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temperature, 293-294
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two-stage hydrogenation, 259
 

High melting/fully-saturated hardened
 
oils
 

hydrogenation methods
 
cottonseed oil, 206-207
 
general overview, 47
 
groundnut (Arachis/peanut) oil,
 

212-213
 
linseed oil, 214
 
marine oils (anchovy/pilchard oils),
 

257
 
marine oils (herring oil), 260
 
marine oils (sardine/menhaden oils),
 

258,266-269
 
palm oil, 224
 
rapeseed (colza) oil, 246
 
rapeseed oil, 235
 
sunflower oil, 251
 

High-performance liquid chromatography
 
(HPLC), quality and control
 
testing and, 347
 

High pressure hydrogenation, fatty
 
alcohol production and, 85
 

Hoecat, 184
 
Holmboe oil spray, 118-119
 
Horiuti-Polanyi mechanism
 

isomer formation
 
nickel-catalyzed reaction, 159-160
 

Hydrazine (N2H ), and hydrogenation
4

sans catalysts, 32
 

Hydrocarbon chain, defined, 2
 
Hydrocarbon reforming, quality and,
 

156-157
 
Hydrogen
 

activity of, 352
 
concentration on catalyst surface,
 

166-168
 
electrolytic, 152-1 5,3
 
general safety and, 317-319
 
hydrocarbons
 

reforming, 156-157
 
ignition (safety problem), 320-321
 
impact of availability, 90
 
impact on selectivity, 27-28
 
isomer formation
 

mechanism, 163-168
 
leaks in (safety problem), 320
 
leaks out (safety problem), 319-320
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Hydrogen (continued)
 
purchase of, 157-158
 
receipt by roadlrail, 326
 
requirements, 158
 
srorage
 

high-pressure srores, 326
 
low-pressure srores, 324-325
 

used ro clear oil/catalyst auroclave lines
 
(undesirable), 115-116
 

Hydrogen circulating systems
 
hydrogenation process techniques and,
 

36
 
Hydrogen content
 

FAME ro fatty alcohols
 
binary fluid mixtures SC-H/C0

2 
or
 

SC-H/C
3
H.,95-96
 

Hydrogen distribution
 
circulation systems, 112-113
 
dead-end systems, 113-114
 
general overview, 9-12
 
limitation of uses, 115-116
 
mixed dead-end circulation systems,
 

114-115
 
Hydrogen pressure, general overview,
 

12-13
 
Hydrogenation. See also Electrocatalytic 

hydrogenation; Hydrogenation 
methods 

catalyst action
 
general overview, 14-15
 
induction/fatigue/poisoning, 15-17
 

in compressed water, 103-104
 
continuous, 127-128
 
cyclohexene ro cyclohexane
 

polysiloxane-supponed noble metal 
catalysts, 102
 

discontinuous, 127
 
economic value, 1
 
European posttreatment, 142
 
facrors affecting, 31
 
fatty acids
 

chain length/unsaturation, 2-4
 
general overview, 1-2
 

hydrogen dispersion, 9-12
 
hydrogen pressure, 12-13
 
impact of double bonds on, 30-31
 
isomer formation
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general overview, 159-160
 
hisrorical aspects, 160-163
 
mechanism, 163-168
 

isomerization (general overview) of, 
5-9
 

methylated sunflower oil, 88
 
nonfat components (general overview)
 

of, 4-5
 
order of reaction, 17
 
other routes, 32-33
 
reaction of, 5
 
selectivity
 

estimation of, 21-27
 
meaning, 17-18
 
miscellaneous, 20-21
 
operation of, 27-30
 
selectivity 1(5

1
), 18-19
 

selectivity II (5
11
), 19
 

specific isomerization (51)' 19
 
triglyceride selectivity (51)' 19-20
 

supercritical 
patents involving, 104-106
 

switch point and, 359
 
temperature, 12-13
 
three-dimensional phase equilibria
 

FAME, 88
 
triglycerides (general overview) of, 1-2
 

Hydrogenation facility. See Facilities
 
Hydrogenation methods
 

beef tallow
 
characteristics/FA range, 196-198
 
fully-hardened hydrogenation,
 

198-201
 
ultra-light hydrogenation, 198
 

casror oil
 
characteristics/FA range, 270-271
 
hydrog~nation, 271-273
 

cleansing of oils prior ro, 192-194
 
coconut oil
 

characteristics/FA range, 201-202
 
normal hydrogenation/full
 

saturation, 202-203
 
ultra-light hydrogenation, 202
 

cottonseed oil
 
characteristics/FA range, 203-205
 
higher melting/fully-saturated
 

hardened oils, 206-207
 

iso-/ tram-suppressive hydrogenatiol
 
204-205
 

normal hydrogenation, 205-206
 
fat! oil variability and, 189-190
 
fatty acids (FAs)
 

auroclave considerations, 273-274
 
catalysts, 274, 276-277
 
cleansing, 277
 
temperature/pressure, 274-276
 

grapeseed oil
 
characteristics/FA range, 207
 
normalliso-/trans-promoting 

hydrogenation, 208
 
groundnut (Arachis/peanut) oil
 

characteristics/FA range, 208-210
 
higher melting/fully-saturated
 

hardened oils, 212-213
 
iso-Itrans-promoting hydrogenation, 21
 
iso-/ trans-suppressive hydrogenatiol
 

210-211
 
normal hydrogenation, 211-212
 

lard and, 194-196
 
linseed oil
 

characteristics/FA range, 213-214
 
higher melting hardened oils, 214
 
two-stage hydrogenation, 215
 

maize (corn oil)
 
characteristics/FA range, 215-216
 
normalliso-/trans-promoting 

hydrogenation, 216-217
 
normal versus low-temperature
 

hydrogenation, 217
 
marine oils
 

characteristics/FA range, 252-254
 
marine oils (anchovy/pilchard oils)
 

characteristics/FA range, 258,
 
263-265
 

higher melting/fully-saturated
 
hardened oils, 257
 

normal hydrogenation, 265
 
two-stage hydrogenation, 265
 

marine oils (capelin oil)
 
characteristics/FA range, 258,
 

260-261
 
marine oils (fish liver oils)
 

characteristics/FA range, 258, 261
 
hydrogenation, 262
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iso-/trans-suppressive hydrogenacion,
 
204-205
 

normal hydrogenacion, 205-206
 
far/oil variabiJiry and, 189-190
 
farry acids (FAs)
 

auroclave considerarions, 273-274
 
caralysrs, 274, 27~277
 

cleansing, 277
 
remperarure/pressure, 274-276
 

grapeseed oil
 
characrerisrics/FA range, 207
 
normalliso-/trans-promocing
 

hydrogenacion, 208
 
groundnur (Arachis/peanur) oil
 

characrerisrics/FA range, 208-210
 
higher melting/fully-sarurared
 

hardened oils, 212-213
 
iso-Itrans-promoting hydrogenation, 212
 
iso-/trans-suppressive hydrogenarion,
 

210-211
 
normal hydrogenarion, 211-212
 

lard and, 194-1 96
 
linseed oil
 

characreristics/FA range, 213-214
 
higher melcing hardened oils, 214
 
rwo-srage hydrogenarion, 215
 

maize (corn oil)
 
characrerisrics/FA range, 215-216
 
normalliso-/trans-promocing 

hydrogenarion, 21 ~217
 

normal versus low-remperarure
 
hydrogenacion, 217
 

marine oils
 
characrerisrics/FA range, 252-254
 

marine oils (anchovy/pilchard oils)
 
