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A
abrasives

use in cleaners, 231
use in laundry detergents, 199

absorption agents, 156
acetylated monoglycerides (AcMG), 278, 278 (figure), 279
acetylenic diols, 119
acid dyes, 342
acids. See also specific types

use in laundry detergents, 199
as textile scouring agents, 334

2-(acryloyloxy)ethyltrimethylammonium chloride (AETAC), 409
Activators

for bleach, 213
use in mineral flotation, 403

acylaminoalkanesulfonates (acyl taurates), 75, 75 (figure)
acylamphoacetates, 107–108, 107 (figure), 108 (figure)
acylated oligopeptides, 55–56, 56 (figure)
acyl glutamates, 55, 56 (figure)
acyl isethionates, 73–75
acyl sarcosinates, 55, 55 (figure)
acyl taurates (acylaminoalkanesulfonates), 75, 75 (figure)
adhesion promoters, 92, 265, 373
adhesives, 365–368
adjuvants, for agricultural chemical formulations, 323, 324–325
adsorption, 1, 21, 26 (figure)

chelating agents, 194
surfactants in detergents, 192, 199
quaternary ammonium compounds, 98
techniques to separate surfactants for analysis, 441–442

after-treatment aids, 223, 342, 344
agricultural chemical formulations, 323–331. See also fertilizers; 

herbicides; pesticides
application of, 330
delivery systems for, 325–330, 326 (figure)–328 (figure)
for seed treatments, 330–331

air/solid (AS) interface, 26, 372
alasan, 169, 175, 182
albumen, 288–289
alcohol ether phosphates (AEP), 81–83, 82 (figure)
alcohol ether sulfates (AES), 9, 48, 76–80, 80 (figure), 445

alkyl polyglycosides (APG) and, 146
use in applications, 85–86
biodegradability of, 464
use in detergents, 195, 196
environmental impact of, 460
use in gypsum board, 400
use in laundry detergents, 199, 203–204, 203 (figure)
use in personal-care products, 240
use in shampoos, 261
solid-phase extraction of, 468
thin-layer chromatography (TLC) of, 435

alcohol ethoxylates (AE), 10, 119, 126–128, 204, 204 (figure), 448
alkyl polyglycosides (APG) and, 145
use in bath oils, 257
biosurfactants and, 167
use in commercial laundry detergents, 234
use in detergents, 195, 196
environmental impact of, 460
use in laundry detergents, 199
nonionic surfactants and, 125
use in personal-care products, 241
solid-phase extraction of, 469–470
as textile scouring agents, 335
thin-layer chromatography (TLC) of, 435

alcohol phosphates (AP), 81–83, 82 (figure)
alcohol propoxylates, 126–128
alcohols. See also specific types

as processing aids for laundry detergents, 223
as textile scouring agents as, 334

alcohol sulfates (AS), 9, 48, 76–79, 77 (figure), 79 (figure)
applications of, 85–86
use in detergents, 195, 196
environmental impact of, 460
high-performance liquid chromatography (HPLC) of, 444
use in laundry detergents, 199, 203, 203 (figure)
α-methyl ester sulfonates (MES) and, 69
use in personal-care products, 240
use in shampoos, 261

alkalis, for laundry detergents, 199, 211
alkanolamides, 139, 139 (figure), 205 (figure)
alkenylsuccinic anhydrides, 299
alkoxylation, 54, 121–122, 122 (figure)
alkylamido betaines, 111–113, 111 (figure), 112 (figure), 253, 451
alkylamine oxides, 205
alkylamines, 94
alkylammonium, 47
alkylaromatic surfactants, 5, 13–14, 14 (figure)
alkylarylsulfonates, 56–57, 56 (figure)
alkylbenzenesulfonates (ABS), 9, 57–58, 57 (figure), 58 (figure), 62 

(figure), 444, 460
alkyl betaines, 100–101, 101 (figure), 111–113, 111 (figure), 112 

(figure), 451
alkyl carbohydrate esters, 134–137, 134 (figure)–136 (figure)
alkyldimethylbenzylammonium chlorides, 340
alkyldiphenyloxide disulfonates, 62–64, 63 (figure)
alkyl ether carboxylates, 53–54, 53 (figure)
alkyl glyceryl ether sulfonates, 73, 74 (figure)
alkyl group, 5, 158, 450
alkylindanes, 62, 62 (figure)
alkylindenes, 62, 62 (figure)
alkyl lactates, 244
alkylnaphthalenes, 62, 62 (figure)
alkyl oligoglycosides. See alkyl polyglycosides

Index



482	 Index

alkylphenol ether sulfates, 80–81, 81 (figure)
alkylphenol ethoxylates (APE), 119, 125, 128 (figure), 204–205, 

204 (figure), 448, 469–470
biodegradability of, 464–465
use in detergents, 196
environmental impact of, 460
formaldehyde and, 130, 130 (figure)
use in laundry detergents, 199
as textile scouring agents, 335
thin-layer chromatography (TLC) of, 435

alkylphenol ethoxylates (APE)-formaldehyde condensates, 130, 
130 (figure)

alkylphenol polyethoxylates, 10, 36
alkyl phosphate esters, 147–148, 147 (figure)
alkyl polyglycosides (APG), 69, 125, 134–135, 134 (figure), 

142–146, 143 (figure), 144 (figure), 205
biodegradability of, 465
use in detergents, 196
use in personal-care products, 241
toxicity of, 465–466

alkyl(polyoxyethylene)glycol ethers, 36
aloe vera, 248, 264
aluminum chloride, 57
aluminum stearate, 249
amidoamines, 96–97
amidohydroxypropylsulfonates, 114
amine alkoxylates, 130, 130 (figure), 131 (figure)
amine carboxylate soaps, 49–56
amine ethoxylates, 130, 130 (figure), 131 (figure), 339
amine oxides, 241, 249, 449–450
amine propoxylates, 130, 130 (figure), 131 (figure)
amino acid carboxylates, 54–55
amino acids, 171
aminopropionic acid, 106
amitriptyline, 317
ammonium, 47, 55, 241
ammonium hydroxide, 50
amoxicillin, 317
amphipathic, 1
amphiphile, 1, 168
amphiphobic group, 151, 156
ampholytes, 4–5
amphopropionates, 108–111, 109 (figure)
amphoteric surfactants, 3–4, 3 (figure), 4, 4 (figure), 5, 6–7, 92 

(figure), 105–115, 105 (figure)–109 (figure), 111 (figure)–115 
(figure)

characterization of, 451–452
use in cosmetics, 106
use in detergents, 196
global market for, 11
use in laundry detergents, 205, 205 (figure)
use in personal-care products, 242
use in shampoos, 106, 242, 261–262
as textile softening agents, 338

amylases, 221
anionic surfactants, 3–4, 3 (figure), 5, 47–87

use in agricultural chemical formulations, 324
analytical methods for, 475
applications of, 83–87
biodegradability of, 463
with cationic surfactants, 7, 7 (figure)

characterization of, 443–446, 443 (figure), 443 (table)
as corrosion inhibitors, 87
use in detergents, 40–41, 47–48, 195
use in dispersions, 423
use in foods, 284–285
global market for, 10
use in hand-dishwashing products, 86
use in laundry detergents, 195, 199, 201–204, 201  

(figure)–203 (figure)
use in oral-hygiene products, 260
use in paints, 87
use in personal-care products, 86–87, 195, 240–241
use in pharmaceuticals, 306
raw materials for, 48
use in shampoos, 261–262
solid-phase extraction of, 468
sulfonation/sulfation processes for, 48–49, 49 (figure)
use in textiles, 340, 345–346
as textile softening agents, 338

antiadhesion, 179
antibiotics, 317
antifoam agents, 40–41, 43, 324

food emulsifiers and, 274
use in pharmaceuticals, 317
use in textiles, 344

antifreeze agents, for agricultural chemical formulations, 323
antihistamines, 317
antimicrobial agents, 104, 200, 222, 323
antimony pentachloride, 123
antiperspirants, 257
antiredeposition agents, 9, 200, 214–216, 215 (figure), 216  

(figure)
antiseptic agents, 99, 345
antistaling action (starch-complexation), 273
antistatic agents, 92, 96, 99, 128, 138

fatty acid alkanolamides (FAA) as, 139, 140
use in textiles, 338

antiviral properties, 168, 179-181,
aqueous oxidizer solutions, for emulsion explosives, 419–420
aryl ether sulfates, 445
asphalt, 32–33, 96, 99, 397–399, 399 (figure)
asphaltene control, for petroleum applications, 355
automatic-dishwasher detergents, 39, 67, 128, 197–198, 231
automotive coatings, 374–375
auxiliary surfactants, for personal-care products, 244
azo dyes, 343
azo group, 163, 163 (figure)

