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toluene diisocyanate (TDI) 131

polymer-grade propylene 46, 53
polymeric gas separation membranes

203, 206, 233
polymeric membrane-based industrial

separation processes 203
polymeric membranes

asymmetric integrally skinned
209–211

fundamentals of 205–207
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rate-selective adsorption 159, 166–168
reactive adsorption 159, 170
reactive distillation 181, 200
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reactor effluent gases 45
rectification 179, 272
RectisolTM 252
refinery 3–10, 23, 26, 28–30, 34, 45,

53–54, 59, 91, 108, 114, 181, 187,
196, 204, 228

refinery-grade propylene (RGP) 53
reformate 7, 32, 48, 88–89, 91, 93–97,

133, 172–173, 275–276
reformate–octane relationship 97
reformed petroleum naphtha 275
reforming technology 88–95, 274
relative volatility 180, 181, 184–186,

189, 198
residuum 10
resins 34, 40, 78, 80, 121–122, 129–130,

133–142
reverse osmosis (RO) 204, 227
rotary and reciprocal extractors 268
RTPTM flow diagram 116
RTP green fuel typical properties 116

s
SAPO-34 60

membrane 215
molecular sieve membrane 60, 214

sec-butyl alcohol 27
secondary amine 248–249
selective toluene disproportionation

99–100
SelexolTM (DMPEG) 252
SelexolTM technology 63, 67, 252,

255–257
semi-regenerative reforming 91, 93, 94,

96
SeparexTM membrane technology 205,

229
SeparexTM processes 64
SeparexTM spiral wound membrane 205
shale gas 4, 20, 38, 47, 56, 111, 113
shape-selective adsorption 159, 168–169
sheet metal 195
Shell Claus Off-gas Treatment (SCOT)

248
short-chain paraffins 4

sieve tray 191
columns 266
extractor 266–267

silica gel 148
silicalite 150, 167–168
silicates 214
silicoaluminophosphates (SAPOs) 60,

214
silicone rubber polymer 205
simple extractors 266–268
sinapyl alcohol 117
[SiO4]4- and [AlO4]5- tetrahedra 148
slurry polymerization 80
sol-gel membranes 214
solid petroleum 5
solubility 151, 184–185, 190, 205–206,

208, 211, 243, 252–254, 261, 272,
275, 278

solubility coefficient 205–206
solvent selection 244–245, 252, 261, 264
solvents

chemical stability 265
density 265
immiscible 265
loading capacity 265
recoverability 265
selectivity 264–265

Sorbex process 158, 174
SorbexTM technology 59, 156
sources of supply 18, 33
space velocity 58, 93
steam cracking process 19, 26, 28,

45–46, 111
steam cracking yields 112–113
steam cracking-based olefin complex 12
steam reforming 62, 64–66, 82–83, 111,

126
Stedman structured packing 195
structure directing agents (SDA’s) 151,

217
structured packing 186–187, 192,

194–195, 197
styrene 33, 113, 122–123, 138
styrene-acrylonitrile (SAN) 81
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styrene-butadiene (SB) copolymer 30,
122

styrene-butadiene rubber (SBR) 30
styrenics 21–22, 33–34
sulfolane process 110, 272, 274–275, 277
SulfolaneTM extractive distillation unit

172
sulfur compounds 6, 72
sulfur-containing molecules 10
superabsorbent polymers 25
supercritical fluid extraction (SCFE)

261, 263–264
liquid-liquid extraction (LLE) 264

surface area 51, 89, 91–92, 148,
153–154, 184–187, 190, 195, 206,
215–217, 234, 243, 267

sweetening Merox process 278–280
symmetric nonporous dense film

polymeric membranes 207
symmetric porous polymeric membranes

207
syndiotactic polypropylene 79
syngas 75

ammonia 82–83
hydrogen 82
methanol 83

syngas production
coal gasification 67–72
natural gas conversion 64–67
removal of impurities in raw natural gas