characrerisrics/FA range, 258,
 

263-265
 
higher melcing/fully-sarurared
 

hardened oils, 257
 
normal hydrogenarion, 265
 
rwo-srage hydrogenarion, 265
 

marine oils (capelin oil)
 
characreriscics/FA range, 258,
 

260-261
 
marine oils (fish liver oils)
 

characrerisrics/FA range, 258, 261
 
hydrogenarion, 262
 

marine oils (general)
 
hydrogenacion, 254-258
 

marine oils (herring oil)
 
characrerisrics/FA range, 257-259
 
higher melring/fully-sarurared
 

hardened oils, 260
 
iso-/ trans-promoting hydrogenarion,
 

260
 
normal hydrogenation, 259-260
 
rwo-srage hydrogenarion, 259
 

marine oils (sardine/menhaden oils) 
higher melringlfully-sarurared 

hardened oils, 258, 26~269
 

normal hydrogenarion, 269
 
rwo-srage hydrogenarion,
 

268-269
 
marine oils (whale/seal/sea elepham
 

oils)
 
characrerisrics/FA range, 258,
 

262-263
 
hydrogenarion, 263
 

olive oil
 
characrerisrics/FA range, 217-218
 
hydrogenarion, 218-219
 

palm-kernel oil
 
characreriscics/FA range, 224-225
 
fracrionarion, 22~227
 

melring poine/SFI, 225-226
 
normal hydrogenarion, 22~227
 

palm oil
 
characrerisrics/FA range, 219-222
 
higher melring/fully-sarurared
 

hardened oils, 224
 
iso-/trans-promoring hydrogenarion,
 

223-224
 
normal hydrogenarion, 222-223
 

process control, 190-192
 
rapeseed (colza) oil
 

hardened/wimerized,243
 
higher melring/fully-sarurared
 

hardened oils, 246
 
iso-/trans-promocing hydrogenarion,
 

245-246
 
iso-/ trans-suppressive hydrogenacion,
 

243-244
 
normal hydrogenarion, 244-245
 
rwo-srage hydrogenacion, 242-243
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Hydrogenation methods (continued)
 
rapeseed 0 iI
 

characteristics/FA range, 227-232
 
higher melting/fully-saturated
 

hardened oils, 235
 
i50-/trans-promoting hydrogenation,
 

235
 
i50-/trans-suppressive hydrogenation,
 

233
 
low-temperature hydrogenation,
 

232-233
 
normal hydrogenation, 233-234
 
two-stage hydrogenation, 235
 

rice bran oil
 
characteristics/FA range, 235-237
 

saillower oil
 
characteristics/FA range, 237-238
 

sesame oil
 
characteristics/FA range, 238-240
 

soybean oil
 
characteristics/FA range. 240-242
 
low-temperature hydrogenation,
 

242
 
sunflower oil
 

characteristics/FA range, 246--248
 
higher melting/fully-saturated
 

hardened oils, 251
 
i50-/trans-promoting hydrogenation,
 

251
 
i50-/trans-suppressive hydrogenation,
 

249-250
 
low-temperature hydrogenation,
 

248-249
 
normal hydrogenation, 250
 
two-stage hydrogenation, 250-251
 

teaseed/tomato seed/oleic-linoleic class
 
oils
 

characteristics/FA range, 251
 
technical oils (soap-making)
 

hydrogenation, 278
 
"Hydrogenation of Substrate and Products
 

Manufactured According to the
 
Process" (patent), 105
 

Hydrogenation process techniques
 
batch (dead-end/circulating), 35-36
 
brush, 38-39
 
continuous (fixed-bed), 36--37
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continuous (suspended), 37-38
 
cyclization/polymerization, 41-43
 
flash, 38-39
 
higher melting/fully-saturated
 

hardened oils, 47
 
iso-/trans-promoting, 44-46
 
iso-/trans-suppressive, 40-41
 
low-temperature, 40
 
normal, 41
 
process techniques
 

batch (dead-end/circulating),
 
35-36
 

brush, 38-39
 
consistent quality, 47-48
 
continuous (fixed-bed), 36--37
 
continuous (suspended), 37-38
 
cyclization/polymerization, 41-43
 
flash, 38-39
 
higher melting/fully-saturated
 

hardened oils, 47
 
i50-/trans-promoting, 44--46
 
i50-/trans-suppressive, 40-41
 
low-temperature, 40
 
normal,41
 
requirements, 33-34
 
touch, 38-39
 
two-stage, 43-44
 
ultra-light, 38-39
 

touch, 38-39
 
two-stage, 43-44
 
ultra-light, 38-39
 

Hydroxy fatty acids, quality and control
 
testing and, 343
 

I
 
Ignition, safety and, 320-321
 
Impurities. See also Quality
 

circulation distribution system and,
 
113
 

classes of, 149
 
fixed-bed catalyst and, 36--37
 
oil segregation and, 134
 

"In situ Mitigation of Coke Buildup in
 
Porous Catalysts by Pretreatment
 
of Hydrocarbon Feed to
 
Reduce Peroxides and Oxygen
 
Impurities" (patent), 106
 

Incipient fusion, quality and control
 
testing and, 335
 

Induction, catalyst action and, 15-17
 
Industrial plants, supercritical fluid
 

hydrogenation and, 107
 
Internal recycle reactor, 63-64
 
Iodine Value (IV)
 

and activity of catalysts, 170-171,
 
351
 

defined, 362
 
e1ectrocatalytic hydrogenation
 

soybean oil (partially hydrogenate
 
303
 

and hydrogen concentration on caraJ
 
surface, 166--168
 

and hydrogen requirements, 158
 
low trans hydrogenation and, 307,
 

309-310
 
quality and control testing and,
 

330-331
 
Iron, quality and, 152
 
Isco SFX-2-10 extractor module, 93
 
150-/trans-promoting hydrogenation
 

grapeseed oil, 208
 
groundnut (Arachis/peanut) oil, 212
 
maize (corn oil), 216--217
 
marine oils (herring oil), 260
 
palm oil, 223-224
 
process techniques, 44-46
 
rapeseed (colza) oil, 245-246
 
rapeseed oil, 235
 
SFC curve and, 45
 
sunflower oil, 251
 

150/trans-promotive, hydrogenation
 
process techniques, 44-46
 

150-/trans-suppressive, hydrogenation
 
process techniques. 40-41
 

Isomerization (general overview)
 
hydrogenation and, 5-9
 

Isomers
 
formation during hydrogenation
 

general overview, 159-160
 
historical aspects, 160-163
 
mechanism, 163-168
 

trans FA isomers
 
e1ecrrocatalytic hydrogenation
 

reaction, 284
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Induction, catalyst action and, 15-17
 