B
bactericides, 1, 55, 87, 92, 180, 293
bakery products, 134, 181, 293–295
bar soaps, 69, 254–255
bath oils, 256–257
bathroom cleaners, 67
bathroom-drain cleaners, 233
benzalkonium chloride, 306–307, 450
benzocaine, 137, 180
benzodiazepine, 317
benzyl group, 163
beverages, food emulsifiers for, 299, 299 (figure)
bicine, 219, 219 (figure)



index 483

bioaccumulation, 467
of fluorosurfactants, 156–157
of linear alkylbenzenesulfonates (LAS) and linear  

alkylbenzenes (LAB), 58
biocides, 75, 104, 136, 156, 222
biodegradability

of alkylphenol ethoxylates (APE), 128
of alkyl polyglycosides (APG), 145
of biosurfactants, 168, 178, 180
of cationic surfactants, 102
environment and, 461–465
of fluorosurfactants, 151
of α-methyl ester sulfonates (MES), 69
of nonionic surfactants, 124
oil-spill remediation and, 380
unsaturation and, 102
wastewater treatment and, 393

biodispersan, 175
bioemulsifiers, 168–169, 174–175
biological oxygen demand (BOD), 463
biosurfactants, 167–185, 386–389
bitumen, 397–398
bleaches

use in laundry detergents, 200, 212–214, 212 (figure)–213 
(figure)

for paper, 411
for textiles, 336–337, 342

block copolymers, 9, 243. See also ethylene oxide/propylene oxide
body-care products, 56, 67, 239, 246
body lotions, 239, 253, 257
body washes, 239, 240, 242, 253, 256
bolaform surfactants, 3–4, 3 (figure)
boron trifluoride, 57, 123, 124
branched alkylbenzenes (BAB), 57
branched alkylbenzenesulfonates (BAS), 57, 60–61, 202, 202  

(figure), 460, 462
β-branched olefinsulfonates, 65
breath-fresheners, 239
bromide, 91
bubble baths, 80, 242, 244, 257
buffering agents, 211, 323, 324
builders, for laundry detergents, 200, 206–207, 209–211
butanol, 143–144, 176
butter, 289, 300
butylated hydroxytoluene (BHT), 131, 250
butylene oxide, 162

C
calcium ions

anionic surfactants and, 47
chelating agents for, 218–221, 219 (figure), 220 (figure)
linear alkylbenzenesulfonates (LAS) and, 60
petroleum sulfonates and, 62
soaps and, 50, 52

calcium chloride, 121, 386
calcium lignosulfonate, 76
calcium stearoyl lactylate (CSL), 283, 285
calorimetry, 446, 472
capillary electrophoresis (CE), 473–474
capsule suspensions (CS), 325, 330, 330 (figure)
carbohydrates, 120

carbopol, 249
carboxylates, 6, 9, 47, 49–56
carboxylic acids, 133, 137
carboxymethylcellulose (CMC), 9, 215–216, 215 (figure), 335

use in cosmetics, 251–252, 251 (figure)
as food emulsifier, 288

car-care products, 67
carpet cleaners, 72, 233
carriers, for agricultural chemical formulations, 323
castor oil, 51, 79, 79 (figure), 137, 137 (figure), 148
cationic surfactants, 3–4, 3 (figure), 5, 91–105, 92 (figure)

use in agricultural chemical formulations, 324
analytical methods for, 476–477
use in dishwashing products, 96
anionic surfactants and, 7, 7 (figure)
biodegradability of, 464
characterization of, 450–451
as corrosion inhibitors, 92, 99, 104
use in cosmetics, 96
use in detergents, 103, 195, 196, 205
as disinfectants, 99
as fabric softeners, 99, 101–103, 101 (figure)
global market for, 10
use in hair conditioners, 96, 252, 263
use in hand-dishwashing products, 96
use in household cleaners, 96
use in laundry detergents, 199, 205–224, 206 (figure), 207 

(figure), 210 (figure), 212 (figure)–221 (figure)
use in personal-care products, 103–104, 241–242
use in pharmaceuticals, 306–307
properties and applications of, 101–105, 101 (figure), 103 

(figure)
solid-phase extraction of, 469
synthesis of, 92–101, 94 (figure)–101 (figure)
use in textiles, 96, 99, 104, 340
as textile softening agents, 338

celecoxib (Celebrex), 317
cellulose, 249, 288, 334
cement, 399–400
cerilipin, 174
cetrimide, 306
cetyl alcohol, 148
cheese, 292
chelating agents, 29, 194

use in laundry detergents, 218–221, 219 (figure), 220 (figure)
lichenysin as, 172
organic builders and, 209

chemical stability, 5, 232
of biosurfactants, 177
of fluorosurfactants, 151, 155
of α-olefinsulfonates, 65
of personal-care products, 253

chewing gum, 239
chloramphenicol, 137
chlorofluorocarbons (CFC), 409
chlorosulfonic acid, 59
chloroxylenol, 310
chocolate, 295–296
choline, 167
Clean Air Act, 461
Clean Water Act, 461



484	 Index

cloud point, 29–31
of alcohol ethoxylates, 124
of alkyl polyglycosides (APG), 145
of nonionic surfactants, 447
of silicone surfactants, 161

coalescence, 35
coatings

fluorosurfactants, use in, 155, 156, 157
for paper, 414
silicone surfactants, use in, 161
sulfosuccinates, use in, 72
surfactants for, 370–375, 374(table)

cocamide diethanolamine (CDEA), 261–262
cocamidopropyl betaine (CAPB), 113–114, 261–262
cocodiethanolamide, 340
coconut oil, 17

alkyl polyglycoside (APG) from, 143
diethanolamides from, 125
α-methyl ester sulfonates (MES) from, 67
monoester sulfosuccinates from, 72
nonionic surfactants from, 120
soaps from, 51

cocoyl isethionate, 240
coemulsifiers, 129
coffee whiteners, 292, 300
cold-mix emulsion asphalt, 398
colistin. See polymyxin E
collectors, use in mining, 403–407, 404 (figure)–407 (figure)
colloidal dispersions, 36–37, 390–391, 391 (figure), 422–423
colloidal gas aphrons (CGA), 39
colloidal silica, use in laundry detergents, 209
colorants. See also dyes; pigments

use in agricultural chemical formulations, 323
use in laundry detergents, 200

color detergents, 209
color stabilizers, for laundry detergents, 200
combo bars, 69
commercial laundry detergents, 234
compatibility agents, for agricultural chemical formulations, 324, 325
concrete, 399–400
construction, surfactants use in, 397–400, 399 (figure)
Consumer Product Safety Commission, 235
contaminant-removal chemicals, 351
conventional concentration, in mining, 401
copper

compounds in agricultural chemical formulations, 324
soaps, 52

corrosion inhibitors. See also rust preventatives
alkyl phosphate esters as, 148
anionic surfactants as, 87
cationic surfactants as, 92, 99, 104
use in laundry detergents, 218
for petroleum applications, 351, 355
petroleum sulfonates as, 62

cortisone acetate, 137
cosmetics

alkyl betaines, use in, 113
alkyl phosphate esters, use in, 148
amphoteric surfactants, used in, 106
bioactive ingredients, use in, 250
biosurfactants, use in, 180, 181–182

cationic surfactants, use in, 96
carboxymethyl cellulose (CMC) role in, 251–252, 251 (figure)
diethanolamides, use in, 125
dyes in, 250
emollients, use in, 248
emulsifiers, use in, 244–248, 244 (table), 245 (table), 348 

(figure)
fatty amine oxides, use in, 147
formulations of, 264–268
glycols in, 132
nonionic surfactants, use in, 125
pigments, use in, 250
polyelectrolytes, use in, 251–252, 251 (figure)
polymer surfactants, use in, 242–244, 243 (figure), 244 

(figure)
preservatives in, 250
silicone surfactants, use in, 161–162, 243, 243 (figure)
sulfosuccinates, use in, 72
surfactants, use in, 239–268
thickening agents for, 249–251

cosolvents, 324
counterions, 6
coupling agents, 324
creaming, 35, 36 (figure)
crease resistance, 346
crepe effect, 345
critical micellar temperature (CMT), 195
critical micelle concentrations (CMC), 7, 23–26, 24 (figure), 25 

(figure), 27 (table), 41
of alcohol sulfates (AS), 77
of alcohol ether sulfates (AES), 80
of anionic surfactants, 47, 195
of biosurfactants, 177–178
of detergents, 192
emulsions and, 31
of fluorosurfactants, 155
foams and, 40
role in hydrocarbon degradation, 388
of ionic surfactants, 196
role in pharmaceuticals drug delivery systems, 308
of sulfosuccinates, 72
surface tension and, 29

crude oil biodegradation, 183–184
crude tall oil, soaps from, 51
crystal modification by food emulsifiers, 274
cumenesulfonates, 61