63–64
synthesis gas 3, 11, 17

ammonia 38–39
methanol 39–40

synthesis gas complexes 13
synthetic fibers 133, 142, 170
synthetic gas (syngas) 45

t
tacticity 79
TatorayTM transalkylation process 96
terephthalic acid 12, 37, 133, 139
tertiary amines 244, 246, 248–249
tertiary amyl ethyl ether (TAEE) 54

tertiary amyl methyl ether (TAME) 27,
40, 54

tetrahydrothiophen 6, 275
tetrahydrothiophene-1,1-dioxide 275
tetramethylbenzene 103
thermal dealkylation process (THDA)

95
thermal regeneration 251, 254–255
thermally-derived ethylene 19
thermocracking 8
thermodynamic vapor-liquid equilibrium

(VLE) compositions 181
thin film composite (TFC) membranes

203, 207
flat sheet membrane 207–208, 227
hollow fiber membrane 207–208
polymeric membranes 211–213
structure 207

titanium silicates 214
toluene 3, 11, 17, 32–36, 87, 89, 95–105,

111–115, 118, 121, 127, 134, 162,
171–174, 197–199, 257, 264, 273

toluene diisocyanate (TDI) 35, 131–132
toluene methylation 96, 103–105
toluene methylation unit 104
toluene xylenes 6, 197
toluol 11
topping refineries 8
transalkylation 32–33, 36–37, 95–100,

173
Tray hydraulics 186
tray vs. packed columns 187, 188
tri-ethylene glycol 78
2,2,4-trimethylpentane 5
3,3,5-trimethylheptane 167
tri-substituted paraffin 167
tributyl phosphate (TBP) 270–273

solvent 272–273
triethanolamine (TEA) 151, 247
trimethylbenzene 103
trinitrotoluene 87
typical naphtha-based olefins unit 12

u
Udex 110
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ultra-low sulfur diesel (ULSD) 109
ultra-thin ZIF-8 membrane 218
ultrafiltration (UF) membrane 204, 234
ultrathin MFI nanosheets 217
UnicrackingTM technology 110, 197
UniflexTM 197
UnionfiningTM 58
unsaturated polyester resins 80, 133,

138, 272
UOP C3 Oleflex Complex 51–54
UOP C3/C4 Oleflex complex 56
UOP CCR PlatformingTM process 91
UOP Fixed Bed Platforming units 91
UOP InAlkTM process 55
UOP Iso-C4 Oleflex Complex 54–56
UOP IsomarTM unit 100, 173
UOP MaxEneTM 47
UOP Mixed-C4 Oleflex complex 56–57
UOP MX SorbexTM 148
UOP OleflexTM process 49
UOP PacolTM 57
UOP ParexTM 100, 148
UOP Penex PlusTM 89
UOP PlatformingTM process 50
UOP TatorayTM unit 96, 173
UOP’s Pacol catalytic dehydrogenation

process 57
UOP/Hydro MTO Process 61
uranium and plutonium separation 272

v
vacuum distillation 7–9, 195, 197
valve tray 190, 191
Vapor Liquid Equilibrium (VLE) theory

180–182
vapor/gas and vapor/vapor separations

227, 230–233

virgin light crude oil 4
volatile organic compounds (VOCs)

257, 259

w
wax 4, 10
weaker acidic zeolite 162
“world-scale” ethylene plant 20

x
X- or Y-faujasite 171
xylenes 3, 11, 17, 36, 121

isomers 133
oxidation reactions of 137

z
zeolites 148

acidity 161
adsorbents 148–150
framework structure 159–160, 164
membranes 204
synthesis 151

zeolite powder 152
accretion of 153
pelletization 153

zeolitic adsorbent 152, 154, 158, 162,
165, 169

zeolitic imidazolate frameworks (ZIF)
213–214, 216, 218–219

zeolitic liquid separation mechanisms
154

Ziegler–Natta catalysts 76, 80
zirconium/hafnium separation

270–272
Zn2(bim)4 nanosheet membrane 218