Industrial plams, supercritical fluid
 

hydrogenation and, 107
 
Imernal recycle reactor, 63-64
 
Iodine Value (IV)
 

and activity of catalysts, 170-171,
 
351
 

defined, 362
 
e1ecrrocatalytic hydrogenation
 

soybean oil (partially hydrogenated),
 
303
 

and hydrogen concemration on catalyst
 
surface, 166-168
 

and hydrogen requiremems, 158
 
low trans hydrogenation and, 307,
 

309-310
 
quality and comrol testing and,
 

330-331
 
Iron, quality and, 152
 
Isco SFX-2-10 exrractor module, 93
 
150-/trans-promoting hydrogenation
 

grapeseed oil, 208
 
groundnur (Arachts/peanur) oil, 212
 
maize (corn oil), 216-217
 
marine oils (herring oil), 260
 
palm oil, 223-224
 
process techniques, 44-46
 
rapeseed (colza) oil, 245-246
 
rapeseed oil, 235
 
SFC curve and, 45
 
sunflower oil, 251
 

Iso/ trans-promotive, hydrogenation
 
process techniques, 44-46
 

150-/trans-suppressive, hydrogenation
 
process techniques, 40-41
 

Isomerization (general overview)
 
hydrogenation and, 5-9
 

Isomers
 
formation during hydrogenation
 

general overview, 159-160
 
historical aspects, 160-163
 
mechanism, 163-168
 

trans FA isomers
 
elecrrocatalytic hydrogenation
 

reaction, 284
 

Isophorone to trimethylcyclohexanone 
hydrogenation 

SC-COz,106 

K 
Kieselguhr, as silica source, 179-180
 
Kirschner values, quality and control
 

testing and, 344
 

L 
Lard, hydrogenation methods for, 194­


196
 
Laser pyrolysis
 

quality and control testing and, 348
 
Lauric oils
 

facilities
 
separate handling, 134
 

Leaks in, safety and, 320
 
Leaks out, safety and, 319-320
 
Light
 

odor/flavor/color and, 38-39
 
and precaurions/protection from
 

oxidation, 136
 
Linoleate (L), hydrogenation and, 22
 
Linoleic acid
 

adsorbed trans isomer of, 165-166
 
Linoleic acid selectivity
 

isomer formation
 
general overview, 18
 
historical aspects, 162
 
sunflower seed oil, 166-168
 

Linolenate (Ln)
 
hydrogenation of, 22
 

Linolenic acid (triunsaturate)
 
isomer formation
 

historical aspeqs, 162
 
selectivity II (SI) and, 19
 

Linseed oil
 
hydrogenation
 

initial/final oil concemrations, 22
 
hydrogenation methods
 

characteristics/FA range, 213-214
 
higher melting hardened oils, 214
 
two-stage hydrogenation, 215
 

Lipase catalysts, supercritical
 
hydrogenation coupled processes,
 
92-93
 



408 

Liquid chromatography {LC)/liquid­

liquid chromatography/partition
 
chromatography, quality and
 
control testing and, 346-347
 

liquid-solidiadsorption chromatography,
 
quality and control testing and,
 
347
 

Loop reactor, autoclave design, 124-127
 
Low-temperature, hydrogenation process
 

techniques, 40
 
Low trans hydrogenation
 

and catalysts for reduced trans FAs, 309
 
effects of agitation on, 306-307
 
effects of pressure on, 307-308
 
effects of temperature on, 306-307
 
general overview/historical aspects,
 

305-306
 
low IV oils and, 307, 309-310
 
modified nickel catalysts for, 309, 311
 
via catalyst switching strategy, 311-312
 

Lurgi system
 
autoclave design, 127-128
 

M 
Maize
 

hydrogenation
 
initial/final oil concentrations, 22
 

Maize (corn oil)
 
hydrogenation methods
 

characteristics/FA range, 215-216
 
normaViso-/trans-promoting
 

hydrogenation, 216-217
 
normal versus low-temperature
 

hydrogenation, 217
 
Marine oils
 

facilities
 
separate handling, 134-135
 

hydrogenation methods
 
characteristics/FA range, 252-254
 

Marine oils (anchovy/pilchard oils)
 
hydrogenation methods
 

characteristics/FA range, 258,
 
263-265
 

higher melting/fully-saturated
 
hardened oils, 257
 

normal hydrogenation, 265
 
two-stage hydrogenation, 265
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Marine oils (capelin oil)
 
hydrogenation methods
 

characteristics/FA range, 258,
 
260-261
 

Marine oils (fish liver oils)
 
hydrogenation methods
 

characteristics/FA range, 258, 261
 
hydrogenation, 262
 

Marine oils (general)
 
hydrogenation methods
 

hydrogenation, 254-258
 
Marine oils (herring oil)
 

hydrogenation methods
 
characteristics/FA range, 257-259
 
higher melting/fully-saturated
 

hardened oils, 260
 
iso-/trans-promoting hydrogenation,
 

260
 
normal hydrogenation, 259-260
 
two-stage hydrogenation, 259
 

Marine oils (sardine/menhaden oils) 
hydrogenation methods 

higher melting/fully-saturated 
hardened oils, 258, 266-269
 

normal hydrogenation, 269
 
two-stage hydrogenation, 268-269
 

Marine oils (whale/seal/sea elephant oils)
 
hydrogenation methods
 

characteristics/FA range, 258,
 
262-263
 

hydrogenation, 263
 
Mass spectrometry (MS), quality and
 

control testing and, 348
 
Melting point
 

quality and control testing and, 335
 
Melting tests
 

quality an<! control
 
cloud point, 336
 
complete fusion/melting point/clear
 

point/FAC melting point, 335
 
congeal point, 336
 
differential thermal analysis (DTA),
 

338
 
dilatations/solid-fat index, 336-337
 
drop/flow/pour points, 336
 
incipient fusion, 335
 
SFC over temperature range, 335
 

slip melting point, 335
 
solid-fat content (SFC) determine
 

by NMR, 337-338
 
titer, 336
 
Wiley melting point, 336
 

Membrane-Electrode-Assembly (MEA), 
289
 

Membrane reactors, 63-65
 
Menhaden/sardine oils
 

hydrogenation methods 
higher melting/fully-saturated 

hardened oils, 258, 266-269
 
normal hydrogenation, 269
 
two-stage hydrogenation, 268-265
 

Methane, as common impurity, 149
 
Methanol, feedback into SFR process,
 

92,94
 
Methyl palmitate
 

phase behavior and, 68
 
supercritical n-butane model study,
 

91-92
 
Mixed triglyceride, 2
 
Multiple syringe pump system
 

FAME to fatty alcohols 
binary fluid mixtures SC-H/C02 ( 

SC-H/C H 8,94-95
3


N 
N-butane model study, and hydrogenati'
 

of methyl palmitate, 91-92
 
Nanoparticles with catalytic activity
 

hydrogenation and, 103
 
research and, 107
 

National Center for Agricultural 
Utilization Research, 107
 

Neat fatty acids, versus FAMEs, 99
 
Nickel-catalyst poisons, as minor
 

component of fats/oils, 4
 
Nickel catalysts. See also Catalysts
 

commercial, 183
 
consumption/poisoning, 362
 
enhancement of, 176
 
general overview, 176
 
hydrogenation
 

historical aspects, 160-161
 
induction and, 16
 
isomer formation and, 159
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slip melting point, 335
 