D
dairy facility cleaners, 234
dairy foods and substitutes, 289–293
defoamers

use in coatings, 372–373
use in detergents, 201
nonylphenol ethoxylates (NPE) as, 129
for paper, 411–412, 412 (figure)
silicone surfactants as, 162

degreasers, 128, 235
degree of ethoxylation (DOE)

of alcohol ethoxylates (AE), 127
of alcohol ether sulfates (AES), 79, 80
of alcohol ether phosphates, 82
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of alkyl ether carboxylates, 53
of fatty alcohol-derived alkyl phosphate esters, 148
of alkylphenol ethoxylates (APE), 128
of ethoxylates, use in bath oils, 256
of ethoxylated castor oil, 137
of ethoxylated amines, use as cationic surfactants, 94
of nonylphenol ethoxylates (NPE), 129
of ethoxylated emulsifiers , 245
of ethylene oxide (EO)- and propylene oxide (PO)-based 

nonionic surfactants, 446
of fatty acid alkanolamides (FAA), 139
of ethoxylated nonionic surfactants, 119
of octylphenol ethoxylates (OPE) and nonylphenol  

ethoxylates (NPE), 129
of ethoxylated sorbitan esters, 136–137

degree of polymerization (DP), of alkyl polyglycosides (APG), 145
degree of propoxylation (DOP)

of ethylene oxide- (EO) and propylene oxide (PO)-based 
nonionic surfactants, 446

of propoxylated nonionic surfactants, 119
deinking agents, for paper, 410–411, 411 (figure)
demulsification, 35–36, 43

by the use of biosurfactants, 178
of food emulsions, 274
 of emulsions formed in petroleum production and refining, 

350, 355, 360
demulsifiers

biosurfactants as, 180
cationic surfactants as, 96
nonionic surfactants as, 125

dense non-aqueous phase liquids (DNAPL), 382–385, 384  
(figure)

density adjusters, for emulsion explosives, 420
density enhancers, 351
deposit-control agents, for paper, 412
depressants, for mining, 403
derivative extraction, for isolating surfactants from aqueous  

environmental samples, 467
Design for Environment (DfE), 461
desizing agents, 336, 341
desiccants, use in laundry detergents, 223
detergency, 27–29, 43

of alcohol sulfates (AS), 77–78
of alcohol ether sulfates (AES), 80
of alcohol phosphates, 83
of amphoteric surfactants, 106
of anionic surfactants, 47
of alkyl polyglycosides (APG), 145
of detergents, 191–192

of glycol and poly(alkylene glycol) esters, 133
of α-methyl ester sulfonates (MES), 69
of nonionic surfactants, 125
of quaternary ammonium compounds, 99
of soap, 195
of sulfobetaines, 114
of sulfosuccinates, 72

detergent-grade alcohols, 17–18, 48, 77, 126
detergent-range alcohols, 14–15, 14 (figure), 15 (figure), 48
detergents, 1, 6, 29, 43. See also specific types

alcohol sulfates (AS), use in, 77
alcohol ether sulfates (AES), use in, 80

anionic surfactants, use in, 40–41, 47–48, 195
antifoam agents, use in, 40–41
alkylphenol ethoxylates (APE), use in, 128
cationic surfactants, use in, 103, 195, 196, 205
cleaning process by, 192–196, 193 (figure)
environmental impact of, 459–477
foams, 38
formulations, 224–228, 225(table)–226(table)
general-purpose, 230
global market for, 10–11

glycol and poly(alkylene glycol) esters, use in, 132
ionic surfactants, use in, 196
use in light-duty liquids (LDL), 228–230
nonionic surfactants use in, 125, 196
use in petroleum applications, 360
production of, 224
surfactants for, 191–235, 197(table)

dewatering agents, use in mining, 408–409
dewetting agents, 129, 156, 367
diacetyl tartrate esters of monoglycerides (DATEM), 278, 278 

(figure), 279, 279 (figure)
dialkylbenzenesulfonates, 7
dialkylnaphthalenesulfonates, 7
dialkyltetralins (DATS), 62, 62 (figure)
dibenzylidene sorbitol, 249
dichlorodiphenyltrichloroethane (DDT), 393
diesterquat (DEQ), 205
diester sulfosuccinates, 72–73, 465
diethanolamine (DEA), 125, 138, 249
diethylenetriaminepentaacetic acid (DTPA), 219, 219 (figure),  

220 (figure)
differential scanning calorimetry (DSC), 446
diglycerides, 168, 241, 277, 277 (figure)
dihydrogenated-tallow (DHT), 97, 102, 103
dihydroxyethylcocamine oxide, 249
dihydroxyethylglycine (DEG), 219
dimethylsiloxane, 157
dioctadecyldimethylammonium chloride (DTDMAC), 102
dioxane, 49, 49 (figure)
dipeptides, 56
diphenylalkane, 62, 62 (figure)
diphenylmethane, 317
diquaternaryammonium halides, 7
direct dyes, 342
dirt/water interface, 195
dishwashing. See automatic-dishwasher detergent;  

hand-dishwashing products
disinfectants, 99, 147
disodium sulfocarboxylate, 68
dispersants, 4, 6, 9

use in agricultural chemical formulations, 324
alkylarylsulfonates as, 56
biosurfactants as, 180
cationic surfactants as, 92, 96
use in coatings, 372
for dyes, 113
nonylphenol ethoxylates (NPE) as, 129
use in oil-spill remediation, 379–380
petroleum sulfonates as, 62
use in textiles, 337, 344

disperse dyes, 343
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dispersions, 37 (figure), 43, 422–424, 422 (figure), 423 (figure), 424 
(table)

alcohol ether sulfates (AES), use in, 80
alkyl polyglycosides (APG), use in, 145
biosurfactants, use in, 176
colloidal, 36–37, 390–391, 391 (figure), 422–423
food emulsifiers and, 274
type agricultural chemical formulations, 325
as pharmaceutical delivery systems, 306, 315–317
as polymerization media, 419
quaternary ammonium compounds, use in, 98
silicone surfactants, use in, 160

dissolved organic carbon (DOC), 463
dissolved oxygen demand (COD), 463
distearate esters, 241
distearyldimethylammonium chloride (DSDMAC), 98, 102, 205
distillation to separate surfactants for analysis, 440
disulfine blue spectrophotometry, 477
ditallowdimethylammonium chloride (DTDMAC), 98
dodecylbenzenesulfonate, 57, 340
dodecyldiphenyloxide disulfonate, 64
double emulsions, 244
drainage aids, for paper, 412
Draves wetting time, 72
dressings, 298–299, 300
drilling fluids, 351–353
drilling-rate enhancers, 351
dryer-cycle products, 102
dry-strength additives, for paper, 412–413
dust suppressants, for mining, 401–402
dye dispersants, alkyl betaines for, 113
dyes

use in cosmetics, 264
use in laundry detergents, 223
use in personal-care products and cosmetics, 250
use in textiles, 337, 342–344

dye-transfer inhibitors, for laundry detergents, 221, 221 (figure)

E
ear-wax removal, 311
electrolytes

alkyl polyglycosides (APG), tolerance to, 145
foams and, 40
pharmaceuticals drug-delivery systems and, 309
quaternary ammonium compounds and, 98
sulfobetaines and, 114

electronics, 414–415
electroplating, 156
emollients, 248, 264
emulsan, 174–175
emulsifiable concentrates (EC), 325, 328–329
emulsifiers, 4, 6, 77, 86, 128. See also demulsifiers

use in agricultural chemical formulations, 324
alcohol phosphates as, 82
alkyl phosphate esters as, 148
use in asphalt, 398–399, 399 (figure)
cationic surfactants as, 96
use in cosmetics, 265
diethanolamides as, 125
for emulsion explosives, 420
ethoxylated fats and oils as, 138

use in foods, 271–300
functionalized monomers to produce, 163
poly(ethylene glycol) esters as, 132
linear alkylbenzenesulfonates (LAS) as, 60
lecithins as, 114–115
nonionic surfactants as, 125
from poly(ethylene glycol)s (PEG), 243
use in personal-care products and cosmetics, 244–248, 244 

