282
Wittig reaction    71, 102, 531
– experimental protocol    533
– results    534
Wittig–Horner–Emmons reaction    533

z
zigzag channel    173, 186, 202