solid-fat content (SFC) determined
 

by NMR, 337-338
 
titer, 336
 
Wiley melting point, 336
 

Membrane-Electrode-Assembly (MEA), 
289
 

Membrane reactors, 63-65
 
Menhaden/sardine oils
 

hydrogenation methods
 
higher melting/fully-saturated
 

hardened oils, 258, 266-269
 
normal hydrogenation, 269
 
cwo-stage hydrogenation, 268-269
 

Methane, as common impurity, 149
 
Methanol, feedback into SFR process,
 

92,94
 
Methyl palmitate
 

phase behavior and, 68
 
supercritical n-butane model study,
 

91-92
 
Mixed triglyceride, 2
 
Multiple syringe pump system
 

FAME to fatty alcohols
 
binaty fluid mixtures SC-H/Co

2 
or
 

SC-H/C3H s' 94-95
 

N 
N-butane model study, and hydrogenation
 

of methyl palmitate, 91-92
 
Nanoparticles with catalytic activity
 

hydrogenation and, 103
 
research and, 107
 

National Center for Agricultural 
Utilization Research, 107
 

Neat fatty acids, versus FAMEs, 99
 
Nickel-catalyst poisons, as minor
 

component of fats/oils, 4
 
Nickel catalysts. S~~ also Catalysts
 

commercial, 183
 
consumption/poisoning, 362
 
enhancement of, 176
 
general overview, 176
 
hydrogenation
 

historical aspects, 160-161
 
induction and, 16
 
isomer formation and, 159
 

modified for low trans hydrogenation, 
309,311
 

pore diameters of, 28-30
 
recovety and, 182-183
 
trans-promoting/reusable, 145
 

Nickel concentration, and hydrogenation
 
rates at different stirring speeds,
 
14-15
 

Nitriles, Deloxan AP III1% Pd catalysis
 
and, 103
 

Nitrobenzenes, Deloxan AP II/I % Pd
 
catalysis and, 103
 

Nitrogen
 
as common impurity, 149
 
and precautions/protection from
 

oxidation, 137
 
Noble metals, catalysts and, 178-179
 
Nonfat components (general overview),
 

4-5
 
Normal, hydrogenation process
 

techniques, 41
 
Northern Regional Research Center
 

(NRRC), 107, 175
 
Novozym SP 435,97-98
 
Nysosel, 183-184
 

o 
Odor
 

light hydrogenation and, 38-39
 
Odor intensity scores
 

e1ectrocatalytic hydrogenation
 
soybean oil (partially hydrogenated),
 

301-302
 
Off flavors, trans plus terminal aldehyde/
 

ketone group and, 9
 
Oil protection, facilities and, 135-137
 
Oil segregation, facilities and, 133-135
 
Olefinic organic compound
 

e1ectrocatalytic hydrogenation reaction
 
of, 281
 

Oleic-linoleic class oils
 
hydrogenation methods
 

characteristics/FA range, 251
 
Olive oil
 

hydrogenation methods
 
characteristics/FA range, 217-218
 
hydrogenation, 218-219
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Order of reaction, 17
 
Oven/Schaal Test, quality and control
 

testing and, 342
 
Oxidation. See also Rate of oxidation
 

catalysts
 
stabilization/passivation, 174
 

precautions/protection from, 136-137
 
storage of catalysts and, 182
 

Oxidation and stability testing 
quality and control 

2-thiobarbituric acid (TBA) test, 
342
 

anisidine value (AnY), 341
 
fire point, 343
 
flash point, 343
 
mechanism, 339
 
Oven/Schaal Test, 342
 
peroxide value (PY), 340
 
Quality Test, 342
 
Rancimat Test, 341-342
 
relevance, 338-339
 
significance of oxidation tests, 340
 
smoke point, 343
 
specifications of present state/
 

resistance to further, 340
 
Spectrometric Test, 342-343
 
Swift Test/Swift Life/active oxygen
 

method, 341
 
Sylvester Test/Barcroft-Warburg
 

Test/Eckey method, 342
 
Oxidized oil, as catalyst poison,
 

135-137
 
Oximes, Deloxan AP III 1% Pd catalysis
 

and, 103
 
Oxo process, fatty alcohol production
 

and, 85
 
Oxygen
 

impurities and, 151
 
safety and, 317-320
 

p 

Packed bed reactor
 
FAME
 

Cu-Cr catalysts, 87-88
 
Palm-kernel oil
 

hydrogenation methods
 
characteristics/FA range, 224-225
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fractionation, 226-227
 
melting point/SFI, 225-226
 
normal hydrogenation, 226-227
 

Palm oil 
hydrogenation methods
 

characteristics/FA range, 219-222
 
higher melting/fully-saturated
 

hardened oils, 224
 
i50-/trans-promoting hydrogenation,
 

223-224
 
normal hydrogenation, 222-223
 

Passivation, catalysts, 174-175
 
Patents, 104-106, 109
 
Peanut oil
 

hydrogenation methods
 
characteristics/FA range, 208-210
 
higher melting/fully-saturated
 

hardened oils, 212-213
 
i50-/trans-promoting hydrogenation,
 

212
 
i50-/trans-suppressive hydrogenation,
 

210-211
 
normal hydrogenation, 211-212
 

Pereda, Selva, 69
 
Peroxide value (PY), quality and control
 

testing and, 340
 
Peroxides, and precautions/protection
 

from oxidation, 137
 
Phase equilibria studies
 

of Bottini-Brignole-Perada-Peters­
Rovetto,69
 

EOS and, 68
 
FAMES and, 68
 
thermodynamics and, 67
 
view cell, 65-66
 

Phenols, Deloxan AP 1111 % Pd catalysis 
and, W3
 

Phospholipids, poisoning action of, 173
 
Pigments and hydrogenation, 4
 
Pilchard/anchovy oils
 

hydrogenation methods
 
characteristics/FA range, 258,
 

263-265
 
higher melting/fully-saturated
 

hardened oils, 257
 
normal hydrogenation, 265
 
rwo-stage hydrogenation, 265
 

Poisoning. See also Catalysts; Nickel 
catalysts
 

catalyst action and, 15-17
 
catalysts and, 171-174
 
and hydrogen concentration on catal
 

surface, 165
 
nickel consumption and, 362
 

Polenske values, quality and control
 
testing and, 344
 

Polishing filters, 142
 
Polybromides, quality and control testin
 

and, 331
 
Polymer formation, upon hydrogenatiOi
 

43
 
Polymorphs, 364-365
 
Polysiloxane-supported noble metal
 

catalysts 
continuous flow reactors 

SC-C0
2
,102 

Polyunsaturation, as preliminaty to 
hydrogenation, 41
 

Pore diameters, of nickel catalyst, 28-31
 
Positional isomerisation
 

geometrical isomerisation and, 160
 
triglycerides and, 363-364
 

Power consumption (PC)
 
electrocatalytic hydrogenation reacti<
 

of, 283
 
Pressure
 

autoclave safety
 
relative pressure levels, 322-323
 

effect on low trans hydrogenation,
 
307-308
 

filtration control and, 141
 
and hydrogenation in compressed
 

water, 104
 
hydrogenation methods, 274-276
 
and moisture content of saturated ga
 

149-150
 
and phase behavior for reactant feedJ
 

product flow, 65-66
 
and split of reaction mixture into
 

phases, 89-90
 
substrate concentration
 

reaction rates, 102
 
Process techniques. See Hydrogenation
 

process techniques
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Poisoning. See also Catalysts; Nickel
 
catalysts
 

catalyst action and, 15-17
 
catalysts and, 171-174
 
and hydrogen concentration on catalyst
 

surface, 165
 
nickel consumption and, 362
 

Polenske values, quality and control
 
testing and, 344
 

Polishing filters, 142
 
Polybromides, quality and control testing
 

and,331
 
Polymer formation, upon hydrogenation,
 

43
 
Polymorphs, 364-365
 
Polysiloxane-supponed noble metal
 

catalysts
 
continuous flow reactors
 

SC-C0
2
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Polyunsaturation, as preliminary to
 
hydrogenation, 41
 

Pore diameters, of nickel catalyst, 28-30
 
Positional isomerisation
 

geometrical isomerisation and, 160
 
triglycerides and, 363-364
 

Power consumption (PC)
 
e1ectrocatalytic hydrogenation reaction
 

of, 283
 
Pressure
 

autoclave safety
 
relative pressure levels, 322-323
 

effect on low trans hydrogenation,
 
307-308
 

filtration control and, 141
 
and hydrogenation in compressed
 

water, 104
 
hydrogenation methods, 274-276
 
and moisture content of saturated gas,
 

149-150
 
and phase behavior for reactant feed/
 

product flow, 65-66
 
and split of reaction mixture into
 

phases, 89-90
 
substrate concentration
 

reaction rates, 102
 
Process techniques. See Hydrogenation
 

process techniques
 

Production rate (PR)
 