(table), 245 (table), 348 (figure)
use in petroleum applications, 350
petroleum sulfonates as, 62
silicone surfactants as, 162
sulfosuccinates as, 72
use in textiles, 344
water-insoluble soaps as, 52

emulsion breakers, for oil-spill remediation, 381
emulsion explosives, 419–420
emulsions, 31–36, 32 (figure), 34 (table), 43. See also demulsification; 

macroemulsions; microemulsions; nanoemulsions
alkyl and alkylamido betaines, use in, 112
alkyl phosphate esters, use in, 147
alkyl polyglycosides (APG), use in, 145
applications of, 415–420
biosurfactants, use in, 176, 178
failure, 35, 36 (figure)
food emulsifiers, use in, 274
role in laundry detergents, 198–199
use in pharmaceuticals, 306, 311–315, 313 (table)
use in polymerization, 416–419, 417 (figure)
making process, 34–35
use of quaternary ammonium compounds in, 99

enhanced oil recovery (EOR), 180, 355–356, 420
environment

biodegradability and, 461–465
surfactants and detergents and, 459–477

environmental
analysis, 466–477

regulations, 460–461
Environmental Protection Agency (EPA), 235, 380, 381, 461
environmental remediation

biosurfactants, use in, 182–185
of oil-spills, 42, 183, 378–381
surfactants, use in, 377–394
wastewater treatment, 389–394, 391 (table), 392 (figure)

enzymes, for laundry detergents, 200, 221–222
epichlorohydrin, 114
ester carboxylates, 53, 53 (figure)
ester quaternary salts, 99–100, 100 (figure), 451
esterquats, 205
ester sulfonates, 445
ethanolamines, 240–241
ethoxylated acids, 448
ethoxylated alcohol, 53, 245
ethoxylated alkanolamides, 139
ethoxylated alkylphenols, 346
ethoxylated amides, 449
ethoxylated amines, 205, 324
ethoxylated esters, 449
ethoxylated fats and oils, 137–138, 137 (figure), 138 (figure)
ethoxylated methyl carboxylates, 138, 138 (figure)
ethoxylated monoglycerides (EMG), 278
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ethoxylated sorbitan esters, 135–137, 135 (figure), 136 (figure)
ethoxylates, 53. See also specific types
ethylenediaminetetraacetic acid (EDTA), 193, 219, 219 (figure), 

255
ethylene glycol, 241
ethylene oxide (EO, oxyethylene), 9, 446

alcohol ethoxylates (AE), 126
alcohol ether sulfates (AES), 79
alkylarylsulfonates ethoxylation, 56
alkyl ether carboxylates, 53–54

polyoxyethylene derivatives as emulsifiers in foods, 
283–284

polyethoxy functionalized monomers and, 162
poly (ethylene glycol) derivatives and, 131–132
nonionic surfactants and, 119, 120–121, 121 (figure), 125
poly(ethylene glycol) (PEG) and, 132
derivatives as personal-care products emulsifiers, 245
silicone polyethers (SPE) and, 159

ethylene oxide polymers (PEO), 122, 123
ethylene oxide/propylene oxide (EO/PO) derivatives, 4, 9, 18–20, 

36, 205, 205 (figure), 449
use in agricultural chemical formulations, 324
block polymers, 119
use in detergents, 196
use in kitchen and bathroom cleaning products, 233
liquid chromatography (LC) separation for analysis, 436
nonionic surfactants and, 125
silicone surfactants and, 160
use in textiles, 338, 340
as textile scouring agents, 335
thin-layer chromatography (TLC) of, 435

evaporated milk, 292
explosives, emulsions, 419–420
extenders, use in agricultural chemical formulations, 325
extracellular vesicles, 175–176
extraction techniques, 442–443
eyeliners, 267
eyeshadows, pearls for, 250

F
fabric production, 334
fabric softeners, 197

cationic surfactants for, 99, 101–103, 101 (figure)
use in laundry detergents, 200, 223
nonionic surfactants compatibility with cationics, 125

fast atom bombardment (FAB), 474
fat reduction, food emulsifiers for, 274
fats and oils

ethoxylated, 137–138, 137 (figure), 138 (figure)
use in foods, 272
nonionic surfactants from, 120
use as emollients in personal-care products, 248
sulfated, 81

fatty acid alkanolamides (FAA), 125, 138–140, 139 (figure), 205, 
205 (figure), 241, 243, 448–449

fatty acid alkanolamide sulfates, 80, 80 (figure)
fatty acid amides, 249
fatty acid esters, 36, 245
fatty acids

alkoxylation of, 54
amphoteric surfactants from, 106

biodegradation of, 462
biosurfactants from, 169, 172–174, 173 (figure)
cationic surfactants from, 91, 93–96
as food emulsifiers, 276
α-methyl ester sulfonates (MES) from, 67–68
polyol esters of, 131
propylene glycol esters of, 280
use in soaps, 50–51
use in textiles, 339, 346
unsaturation of, 16, 50

fatty alcohol ethoxylates, 127–128, 307
fatty alcohols, 36

as demulsifiers in anionic surfactant-based emulsions, 48
alkyl polyglycosides (APG) from, 143
biosurfactants made from, 168
ethoxylates of, 124
use in textiles, 346

fatty alcohol sulfates, 76–79
biodegradability of, 464
use in pharmaceuticals, 306
as textile scouring agents, 335

fatty amine oxides, 100, 146–147, 146 (figure)
use in agricultural chemical formulations, 324
use in detergents, 196

fatty amines, 17
fatty carboxylic acids, 16–18, 17 (figure), 49–50
Federal Insecticide, Fungicide, and Rodenticide Act (FIRA), 461
fertilizers

alcohol ethoxylates (AE), use in, 128
alkyl phosphate esters, use in, 148

fiber production, 333–334
fillers, 42

for coatings, 371
in laundry detergents, 222–223
use in sealants, 368

filtration-control agents, 351
finishing agents

alkyl betaines, use as, 113
cationic surfactants as, 92
for textiles, 334, 344–345

firefighting foams
fluorosurfactants use in, 156
foam control for, 40
foams for, 420–421

Fischer glycosidation, 143
Fischer-Tropsch synthesis, 13
flame-resistant coatings, 375
flame-retardant systems for textiles, 345
flocculation coagulation, 35, 36 (figure)

in wastewater treatment, 391–392, 392 (figure), 393 (table)
floor polishes, 155, 232–233
flotation agents

cationic surfactants as, 92, 96, 104
use in mining, 402–408, 405 (figure)–408 (figure)
in wastewater treatment, 392–393

flowable or liquid (FL) agricultural chemical formulations, 325, 328
flow-control additives for coatings, 373–374, 374(table)
fluid catalytic cracking (FCC), 11, 12 (figure)
fluorescent indicator absorption (FIA) column chromatography 

for surfactant analysis, 436
fluorescent whitening agents (FWA), 200, 217–218, 218 (figure)
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fluorosurfactants, 5, 151–157, 152 (figure)–157 (figure)
foam fractionation, 440
foam regulators

for laundry detergents, 198, 199, 211–212, 226, 228
use in petroleum applications, 355

foams (foaming), 37–41, 38 (figure), 43, 420–422. See also  
antifoam agents; defoamers

alcohol sulfates (AS) and, 77
alcohol ether sulfates (AES) and, 80
alcohol phosphates and, 83
alkyl and alkylamido betaines and, 112
alkyl phosphate esters as foam booster, 148
amphoteric surfactants and, 106
alkyl polyglycosides (APG) and, 145, 146
biosurfactants and, 176, 180
cationic surfactants and, 91–92
control of, 40–41
fluorosurfactants for, 155, 156
food emulsifiers and, 273
in laundry detergents, 200–201
α-methyl ester sulfonates (MES) and, 68, 69
nonionic surfactants and, 126
use in petroleum applications, 350
pharmaceuticals and, 317
silicone surfactants and, 160, 161
in soaps, 51, 52, 56
stability of, 39–40
sulfosuccinates and, 72

food
additives, 271–289
alkyl phosphate esters, use in, 148
anionic surfactants, use in, 284–285
applications, 289–300
biosurfactants use in, 168, 180, 181
colloids, 299–300
emulsifiers in, 271–300
emulsifiers in cream products, 292

nanoemulsions use in, 285–286
nonionic emulsifiers, use in, 277–284, 277 (figure)–284 

(figure)
novel emulsifiers, use in, 286
processing plant cleaners, 234
sorbitan esters, use in, 137
surfactants, use in, 271–300