e1ectrocatalytic hydrogenation reaction
 

of, 283
 
Production rate (PR)/power consumption
 

for PEM reactor
 
e1ectrocatalytic hydrogenation
 

soybean oil with H 
2 

gas, 299-300
 
Propane
 

as supercritical fluid
 
amine-containing substrates, 103
 

Proprionic acid, 2
 
Purchase, 352
 

Q
 
Quality
 

bipolar e1ectrolyzers and, 154
 
classes ofimpurities, 149
 
CO and, 149-152
 
consistence in, 47-48
 
electrolytic hydrogen and, 152-153
 
hydrocarbon reforming and, 156-157
 
and hydrogen requirements, 158
 
moisture content of saturated gas
 

temperature/pressure, 149-152
 
and purchase of hydrogen, 157-158
 
security and, 155-156
 
steam iron hydrogen and, 152
 
unipolar electrolyzers and, 153
 
water supply and, 154
 

Quality and control
 
classification of tests, 329
 
melting
 

cloud point, 336
 
complete fusion/melting point/clear
 

pointlFAC melting point, 335
 
congeal point, 336
 
differential thermal analysis (DTA),
 

338
 
dilatations/solid-fat index, 336-337
 
droplflow/pour points, 336
 
incipient fusion, 335
 
SFC over temperature range, 335
 
slip melting point, 335
 
solid-fat content (SFC) determined
 

by NMR, 337-338
 
titer, 336
 
Wiley melting point, 336
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Quality and control (continued) 
miscellaneous 

atomic absorption (AA) 
spectrophotometry, 349
 

color values, 349-350
 
fuel OD contamination, 344
 
gas chromatography (GC)/gas­

liquid chromatography (GLC),
 
345-346
 

gas spectrometry-mass spectrometry
 
(GC-MS),348
 

gel permeation chromatography
 
(GPC),347
 

glass capillary chromatography, 347
 
high-performance liquid
 

chromatography, 347
 
hydroxy fatty acids, 343
 
laser pyrolysis, 348
 
liquid chromatography (LC)/liquid­


liquid chromatography/partition
 
chromatography, 346-347
 

liquid-solidiadsorption
 
chromatography, 347
 

mass spectrometry (MS), 348
 
Reichert-MeissllPolenske/Kirschner
 

values, 344
 
thin-layer chromatography, 347
 

oxidation and stability
 
2-thiobarbiruric acid (TBA) test, 342
 
anisidine value (AnV), 341
 
fire point, 343
 
flash point, 343
 
mechanism, 339
 
Oven/Schaal Test, 342
 
peroxide value (PV), 340
 
Quality Test, 342
 
Rancimat Test, 341-342
 
relevance, 338-339
 
significance of oxidation tests, 340
 
smoke point, 343
 
specifications of present statel
 

resistance to further, 340
 
Spectrometric Test, 342-343
 
Swift Test/Swift Life/active oxygen
 

method, 341
 
Sylvester TesrlBarcroft-Warburg
 

Test/Eckey method, 342
 

Index 

saponifiable matter
 
acid value (AV), 330
 
ester value (EV), 330
 
FFA(%), 329-330
 
saponification value (SV), 330
 
unsaponifiable matter (%), 330
 

unsaturation
 
alkali isomerization, 332-333
 
iodine value (IV), 330-331
 
polybromides, 331
 
refractive index (n'l D)' 333-334
 
tram index, 331-332
 

Quality Test, quality and control testing
 
and, 342
 

R 
Radiallaxial flow
 

autoclave design, 118, 121-124
 
Radial reactor
 

soybean oil
 
Raney nickel cathode
 

(electrocatalytic hydrogenation),
 
287-288
 

Rancimat Test, quality and control testing
 
and, 341-342
 

Raney nickel
 
catalysts and, 176
 

Raney nickel cathode (electrocatalytic
 
hydrogenation)
 

soybean oil
 
batch recycle reaction loop, 285­


286
 
current density/electrolyte oil
 

content, 286-287
 
drawbacks, 288-289
 
FA profilesltram isomer content,
 

286-288
 
initial experiments, 284-285
 
radial reactor, 287-288
 
schematic, 285
 
solid polymer electrolyte (SPE)
 

reactor, 288-289
 
Rapeseed (colza) oil
 

hydrogenation methods
 
hardened/winterized, 243
 
higher melting/fully-saturated
 

hardened oils, 246
 

iso-Itrans-promoting hydrogenatic
 
245-246
 

iso-Itrans-suppressive hydrogenati
 
243-244
 

normal hydrogenation, 244-245
 
two-stage hydrogenation, 242-24
 

Rapeseed oil
 
continuous partial hydrogenation of
 

methylated, 90-91
 
and deodorization following alkali
 

neutralization, 4
 
hydrogenation methods 

characteristics/FA range, 227-23: 
higher melting/fully-saturated 

hardened oils, 235
 
iso-Itmns-promoting hydrogenation,
 
iso-Itrans-suppressive hydrogenati
 

233
 
low-temperature hydrogenation,
 

232-233
 
normal hydrogenation, 233-234
 
two-stage hydrogenation, 235
 

Rate of oxidation, degree of unsaturati( 
temperature on, 136
 

Ratio oil depth, autoclave design and, 1
 
Reaction
 

of hydrogenation, 5
 
order of, 17
 

Reaction rates
 
circulation system control of, 112
 
isomer formation
 

historical aspects, 163
 
loop hydrogenation reaaor and, 12(
 
patents and, 105
 

Reactions 
electrocatalytic hydrogenation
 

anode, 281
 
cathode, 281
 
current efficiency, 282-283
 
extent of hydrogenationlselectivit
 

284
 
overall olefinic organic compounc
 

281
 
power consumption (PC), 283
 
production rate (PR), 283
 
side, 281-282
 
trans FA isomers, 284
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iso-Itrans-promodng hydrogenation,
 
245-246
 

iso-Itrans-suppressive hydrogenation,
 
243-244
 

normal hydrogenation, 244-245
 
two-stage hydrogenation, 242-243
 

Rapeseed oil
 
continuous partial hydrogenation of
 

methylated, 90-91
 
and deodorization following alkali
 

neutralization, 4
 
hydrogenation methods
 

characteristics/FA range, 227-232
 
higher meltinglfully-saturated
 

hardened oils. 235
 
iro-Itntnr-promoting hydrogenation, 235
 
iso-/trans-suppressive hydrogenadon,
 

233
 
low-temperature hydrogenation.
 

232-233
 
normal hydrogenation, 233-234
 
two-stage hydrogenation, 235
 

Rate of oxidation, degree of unsaturadon/ 
temperature on, 136
 

Ratio oil depth, autoclave design and. 130
 
Reaction
 

of hydrogenation, 5
 
order of, 17
 

Reaction rates
 
circuladon system control of, 112
 
isomer formation
 

historical aspects, 163
 
loop hydrogenation reactor and, 126
 
patents and, 105
 

Reactions 
e1ectrocatalytic hydrogenadon
 

anode, 281
 
cathode, 281
 
current efficiency, 282-283
 
extent of hydrogenation/selectivities,
 

284
 
overall olefinic organic compound,
 

281
 
power consumpdon (PC), 283
 
production rate (PR), 283
 
side, 281-282
 
trans FA isomers, 284
 

hydrogenation 
mechanism, 164
 

reforming. 156
 
shift, 156
 

Reactors, 88
 
advantage of continuous, 61-62
 
batch, 62-63
 
consecutive, 88
 
continuous internal recycle. 63-64
 
membrane, 63-65
 
packed bed reactor
 

Cu-Cr catalysts, 87-88
 
Robinson-Mahoney type-reactor, 63
 
trickle bed reactor
 

space--time yields with Deloxan AP
 
IIIl% Pd, 86
 

Recovery
 
catalyst production and, 182-183
 

Reduction
 
low trans hydrogenation
 

strategies, 305-306
 
Reducdon, wet/dry, catalyst production
 

and,179-181
 
Refractive index (n'lD)' quality and
 

control tesdng and, 333-334
 
Refractometer
 

activity appararus standardization and, 352
 
consistent quality and, 48
 

Reichert-MeissllPolenskelKirschner 
values, quality and control testing 
and,344 

Research
 
supercritical fluid hydrogenation.
 

106-109
 
Rice bran oil
 

hydrogenation methods
 
characteiistics/FA range, 235-237
 

Ricinoleic acid, 2
 
Robinson-Mahoney type-reactor, 63
 

S
 
Safety/security
 

autoclaves
 
conforming features, 321
 
opening. 322-324
 
relative pressure levels, 322-323
 
vent featureslsafety valves, 322
 



414 

Safety/security (continued) 
common precautions
 

ignition, 320-321
 
leaks in, 320
 
leaks out, 319-320
 

equipment and, 31~317
 

hydrogen and, 317-319
 
hydrogen receipt by road/rail, 326
 
hydrogen storage
 

high-pressure stores, 326
 
low-pressure stores, 324-325
 

personnel and, 316
 
static charges/electrical equipment, 327
 

Safflower oil
 
hydrogenation methods
 

characteristics/FA range, 237-238
 
Saponifiable matter tests
 

quality and control
 
acid value (AV), 330
 
ester value (EV), 330
 
FFA(%), 329-330
 
saponification value (SV), 330
 
unsaponifiable matter (%), 330
 

Saponification value (SV)
 
quality and control testing and, 330
 

Sardine/menhaden oils
 
hydrogenation methods
 

higher melting/fully-saturated
 
hardened oils, 258, 26~269
 

normal hydrogenation, 269
 
rwo-stage hydrogenation, 268-269
 

Saturates. See also Fully-saturated/high
 
melting hardened oils
 

hydrogenation
 
conditions promoting, 45
 

SC-C0
2
 

historical aspects of research, 109
 
SC/C0

2
 
supercritical hydrogenation coupled
 

processes
 
acetophenone, 99
 

SC-H/C0
2 

or SC-H/C
3
H s' binary fluid
 

mixtures
 
supercritical hydrogenation coupled
 

processes
 
FAME to fatty alcohols, 93-95
 
GC profiles, 9~97
 

Index 

Schaal/Oven Test
 
quality and control testing and, 342
 

Sea elephant/whale/seal oils
 
hydrogenation methods
 

characteristics/FA range, 258,
 
262-263
 

hydrogenation, 263
 
Seal/sea elephant/whale oils
 

hydrogenation methods
 
characteristics/FA range, 258,
 

262-263
 
hydrogenation, 263
 

Security. See also Safety/security
 
hydrogen migration/deterioration and,
 

155-156
 
Segregation. See Oil segregation
 
Selectivity. See also Nickel catalysts
 

to assess different hydrogenation 
results, 81
 

and available hydrogen, 27-28
 
catalyst durability and, 172
 
catalysts and, 175-176
 
continuous (suspended) hydrogenation
 

and, 38
 
defined, 362-363
 
electrocatalytic hydrogenation
 

solid polymer electrolyte (SPE)
 
reactor, 295
 

soybean oil with H 
2 

gas, 298
 
estimation of, 21-27
 
isomer formation
 

historical aspects, 161-162
 
meaning, 17-18
 
miscellaneous, 20-21
 
operation of, 27-30
 
reactions
 

Electrocatalytic hydrogenation, 
284
 

selectivity I (SI)' 18-19
 
selectivity II (SII)' 19, 25-27
 
selectivity (S), 19
 
selectivity (ST)' 19-20
 
specific isomerization (SI)' 19
 
triglyceride selectivity (SI)' 19-20
 
Venturi jet and BUSS system, 38
 

Selectivity I (S,)
 
classification of, 363
 

general overview, 18-19
 
hydrogenation
 

SCI-temperature curves, 23-25
 
Selectivity II (SII)
 

calculation of, 25-27
 
classification of, 363
 
general overview, 19
 

Selectivity ratio (SR), 19
 
Selectivity (S)
 

classification of, 363
 
general overview, 19
 

Selectivity (ST)
 
classification of, 363
 
general overview, 19-20
 

Sequential reaction scheme
 
conversion %, 99
 
SFR-SFR
 

GC profiles, 97-98
 
GC profiles with Novozym SP 43~
 

97-98
 
Sesame oil
 

hydrogenation methods
 
characteristics/FA range, 238-240
 

SFC curve, iso-hrans-promoting
 
hydrogenation and, 45
 

SFC over temperature range
 
quality and control testing and, 335
 

SFR-SFR sequential reaction scheme
 
supercritical hydrogenation coupled
 

processes
 
GC profiles, 97-98
 
GC profiles with Novozym SP 435
 

97-98
 
vegetable oil to fatty alcohol,
 

93-94
 
Shunt reactions, 162-163
 
Side, electrocatalytic hydrogenation
 

reaction of, 281-282
 
Side-mounted propellers ofstorage tank!
 

48
 
Silica
 

catalysts
 
dry reduction, 179-180
 

Silt, 136
 
Simple triglyceride, defined, 1
 
Single-phase systems
 

catalytic performance in, 67
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general overview, 18-19
 
hydrogenation
 

SCI-temperature curves, 23-25
 
Selectivity II (SII)
 

calculation of, 25-27
 
classification of, 363
 
general overview, 19
 

Selectivity ratio (SR), 19
 
Selectivity (S)
 

classification of, 363
 
general overview, 19
 

Selectivity (ST)
 
classification of, 363
 
general overview, 19-20
 

Sequential reaction scheme
 
conversion %, 99
 
SFR-SFR
 

GC profiles, 97-98
 
GC profiles with Novozym SP 435,
 

97-98
 
Sesame oil
 

hydrogenation methods
 
characteristics/FA range, 238-240
 

SFC curve, iso-/trans-promoting
 
hydrogenation and, 45
 

SFC over temperature range
 
quality and control testing and, 335
 

SFR-SFR sequential reaction scheme
 
supercritical hydrogenation coupled
 

processes
 
GC profiles, 97-98
 
GC profiles with Novozym SP 435,
 

97-98
 
vegetable oil to fatty alcohol,
 

93-94
 
Shunt reactions, 162-163
 
Side, electrocatalytic hydrogenation
 

reaction of, 281-282
 
Side-mounted propellers ofstorage tanks,
 

48
 
Silica
 

catalysts
 
dry reduction, 179-180
 

Silt, 136
 
Simple triglyceride, defined, 1
 
Single-phase systems
 

catalytic performance in, 67
 

continuous partial hydrogenation of
 
methylated rapeseed oil, 90-91
 

Slip melting point, quality and control
 
testing and, 335
 

Smoke point
 
quality and control testing and, 343
 

Soap-making oils
 
hydrogenation methods
 

hydrogenation, 278
 
Solid-fat content (SFC) determined by
 

NMR
 
quality and control testing and,
 

337-338
 
Solid Fat Content (SFC), trans
 

isomerisation and, 161
 
Solid fat contentltemperature
 

electrocatalytic hydrogenation
 
soybean oil (partially hydrogenated),
 

303
 
Solid fat index (SF!)
 