Food and Drug Administration (FDA), 42, 167, 239, 256, 461
regulations related to food emulsifiers, 275–276

formaldehyde, 9, 62
formation-stabilizing agents, 351
foundations, 266–267
fracturing fluids, use in petroleum applications, 353–355
fragrances, 52, 138

use in bubble baths, 257
use in detergents, 29
use in dryer-cycle products, 102
use in fabric softeners, 103
use in hair conditioners, 263
use in laundry detergents, 200, 222
use in personal-care products, 33

free energy, 1, 27, 28(table)
free fatty acids, 50, 255
frothers, use in mining, 407–408, 408 (figure)

fuels
use in emulsion explosives, 419
isolated from petroleum, 361

fumed silica, 249
functionalized monomers, 162–163, 163 (figure)
fungicides, 323

G
galactomannans, 335
gas chromatography (GC), 177, 435, 463, 472–473, 476
gassing agents, for emulsion explosives, 420
gel-permeation chromatography (GPC), 427, 443
gels

pharmaceuticals emulsions use in, 312
pharmaceuticals suspensions use in, 317

Gemini surfactants, 7–9, 168, 252, 252 (figure)
Generally Recognized as Safe (GRAS), 275–276
general-purpose detergents, 230
glass cleaners, 233
glucose

alkyl polyglycosides (APG) from, 143–144
use in moisturizers for personal-care, 248

glutamic acid, 55
glycerin, 248, 256
glycerol, 17, 48, 131

in bar soap, 255
use in polyglycerol ester synthesis, 133–134
use in shower gels, 256

glycerol esters, 50
glycerol monostearate (GMS), 133–134
glyceryl esters, 36
glyceryl ethers, 40
glycine, 106
glycol, 131–134, 133 (figure)

as solvent in laundry detergents, 223
poly(alkylene glycol) esters from, 131–133

glycolic acid, 250
glycolipids, 169–170, 169 (figure), 170 (figure), 176–177
Gouy-Chapman layer and pharmaceutical drug-delivery, 309
gramicidin, 172, 179–180
gray goods, 341
green acid-soaps, 61, 61 (figure), 85
grinding aids, use in mining, 402
Grindsted crystallizer emulsifier blends, 286
groundwater contamination remediation, 381–386, 383 (figure), 

384 (figure)
guar polymers, 249, 256
gum arabic, 288, 299
gum tragacanth, 299
gypsum board, 400

H
hair-care products, 260–264. See also shampoos
hair conditioners, 239, 263

alkyl phosphate esters, use in, 148
cationic surfactants, use in, 96, 252

hand cleaners, 54, 67, 235
hand creams, 257
hand-dishwashing products

alcohol sulfates (AS) and alcohol ether sulfates (AES), use in, 
85–86
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alkyl betaines, use in, 113
anionic surfactants, use in, 86
cationic surfactants, use in, 96
diethanolamides, use in, 125
foams in, 39
linear alkylbenzenesulfonates (LAS), use in, 60, 84
paraffinsulfonate (PS), use in, 67

hand sanitizers, 235, 256
hard-surface cleaners, 39, 67, 104, 148, 230
hard-water tolerance

of alcohol ethoxylates (AE), 127
of alcohol phosphates, 83
of alkyl phosphate esters, 147
of alkyl polyglycosides (APG), 145
of linear alkylbenzenesulfonates (LAS), 83–84
of nonionic surfactants, 124, 125
of soaps, 52

heavy-duty (HD) detergents, 198, 201, 209, 228
heavy metals remediation, 184–185
herbicides, 86, 128, 323

linear alkylbenzenesulfonates (LAS), use in, 60
sorbitan esters, use in, 137
wastewater treatment, 393

heterocyclic ammonium salts, 99, 100 (figure)
hexafluoropropylene oxide (HFPO), 153
high 2-phenylalkane (H2P), 60
high-performance liquid chromatography (HPLC), 177, 427, 436, 

444, 473, 476
high-performance thin-layer chromatography (HPTLC), 177
hot-mix asphalt (HMA), 397–398
household cleaners, 42, 78, 86, 191–235

cationic surfactants,use in, 96
linear alkylbenzenesulfonates (LAS), use in, 60, 84

hydrocarbon degradation/bioremediation, 387–388
hydrocarbon group

in biosurfactants, 176
in linear alkylbenzenesulfonates (LAS), 60

in silicone surfactants, 161
hydrocarbons

interfacial tension and, 161
textile scouring agents for, 334

hydrocarbon group size and carbon position
linear alkylbenzenesulfonates (LAS) and, 60
sulfosuccinates and, 72

hydrocolloids, 271, 287–288
hydrocortisone, 137
hydrocracking, 11
hydrofluoric acid (HF), 156
hydrogen chloride, 59
hydrogen fluoride, 57
hydrogen peroxide, 121, 212
hydrometallurgical extraction, 401–402
hydroperoxides, 448
hydrophilic-lipophilic balance (HLB), 3–7, 3 (figure), 4 (figure),  

5 (figure), 20, 20 (figure), 21 (table)
of alkylbenzenesulfonates (ABS), 58
of alkylethoxylates (AE), 127
of alkyl ether carboxylates, 53
of alkyl polyglycosides (APG), 145
of ingredients for cosmetics use, 265
detergency and, 29

emulsions and, 34–35
of ingredients for food use, 272
macroemulsions and, 32
of nonionic surfactants, 124, 125
requirement for oil-spill remediation, 379
oil-in-water (O/W) emulsions and, 31
range of emulsifiers used in personal-care products and  

cosmetics, 244–245, 245(table)
of surfactants used in pharmaceuticals, 305
of surfactants used in pharmaceuticals emulsions, 312, 313, 

313(table)
of sorbitan esters, 136–137
toxicity and, 465
of viscosin, 179
water-in-oil (W/O) emulsionsand, 31

hydrophilic surfactants, 1, 2, 3, 5
alkyl polyglycosides (APG) as, 145
use in dispersions use in, 37, 37 (figure)
lipopeptides as, 171
solvency of, 27

hydrophobic groups, 1, 2, 3, 5
in anionic surfactants, 443–444
in alkyl polyglycosides (APG), 143
in cationic surfactants, 92
in fluorosurfactants, 151, 154
foams and, 38

in silicone surfactants, 157, 160
solvency and, 27
wetting, 26

hydrophobic agents for coatings, 374
hydrotropes, 9

alcohol phosphates as, 83
alkyl phosphate esters as, 148
cationic surfactants as, 92
use in laundry detergents, 200, 220–221

hydroxides, 51, 106. See also specific types
α-hydroxy acids, 250
hydroxycarboxylic acids, 220, 220 (figure)
hydroxyethylenediaminetriacetic acid (HEDTA), 219–220, 219 

(figure), 220 (figure)
hydroxysultaines, 113–114, 113 (figure)
hypochlorite bleach, 54, 213, 213 (figure)
hypophosphorous acid, 145

I
ice cream, 289–290
imidazolines, 96–97, 97 (figure), 111–112, 112 (figure), 114, 451
imitation whipped toppings, 291–292
infant nutritional products, 293
infrared (IR) spectroscopy, 427, 437, 437 (table)–438 (table), 439 

(figure), 474
inisurfs, 163
inks, 72, 363–365
inorganic builders, 206–207, 209
insecticides, 323
integrated circuits (IC), 414–415
interfaces. See also specific types

surfactants and, 1
wetting, 26

interfacial tension, 1, 3, 9, 21
of biosurfactants, 177–178, 180
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emulsions and, 198
hydrocarbon compatibility and, 161
lipopeptides and, 171, 172
liquid/liquid interface and, 366

invert emulsions, use for agricultural chemical delivery, 325
iodine, 310, 450
ion-exchange chromatography, 441
ion exchangers, use in laundry detergents, 207
ionic surfactants, 2, 6, 196
iron, chelating agents for, 218–221, 219 (figure), 220 (figure)
isethionates, 47, 446
isobutyl carbinol, 421

J
janitorial products, 232–233
jojoba oil, 264

K
kaolin, 249
kitchen products, 233
Krafft point, 29–31, 30 (figure)

of alcohol sulfates (AS), 77
of alcohol ether sulfates (AES), 80
of anionic surfactants, 195
of alkyl polyglycosides (APG), 146
of bar soap, 255
of detergents, 195
of α-methyl ester sulfonates (MES), 69
paraffinsulfonates (PS) and, 65–66

Kritchevsky-type amide, 138

L
lactylic esters of fatty acids (LEFA), 282–283, 283 (figure), 284 

(figure)
lanolin, 137–138, 242, 248
latex, 164
laundry aids, 223–224
laundry detergents, 78, 85, 197, 198–228, 201 (figure)–207 (figure), 

205–224, 206 (figure), 207 (figure), 210 (figure), 212  
(figure)–222 (figure), 225 (table)–226 (table)

anionic surfactants, use in, 195, 199, 201–204, 201  
(figure)–203 (figure)

alkylphenol ethoxylates (APE), use in, 128
commercial, 234
foaming control, 40
use in specialty foams, 39
poly(ethylene glycol)s and derived esters, use in, 132–133
linear alkylbenzenesulfonates (LAS) use in, 60, 83–84
α-methyl ester sulfonates (MES) use in, 69
nonionic surfactants use in, 125, 199, 204–205, 204 (figure), 