hydrogenation
 
catalyst selectivity, 25-26
 

iso-/trans-suppressive hydrogenation
 
and,40-41
 

and low-sulfur catalysts, 44
 
Solid polymer electrolyte (SPE) reactor
 

electrocatalytic hydrogenation
 
efficiency/cell voltage, 291
 
efficiency/selectivity,295
 
FA profiles for canolalcotton seed
 

oil, 293
 
FA profiles for soybean oil,
 

291-292
 
Raney nickel cathode and soybean
 

oil,288-289
 
temperaNre, 293-294
 
trans isomer content for canolal
 

cotton seed oil, 293
 
trans isomer coment!IV for soybean
 

oil,291-292
 
water as anode/oil as cathode, 290
 

Solubility (product/substrate)
 
substrate concentration and, 102
 

Soybean oil
 
catalysts
 

selectivity, 175-176
 
copper catalysts and, 177-178
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Soybean oil (continued)
 
elecerocatalydc hydrogenation with
 

Hz gas
 
FA profiles with modified Pd
 

catalyst cathode, 299-300
 
materials/operating conditions for
 

SPE reacror, 297
 
production rate (PR)/power
 

consumption for PEM reacror,
 
299-300
 

selecdvity, 298
 
temperarure, 295, 297-298
 

farry alcohol
 
sequenriallrwo-step reaction
 

conversion, 93-94
 
hydrogenation
 

initiallfinal oil concenrrations, 22
 
hydrogenation methods
 

characteristics/FA range, 240-242
 
low-temperarure hydrogenation, 242
 

parrially hydrogenated
 
FA composition/chemical and
 

physical analysis, 301-302
 
IV properries, 303
 
low-trans spread oils via blending,
 

304
 
odor inrensity scores, 301-302
 
solid fat conrenrlremperarure, 303
 
trans FA/stearic acid conrenr,
 

303-304
 
Raney nickel cathode (e1ectrocatalyric
 

hydrogenation)
 
batch recycle reaction loop, 285­


286
 
currenr density/electrolyre oil
 

conrenr, 286-287
 
drawbacks, 288-289
 
FA profilesltrans isomer conrenr,
 

286-288
 
initial experimenrs, 284-285
 
radial reacror, 287-288
 
schematic, 285
 
solid polymer electrolyte (SPE)
 

reacror, 288-289
 
solid polymer electrolyte (SPE) reacror
 

efficiency/cell voltage, 291
 
efficiency/selectivity, 295-296
 

Index 

FA profiles for canola/corron seed 
oil,293 

FA profiles for soybean oil, 
291-292
 

temperarure, 293-294
 
trans isomer conrenr for canola/
 

corron seed oil, 293
 
trans isomer conrenr/IV for soybean
 

oil, 291-292
 
water as anode/oil as cathode, 290
 

trans-isomer conrenr of, 176
 
Spe-ed unit, 93
 
Specific isomerization (SI)' selectivity and,
 

19
 
Spectromerric Test, quality and conrrol
 

testing and, 342-343
 
Stability. See Oxidation and stability
 
Stabilization, catalysts, 174-175
 
Stainless steel coils, facilities and, 133
 
Static charges/e1ecrrical equipmenr, safety
 

and,327
 
Steam iron hydrogen
 

quality and, 152
 
Stearic acid
 

hydrogenation properries
 
SBO stearic acid conrenr vs. IV
 

value, 74-75
 
Stearic acid conrenr
 

e1ectrocatalytic hydrogenation
 
soybean oil (parrially hydrogenated),
 

303-304
 
Stills for water, 154
 
Srorage, catalyst production and, 182
 
Srorage offats/oils
 

consistenr quality and, 47-48
 
and precautions/protection from
 

oxidation, 136-137
 
Styrene, hydrogenation in compressed
 

water of, 104
 
Subcritical fluid hydrogenation,
 

imporrance of, 50-53
 
Subsrrate concenrration, and split of
 

reaction mixrure inro phases,
 
89-90
 

Sulfur, 4
 
and adsorbed double bonds, 46
 
catalysts and, 44
 

Sunflower oil 
hydrogenation
 

HPLC pump, 63
 
methylated, 88
 

hydrogenation methods
 
characteristics/FA range, 246-24
 
higher melring/fully-sarurated
 

hardened oils, 251
 
iso-Itrans-promodng hydrogenatj
 

251
 
iso-/trans-suppressive hydrogenat
 

249-250
 
low-temperature hydrogenadon,
 

248-249
 
normal hydrogenation, 250
 
rwo-stage hydrogenation, 250-2
 

Sunflower seed oil 
isomer formation 

linoleic acid selectivity, 166
 
Supercritical fluid extraction (SFE)
 
Supercritical fluid fractionation (SFF)
 

for high purity FFAs, 99
 
Supercritical fluid hydrogenadon
 

coupled processes
 
Iipase/chromium-free catalysts,
 

92-93
 
electrochemical synrhesis, 84-85
 
FAME
 

rwo-phase/single-phase reacdon 
differences, 82
 

imporrance of, 50-53,70-71
 
lipid substrates
 

FAME ro fatty alcohols, 82
 
palm oil in near-criticallsupercridca
 

conditions
 
IV as function of H2lrriglyceride
 

ratio and dme, 83-84
 
IV as function of reacdon
 

temperarure and residence dm
 
at constanr Hz concenrradon,
 
84-85
 

IV/reaction rates as function of 
variables, 82-84
 

patenrs involving, 104-106
 
producdvity
 

Deloxan polysiloxane-supporred
 
Pt catalysts, 80-81
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Sunflower oil 
hydrogenarion
 

HPLC pump, 63
 
merhylared, 88
 

hydrogenarion merhods
 
characrerisrics/FA range, 246-248
 
higher melring/fully-sarurared
 

hardened oils, 251
 
iso-/ trans-promoring hydrogenarion,
 

251
 
iso-/ trans-suppressive hydrogenarion,
 

249-250
 
low-remperarure hydrogenarion,
 

248-249
 
normal hydrogenarion, 250
 
rwo-srage hydrogenarion, 250-251
 

Sunflower seed oil
 
isomer formarion
 

linoleic acid selecriviry, 166
 
Supercrirical fluid exrracrion (SFE) 
Supercrirical fluid fracrionarion (SFF) 

for high puriry FFAs, 99
 
Supercrirical fluid hydrogenarion
 

coupled processes
 
lipase/chromium-free caralysrs,
 

92-93
 
e1ecrrochemical synrhesis, 84-85
 
FAME
 

rwo-phase/single-phase reacrion rare 
differences, 82
 

imporrance of, 50-53, 70-71
 
lipid subsrrares
 

FAME ro farry alcohols, 82
 
palm oil in near-criricallsupercrirical
 

condirions
 
IV as funcrion ofH2/rriglyceride
 

rario and rime, 83-84
 
IV as funcrion of reacrion
 

remperarure and residence rime
 
ar consram Hz concenrrarion,
 
84-85
 

IVIreacrion rares as funcrion of 
variables, 82-84
 

parems involving, 104-106
 
producriviry
 

Deloxan polysiloxane-supporred Pdf
 
Pr caralysrs, 80-81
 

propane
 
amine-conraining subsrrares, 103
 

properries
 
SBO and CO/Hz, 71
 
SBO and pure Hz, 71-72
 
SBO ar high remperarures, 72-73
 
SBO percem tram FA vs. IV value, 74
 
SBO reacrion rime vs. IV value, 73
 
SBO SF! vs. remperarure, 76-77
 
SBO srearic acid conrenr vs. IV
 

value, 74-75
 
SBO vs. margarine/shorrening
 

basesrocks,75-76
 
rapeseed FAME in near-criricall
 

supercrirical condirions
 
reacrion rare/tram FA formarion, 82
 

research and, 106-109
 
SBO percenr trans FA using binary
 

mixrures ofCo/Hz
 
properries,77-78
 
rare consranrs, 78
 

splir ofreaction mixrure inro phases, 89-90
 
sunflower oil hydrogenarion
 

Pd/C caralysr in propane, 80
 
rriglyceride disrriburion
 

pressure increase, 79
 
"Supercrirical Hydrogenarion" (parem), 105
 
Suppliers ofcommercial caralysrs, 184-187
 
Surface area
 

imporrance
 
acriviry of caralysrs, 170-171
 

Suspended (cominuous) caralysr, 
hydrogenarion process 
rechniques,37-38 

Swift Life, qualiry and control resring and, 341
 
Swifr Tesr/Swifr Lifefacrive oxygen
 

merhod, qualiry and conrrol
 
resring and, 341
 

Sylvesrer Tesr/Barcrofr-Warburg Tesr/
 
Eckey merhod, qualiry and
 
conrrol resring and, 342
 

T
 
"Tacke" (parenr), 105
 
Teaseed/romaro seed/oleic-linoleic class oils
 

hydrogenarion merhods
 
characrerisrics/FA range, 251
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Technical oils (soap-making)
 
hydrogenation methods
 

hydrogenation, 278
 
Temperature
 

activity at low temperature, 352
 
autoclave design
 

controlling, 131-132
 
and critical effects for reaction, 13
 
effect on low trans hydrogenation,
 

306-307
 
electrocatalytic hydrogenation
 

solid polymer electrolyte (SPE)
 
reactor, 293-294
 

soybean oil (partially hydrogenated),
 
303
 

soybean oU with Hz gas, 295, 297-298
 
electrocatalytic hydrogenation with
 

Hz gas
 
soybean oil, 295
 

FAME to fatty alcohols
 
binary fluid mixtures SC-H/Coz or
 

SC-H/C3Hs' 95
 
and hydrogen concentration on catalyst
 

surface, 164-165
 
hydrogen dispersion and, 9-12
 
hydrogenation
 

batch (dead-end/circulating), 
35-36
 

hydrogen scarcity, 42-43
 
impact of miscibility of hydrogen/
 

substrates, 67
 
sulfur-poisoned supported catalysts, 46
 
two-stage, 43-44
 

hydrogenation and, 12-13
 
and hydrogenation in compressed
 

water, 104
 
hydrogenation methods
 

considerations, 274-276
 
isomer formation
 

mechanism, 163
 
and moisture content of saturated gas,
 

149-150
 
and normal hydrogenation, 41
 
and phase behavior for reactant feed/
 

product flow, 65-66
 
supercritical fluid hydrogenation
 

SSO properties, 72-73
 

Index 

wet reduction and, 181
 
Thermodynamics. See also Temperature
 

phase behavior and, 67
 
Thin-layer chromatography, quality and
 

control testing and, 347
 
2-Thiobarbituric Acid (TSA) test,
 

quality and control testing and,
 
342
 

Thioglucosides
 
sulfur and, 4
 

Three-dimensional phase equilibria
 
hydrogenation
 

FAME, 88
 
"Three Stage Processes for the Separation
 

of Supercritical or Near-critical
 
Mixtures" (patent), 106
 

Titer
 
quality and control testing and,
 

336
 
Tomato seed oil
 

hydrogenation methods
 
characteristics/FA range, 251
 

Touch
 
hydrogenation process techniques,
 

38-39
 
Trans fatty acid
 

hydrogenation properties
 
SSO percent trans FA vs. IV value,
 

74
 
Trans fatty acid isomers
 

cottonseed oil/canola oil
 
solid polymer electrolyte (SPE)
 

reactor, 293
 
electrocatalytic hydrogenation
 

soybean oil (partially hydrogenated),
 
303-304
 

electrocatalytic hydrogenation reaction
 
of, 284
 

electrocatalytic hydrogenation
 
reactions
 

reactions, 284
 
soybean oil
 

Raney nickel cathode
 
(electrocatalytic hydrogenation),
 
286-288
 

solid polymer electrolyte (SPE)
 
reactor, 291-292
 

Trans hydrogenation. See Low trans
 
hydrogenation
 

Trans index
 
quality and control testing and,
 

331-332
 
Trans isomer configuration
 

configuration change to cis
 
isomer formation, 159-160
 

geometrical isomerisation and,
 
161-162
 

from linoleic acid, 166-168
 
Trans isomer configurations
 

defined,3
 
and impact of double bonds on
 

hydrogenation, 30-31
 
isomerization (general overview) and
 

6-7
 
normal hydrogenation and, 41
 
promoting
 

hydrogenation process techniques, 
44-46
 

specific isomerization (SI) and, 19
 
sulfur-poisoned supported catalysts
 

and,46
 
texture and, 18
 

Trans isomer content
 
soybean oil
 

Raney nickel cathode
 
(electrocatalytic hydrogenation)
 
286-288
 

Trans isomerization, Deloxan
 
polysiloxane-supported Pd!Pt
 
catalysts and, 80-81
 

Transesterification. See SFR-SFR
 
sequential reaction scheme
 

Transport limitation, split of reaction
 
mixture into phases, 89-90
 

Trickle bed reactor, 63
 
patents and, 105
 
and space--time yields with Deloxan
 

AP II/I % Pd, 86
 
Triglycerides
 

activity of catalysts
 
surface area, 171
 

general overview, 1-2
 
isomer formation
 

reaction, 159
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Trans hydrogenation. See Low tram
 
hydrogenation
 

Trans index
 
quality and comrol testing and,
 

331-332
 
Trans isomer configuration
 

configuration change to cis
 
isomer formation, 159-160
 

geometrical isomerisation and,
 
161-162
 

from linoleic acid, 166-168
 
Trans isomer configurations
 

defined,3
 
and impact of double bonds on
 

hydrogenation, 30-31
 
isomerization (general overview) and,
 

6-7
 
normal hydrogenation and, 41
 
promoting
 

hydrogenation process techniques,
 
44-46
 

specific isomerization (51) and, 19
 
sulfur-poisoned supported catalysts
 

and,46
 
texture and, 18
 

Tram isomer comem
 
soybean oil
 

Raney nickel cathode
 
(electrocatalytic hydrogenation),
 
286-288
 

Trans isomerization, Deloxan
 
polysiloxane-supported Pd/Pt
 
catalysts and, 80-81
 

Transesterification. See 5FR-5FR
 
sequemial reaction scheme
 

Transport limitation, split of reaction
 
mixture imo phases, 89-90
 

Trickle bed reactor, 63
 
patems and, 105
 
and space--time yields with Deloxan
 

AP II/I % Pd, 86
 
Triglycerides
 

activity of catalysts
 
surface area, 171
 

general overview, 1-2
 
isomer formation
 

reaction, 159
 

polymorphs and, 364-365
 
positional isomers and, 363-364
 
selectivity (5)), 19-20
 
shum reactions and, 162-163
 

Tristearins (53)' selectivity (5T ) and,
 
20-21
 

Triunsaturate linolenic acid, selectivity 11
 
(5 ) and, 19 

11
 
Turbines agitator mixers, autoclave design
 

and,132-133
 
Turbines of autoclave agitators, 114-115,
 

118, 120-124
 
Two-stage hydrogenation
 

hydrogenation process techniques,
 
43-44
 

linseed oil and, 215
 
marine oils (anchovy/pilchard oils)
 

and,265
 
marine oils (herring oil) and, 259
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