205 (figure)
paraffinsulfonates (PS) use in, 67
specialty, 224

laundry dryer aids, 224
lauric acid, 51, 256
lauryl alcohol, 54
lauryldimethylamine oxide, 146–147
leather, 67, 128, 139
lecithin, 114–115, 115 (figure), 167, 286–287, 295, 451–452
leveling agents, 92, 155, 160, 337, 344
Lewis acid catalysis, 124

lichenysins, 172, 179
light-duty liquids (LDL) detergents, 228–230
light non-aqueous phase liquids (LNAPL), 382–384, 383 (figure)
lignosulfonates, 10, 75–76, 76 (figure), 400, 445
linear alcohol ethoxylates, 9–10, 339
linear alkylbenzenes (LAB), 57
linear alkylbenzenesulfonates (LAS), 47–48, 57, 58–60, 59 (figure), 

63–64
alcohol ethoxylates (AE) and, 127
alkyl polyglycosides (APG) and, 146
applications, 83–85
biodegradation of, 462, 463
use in detergents, 195, 196
environmental impact of, 460
use in gypsum board, 400
use in laundry detergents, 199, 202, 202 (figure)
α-methyl ester sulfonates (MES) and, 69
solid-phase extraction of, 468, 469
thin-layer chromatography (TLC) for analysis, 435

linear α-olefins (LAO), 12–13, 13 (figure), 48
lipids, 174 (figure). See also fats; oils

use in foods, 272
neutral, 169, 172–174
use in personal-care products as emollients, 248

lipopeptides, 171–172
lipoproteins, 171–172
liposan, 175
liposomes, 308, 309
lipsticks, 250, 266
liquid chromatography (LC), use in surfactant analysis, 435, 436
liquid/gas interface, 1, 192, 274
liquid hand soaps, 255–256
liquid-liquid extraction, 440–441, 470
liquid/liquid interface, 1, 192, 274, 366
liquid/solid (LS) interface, wetting, 26
long-chain alkyl group, 91
long-chain cationic surfactants, 206
lost-circulation additives, 351
lotions, 257
low 2-phenylalkane (L2P), 60
low-molecular-weight

biosurfactants, 168
paraffins, 13
sulfonates, 85

low-molecular-weight impurities in nonionic surfactants, 447
low-temperature detergents, 4
lubricants

alcohol ethoxylates (AE) use in, 128
fatty alkanolamides (FAA) use in, 139
use in petroleum exploration, 351
petroleum sulfonates use, 62
use in pharmaceuticals, 311
use in textiles, 335–336

lyophilic, 2–3

M
macroemulsions, 31–33, 32 (figure), 34 (table)

use in personal-care products and cosmetics, 244
use in petroleum applications, 357

magnesium ions
anionic surfactants and, 47
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chelating agents for, 218–221, 219 (figure), 220 (figure)
linear alkylbenzenesulfonates (LAS) and, 60
soaps and, 52

magnesium aluminum silicate, 249
magnesium sulfate, 209
mahogany acid-soaps, 61, 61 (figure), 85
mannoprotein, 175
margarine, 296–298, 300
mascaras, 267
mass spectrometry (MS), 427, 435, 439, 474–475
mayonnaise, 298, 300
mercerizing, 342
metals

cleaners, 234–235
surfactants for metalworking and metal protection, 409–410

metalworking fluids, 357–360
metamizole, 317
metered dose inhalers, 316–317
methine group, 4
methosulfate, 91
methyl chloride, 157–158
methylene blue active substances (MBAS), 468–469
methylene group, 4, 91
methyl ester ethoxylates, 205
α-methyl ester sulfonate (MES), 67–69, 68 (figure), 464, 465, 466

use in detergents, 196
use in laundry detergents, 199, 203, 203 (figure)

methyl ester sulfonic acid (MESA), 68
methyl tert-butyl ether (MTBE), 377, 382
micelles, 3, 23–26, 24 (figure), 25 (figure). See also critical micellar 

temperature; critical micelle concentrations
of alkyl polyglycosides (APG), 146
of cationic surfactants, 104
size in emulsions, 33
as fat and oil delivery vehicle in personal-care products, 

239–240
natural micelle forming systems, use in pharmaceuticals, 

318–319, 319 (figure)
solvency of, 27

microbe-enhanced oil recovery (MEOR), 182
microemulsions (droplets), 33, 34(table), 416

use in agricultural chemical formulations, 325, 329
use in petroleum applications, 357–358
use in pharmaceuticals, 314

milk, 289
miniemulsions. See nanoemulsions
mining, 400–409, 401 (figure), 404 (figure)–408 (figure)
modified linear alkylbenzenesulfonates (MLAS), 60, 61 (figure)
modifiers, for mining, 403
moisturizers, 147, 182, 248, 253, 255
molecular weight (MW), 427. See also low-molecular-weight

of anionic surfactants, 443
of nonionic surfactants, 447

monoalkylbenzenes, 62, 62 (figure)
monoalkyl phosphates (MAP), 82 (figure), 86, 240
monoester sulfosuccinates, 72–73
monoethanolamine (MEA), 138, 140, 243
monoglycerides, 168, 241, 277–280, 277 (figure)–280 (figure)
monoisopropanolamine, 138
monononylnaphthalenesulfonate, 57
monosaccharide, 143–144

mordanting, 341
mouthwash, 239, 259–260, 311
Müller-Rochow process, 158, 158 (figure)
multiple emulsions, use in pharmaceuticals, 314
multipurpose trans fat-free emulsifiers, 286
myristic acid, 51

N
N-acyl alaninates, 240
N-acylethylenediamines, 97
N-acyl-N-methyl taurates, 240
nail polish, 239, 267–268
N-alkyl glucosamides, 135, 135 (figure)
nanoemulsions (miniemulsions), 33–34, 34(table), 416

use in foods, 285–286
use in personal-care products and cosmetics, 244

naphthalenes, 62
naphthalenesulfonate–formaldehyde condensates (NSF), 62
naphthalensulfonates, 62, 63 (figure), 340, 400
narrow-range ethoxylates (NRE), 124
natural cosmetics, 243, 252
natural emulsifiers, 286–289
neutral lipids (simple lipids), 169, 172–174
nicotine, 324
nitriles, 93–94
nitrilotriacetic acid (NTA), 219
nitrosamines, 447
N-long-chain acylamino acids, 175
N-methylglucamides, 205, 205 (figure)
N-nitrosamines, 447, 450
non-aqueous phase liquids (NAPL), 382–384
nonchocolate confectionary, 296
nonionic surfactants, 2, 3–4, 3 (figure), 5, 119–148, 119 (figure), 

120 (figure)
use in agricultural chemical formulations, 324
alkoxylation reaction and, 121–122, 122 (figure)
analytical methods for, 475–476
biodegradability of, 464–465
characterization of, 446–450
use in cosmetics, 125
as demulsifiers, 125
use in detergents, 125, 196
dispersions and, 423
as emulsifiers, 125
use in foods, 277–284, 277 (figure)–284 (figure)
groups, 126–148
use in laundry detergents, 125, 199, 204–205, 204 (figure), 

205 (figure)
use in personal-care products, 241
use in personal-care products emulsifiers, 245
use in pharmaceuticals, 125, 307–308
use in shampoos, 261–262
solid-phase extraction of, 469–470
substrates of, 120
use in textiles, 339, 345
as textile softening agents, 338

nonpolar groups, 2, 2 (figure), 3 (table)
nonylphenol ethoxylates (NPE), 30 (table), 31, 56, 129, 234

use in detergents, 196
use in laundry detergents, 199
solid-phase extraction of for analysis, 468
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nonylphenol polyethoxylate, 56, 329, 330
normal paraffins, 12
novel surfactants, 7–9

use in foods, 286
use in personal-care products, 242

n-paraffins, 48
nuclear magnetic resonance (NMR) spectroscopy, 427, 439–440, 

440 (figure), 441 (table), 475

O
Occupational Safety and Health Administration, 235, 339, 461
octadecanoic acid, 50
octyl betaine, 112
octylphenol ethoxylates (OPE), 129
oil dispersions (OD), as agricultural chemical delivery systems, 

325, 329
oil-in-oil (O/O) emulsions, 311
oil-in-water (O/W) emulsions, 20

alkyl phosphate esters, use in, 147, 148
biosurfactants, use in, 178
bitumen, 398
cationic surfactants, use in, 96
use in cosmetics, 266
demulsification, 36
emulsions, property comparison, 34–35
fluorosurfactants and, 156
use in foods, 272
poly(ethylene glycol)s and derived esters, use in, 132
hydrophilic-lipophilic balance (HLB) and, 31
macroemulsions, 31–33, 32 (figure)
mayonnaise, 300
microemulsions, 33
nanoemulsions, 34
octylphenol ethoxylates (OPE) and nonylphenol ethoxylates 

(NPE) and, 129
use in personal-care products and cosmetics, 244, 250
use in petroleum applications, 353
use in pharmaceuticals, 311
pharmaceuticals emulsions, 313–314
phase inversion of, 35
sorbitan esters and, 137

oils. See also vegetable oils
use in agricultural chemical formulations, 324
use in bath products, 256–257
ethoxylated, 137–138, 137 (figure), 138 (figure)
use in foods, 272
silicone, 41
sulfated, 81

oil-spill remediation, 42, 183, 378–381
ointments, 312, 316
olefins, 12–13, 13 (figure), 57–58, 58 (figure)
olefinsulfonates, 47
α-olefinsulfonates (AOS), 48, 64–65, 65 (figure), 445

use in laundry detergents, 199, 202–203
use in personal-care products, 240
use in toilet soaps, 253

olefinsulfonic acid, 56
oleic acid, 131, 276
oleochemicals, 16–18, 17 (figure), 49
oleum, 59
oligopeptides, 55–56, 56 (figure)

opacifiers, use in laundry detergents, 200
optical brighteners, 217–218, 218 (figure), 345, 346
oral-hygiene products, 259–260. See also mouthwash;  

toothpaste
organic builders, use in laundry detergents, 209–211
organosiloxanes, 157–162
ornithine, 174
orthophosphoric acid, 147
Ostwald ripening, 35
oxyethylene. See ethylene oxide and ethoxylation
oxygen and fluorosurfactants, 156
oxygen-releasing compounds, use in laundry detergents, 212–213, 

212 (figure)

P
paints

alcohol ethoxylates (AE), use in, 128
anionic surfactants, use in, 87
alkylphenol ethoxylates (APE), use in, 128
fluorosurfactants, use in, 155, 156
silicone surfactants, use in, 161
surfactants, use in, 369–370

palm-kernel oil
alkyl polyglycosides (APG) from, 143
α-methyl ester sulfonates (MES) from, 67
monoester sulfosuccinates from, 72
nonionic surfactants from, 120
use in emollients in personal-care products, 248
polyol esters from, 131
soaps from, 51

paper, 128, 129, 156, 410–414, 411 (figure)–413 (figure)
paraffinsulfonates (PS), 47, 49, 49 (figure), 65–67, 65 (figure)–67 

(figure), 199
paraquat, 325–326
parenteral emulsions, 311–312
particulate biosurfactants, 169, 175–176
pearls in makeup, 250
penetrating agents, 324, 337
peracids, 121, 121 (figure)
perchloroethylene (PCE), 382
perfluorinated alkylated substances, 157
perfluorinated surfactants, 151–157
perfluorochemical emulsions, 312
perfluorooctanesulfonic acid, 152
perfluorooctanoic acid (PFOA), 152, 157
perfluorooctylsulfonate (PFOS), 157
peroxy group, 163, 163 (figure)
personal-care products, 42–43, 78, 80

alkyl betaines, use in, 113
amphoteric surfactants, use in, 242
anionic surfactants, use in, 86–87, 195, 240–241
bioactive ingredients, use in, 250
biosurfactants, use in, 180
cationic surfactants, use in, 103–104, 241–242
diethanolamides, use in, 125
dyes for, 250
emollients for, 248
emulsifiers, used in, 244–248, 244 (table), 245 (table), 348 

(figure)
ethoxylated fats and oils, use in, 138
fatty acid alkanolamides (FAA), use in, 139, 140



index 493

foam control in, 40
foams, use in, 38–39
formulations of, 250–264
poly(ethylene glycol)s and derivatives, use in, 132
linear alkylbenzenesulfonates (LAS), use in, 60
moisturizers, use in, 248
nonionic surfactants, use in, 241
novel surfactants, use in, 242
phosphobetaines, use in, 114
pigments for, 250
polymer surfactants, use in, 242–244, 243 (figure), 244 

(figure)
preservatives for, 250
paraffinsulfonates (PS), use in, 67
rheology modifiers for, 249
silicone surfactants, use in, 161–162
sulfobetaines, use in, 114
sulfosuccinates, use in, 72
surfactants, use in, 239–268
thickening agents for, 249–251
waxes for, 249

pesticides, 148, 162, 323
biosurfactants, use as, 185
sorbitan esters emulsifiers for, 137
in wastewater treatment, 393

petrochemicals, 11–16, 12 (figure)–16 (figure)
anionic surfactants from, 48
lubricants and fuel additives, 360-361
nonionic surfactants from, 120

petroleum exploration and refining
drilling fluids, use in, 351–353
enhanced oil recovery (EOR), 180, 355–356
foams for, 420
fracturing fluids, use in, 353–355
fuels from, 361
lubricants from, 360–361
metalworking fluids from, 357–360
recovery processes, 350–355
refinery operations, 356–357
surfactants, use in, 349–361

petroleum sulfonates, 61–62, 61 (figure), 62 (figure), 85
pharmaceuticals

anionic surfactants, use in, 306
biosurfactants, use in, 168, 180–181
cationic surfactants, use in, 306–307
colloidal properties of, 317–318
fatty acid alkanolamides (FAA) use in, 140
micelles of, 318–319, 319 (figure)
nonionic surfactants, use in, 125, 307–308
surfactants, use in, 305–320, 306 (figure)
sorbitan esters, use in, 137
zwitterionic surfactants, use in, 307

pharmaceuticals drug-delivery systems, 308–320
creams, 312
dispersions, 315–317
emulsions, 311–315, 313(table)
foams, 317
liquid systems, 311
microemulsions for, 314
multiple emulsions for, 314
products forms, 310–317, 313 (table)

solid dosage forms of, 311
suspensions, 315–317

phase-inversion temperature (PIT), 33, 35
phenol in wastewater, 393
phenolic chlorocresol, 310phenolic pharmaceuticals delivery via 

micelles, 310
phenothiazine, 317

phosphate esters, 81–83, 82 (figure), 340, 445–446
phosphates, 6, 47. See also specific types
phosphates, usein laundry detergents, 207–208
phosphatidylcholine

as biosurfactant, 167
use as pharmaceutical, 307

phosphatidylglycerol, 173
phosphatidylinositol, 173
phosphobetaines, 114–115, 114 (figure), 115 (figure)
phospholipids, 4, 7, 168, 169, 172–174, 176, 177
phosphonates, 220, 221
phosphoric acid esters, 265
phosphorus chloride, 147
phosphorus oxychloride, 147
phosphorus pentachloride, 54
phosphorus trichloride, 54
phytosteroids, 242
pigments

use in agricultural chemical formulations, 323
use in cosmetics, 264–265
dispersion by silicone surfactants, 160
use in paper, 414
use in personal-care products and cosmetics, 250

pine oil
use in laundry detergents, 223
use as mining frother, 408

pitch-control agents, for paper, 412
plant penetrants, in agricultural chemical formulations, 325
plasticizers

alkyl phosphate esters, 147, 148
use in concrete, 400

polar and nonpolar groups in surfactants, 2, 2 (figure), 3 (table)
polar head groups in food emulsifiers, 276

pharmaceuticals drug-delivery systems and, 310
poloxamines, 307, 307 (figure)
poly(acrylic acid), 9
polyalkoxylated amines, 94–95
polyalkoxylated compounds, 123–126, 123 (figure)
poly(alkylene glycol) esters

alkylene glycols and, 131–133
as personal-care products rheology modifiers, 249

polyaromatic hydrocarbons (PAH), 382
polybrominated diphenyl ethers, 393
polycarboxylates, 210–211, 210 (figure)
polychlorobiphenyls (PCB), 393
polycyclic aromatic hydrocarbons (PAH), 393
polydimethylsiloxane (PDMS), 158–160

as antifoam agent, 41, 317
use in personal-care products, 243
use in pharmaceuticals, 308, 317

polydimethylsiloxane-polyoxyalkylene graft copolymers, 158–159
polyelectrolytes, 9

use in cosmetics, 251–252, 251 (figure)
use in dispersions, 423
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polyether carboxylic acids, 53
polyethoxy acrylate, 163, 163 (figure)
polyethoxycarboxylates, 50
polyethoxylation

of alkanolamides, 139, 139 (figure)
of cationic surfactants, 94

polyethoxypolypropoxy-alkylphenol, 9, 9 (figure)
poly(ethylene glycol) (PEG), 4, 9, 125–126, 140–142, 141 (figure), 

142 (figure), 216, 445, 447
alcohol ethoxylates (AE) and, 126
alcohol ether sulfates (AES) and, 79
polydimethylsiloxane (PDMS)-modified PEG emulsifiers 

from, 243
ethylene oxide (EO) and, 132
in use in PEG ester synthesis, 131–132, 132 (figure)
use in pharmaceuticals, 311
solid-phase extraction of for analysis, 469
use in textiles, 340
use in wet wipes, 259

poly(ethylene oxide) (PEO), 9, 140–142, 141 (figure), 142 (figure)
poly(ethylene terephthalate), 216–217, 217 (figure)
polyfluorinated surfactants, 151–157
polyglycerol esters

of fatty acids, 280–281
glycerol and, 133–134

polyglycoside esters, 134–135, 134 (figure)
polyglycosides, 5, 10
polyhydric alcohol emulsifiers, 281
polyhydroxy esters, 449
polyketide glycosides, 170
polymeric biosurfactants, 169, 174–175
polymerization

of dispersions, 419
of emulsions, 416–419, 417 (figure)
of functionalized monomers, 164

polymer surfactants, 5, 162–164, 163 (figure), 164 (figure), 
307–308

use in cosmetics, 242–244, 243 (figure), 244 (figure)
use in personal-care products, 242–244, 243 (figure), 244 

(figure)
use as emulsifiers in personal-care products, 245–246

polymyxin B, 180
polymyxin E (colistin), 180
polyol esters, 131–134
poly(oxetane)s, 157
polyoxyethylated glycol monoethers, 307, 307 (figure) ?
polyoxyethylene group, 4, 6

in anionic surfactants, 47
in derivatives used as food emulsifiers, 283–284
imidazoline and, 97, 97 (figure)

polyoxypropylene surfactant, 5, 47
polypropoxylate (PPO) block, 123
poly(propylene glycol) (PPG), 9, 126, 131, 140–142, 141 (figure), 

142 (figure)
poly(propylene oxide) (PPO), 140–142, 141 (figure), 142 (figure)
polysaccharide-protein complexes, 175
polysaccharides, 18, 19 (figure), 20 (figure)

use in alkyl polyglycosides (APG) synthesis, 144
as sizing agents, 335

polysiloxanes, 157
polysiloxy group, 5

polysorbates
biodegradability of, 465
use in pharmaceuticals, 307

polytetrafluoroethylene (PTFE), 370
polyurethane foam, 162
poly(vinyl alcohol), 335
poly(vinyl chloride) (PVC), 343
polyvinylpyrrolidone (PVP), 221, 221 (figure)
post-washing agents, for textiles, 337
potassium soaps, 255
potassium chloride (KCl), 121
potassium hydroxide (KOH), 50, 52, 60, 120, 123
potassium stearate, 49
potassium sulfoacetate, 47
precipitating chemicals, use in laundry detergents, 207
precipitation, 441
preservatives

use in coatings, 374
use in hair conditioners, 263
use in laundry detergents, 200, 223
use in personal-care products and cosmetics, 250

pretreatment aids
for laundry detergents, 223
for textiles, 341–342

primary alkanesulfonates (PAS), 65–67, 65 (figure)–67 (figure)
printed circuit boards (PCB), 415
printing auxiliaries, use in textiles, 337–338, 343
processing aids, for laundry detergents, 200, 222–223
progesterone, 137
propylene glycol esters

of fatty acids, 280
use in oil-spill remediation, 380

propylene glycol monoester (PGME), 278, 278 (figure), 279, 295
propylene oxide (PO), 79, 126, 446. See also ethylene oxide/ 

propylene oxide
use in functionalized monomer synthesis, 162
use in nonionic surfactant synthesis, 119, 120–121, 121 

(figure)
use in silicone polyether (SPE) synthesis, 159

propylene oxide polymers (PPO), 122
proteases, 221
pulmonary surfactants, 172, 173
pulping chemicals, for paper, 410
pyrethrum, 324
pyridinium compounds, 306
pyrosulfuric acid, 48

Q
quaternary ammonium compounds, 97–101, 98 (figure)–101 

(figure), 195
use in hair conditioners, 263
use in pharmaceuticals, 306
use in textiles, 346

quaternary imidazolinium compounds, 450–451

R
refractive index, 447
retarding agents, for textiles, 337
retention aids, for paper, 412
reversed-phase high-performance liquid chromatography  

(RP-HPLC), 442, 467–468, 476
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rewetting, 26, 43
by fluorosurfactants, 151

rhamnolipids, 168, 170 (figure), 176
rhamnose, 169–170, 170 (figure)
rheology

of alcohol ether sulfates (AES), 80
modifiers, for personal-care products, 249
of nail polish, 267–268
of surfactants, 41

ricinoleate sulfate (Turkey-red oil), 79, 79 (figure)
ricinoleic acid, 137, 137 (figure)
rinse-cycle products, 101–102
rotenone, 324
rubber, 128
rust preventatives

cationic surfactants as, 96, 104
diethanolamides for, 125

S
salting-out, of soaps, 51
saponification, 50–51
sarcosinates, 50, 55, 55 (figure)
sauces, 298–299
scouring agents, for textiles, 334–335, 341–342
sealants, 368–369
secondary alkanesulfonates (SAS), 65–67, 65 (figure)–67 (figure)

biodegradability of, 464
use in laundry detergents, 199, 202, 202 (figure)

secondary alkylamines, 96
sedimentation, 35, 36 (figure)
seed treatments, 330–331
sensitizers, for emulsion explosives, 420
sequestering agents, for laundry detergents, 207, 207 (figure)
serrawettins, 171–172, 179
shampoos, 54, 239

alcohol ether sulfates (AES), use in, 80
alkyl betaines, use in, 113
amphoteric surfactants, use in, 106, 242
auxiliary surfactants, use in, 244
diethanolamides, use in, 125
ethoxylated fats and oils, use in, 138
fatty acid alkanolamides (FAA), use in, 140
fatty amine oxides, use in 147
pharmaceuticals suspensions, use as, 316
sulfosuccinates, use in, 72
surfactants for, 261–263

shaving foams and gels, 52, 138, 259
short-chain alkyl group, 91
shower gels, 256

alkyl betaines, use in, 113
fatty acid alkanolmides (FAA), use in, 140

silane group, 158
silicone oils, 41
silicone polyethers (SPE), 159
silicone polymers, 162
silicone surfactants, 5, 157–162, 158 (figure)–161 (figure), 162 

(figure)
use in coatings, 161
use in cosmetics, 161–162, 243, 243 (figure)
use as defoamers, 162
use as emulsifiers, 162

use in hair-care products, 263
use in paints, 161
use as emulsifiers in personal-care products, 246–248
use in pharmaceuticals, 308
use in textiles, 162

simple lipids. See neutral lipids
size-exclusion chromatography (SEC), 427, 443
sizing agents

cationic surfactants as, 92
fatty acid alkanolamides (FAA) as, 139
for paper, 413–414, 413 (figure)
for textiles, 335

skin-care products, 253–259. See also specific types
skin irritation, 466
skin lotions, 257
soap-free cleansing bars (syndet bars), 72
soaps, 1, 2, 9, 201, 201 (figure), 253–254, 446

as anionic surfactants, 47
applications of, 52
bar, 69, 254–255
biodegradability of, 463–464
from carboxylates, 49–56
detergency of, 195
fatty acid alkanolamides (FAA), use in, 140
production of, 50–51
properties of, 51–52

sodium bentonite, 209
sodium carbonate, 209, 233
sodium carboxylate, 68
sodium carboxymethylcellulose, 54, 54 (figure)
sodium chloride, 209, 255, 261–262, 386
sodium chlorite, 336
sodium cocoyl isethionate (SCI), 75, 241
sodium dichloroisocyanurate, 213, 213 (figure)
sodium dihydrogen phosphate, 114
sodium diisopropylnaphthalenesulfonates, 85
sodium dodecyl sulfate (SDS), 78, 285, 415
sodium hydroxide, 60, 334
sodium hypochlorite, 336
sodium laurate, 211
sodium laureth sulfate, 261
sodium lauroyl glycinate, 256
sodium lauryl sulfate (SLS), 78, 261, 340, 424
sodium lauryl sulfoacetate (SLSA), 70, 70 (figure)
sodium metasilicate, 233
sodium methyl sulfate, 68
sodium perborate, 212–214, 212 (figure), 214 (figure)
sodium polyacrylate, 210, 210 (figure)
sodium salts, 55, 78, 241
sodium stearates, 49
sodium sulfate, 444
sodium sulfoacetate, 47
sodium tetraborate, 209
sodium tripolyphosphate (STPP), 198, 207, 207 (figure), 208–209, 

233
softening agents. See also fabric softeners

alcohol ethoxylates (AE) as, 128
alkyl phosphate esters as, 147
cationic surfactants as, 92
ethoxylated fats and oils as, 138
fatty acid alkanolamides (FAA) as, 140
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use in laundry detergents, 207, 211
use in textiles, 338, 345

soil-release polymers, use in laundry detergents, 216–217, 217 
(figure)

soil washing, 184, 388–389
solid dosage forms, of pharmaceuticals, 311
solid/gas interface, 1, 274
solid-liquid extraction, 471–472
solid/liquid interface, 1, 274
solid-phase extraction, 467–470, 468 (figure)
solid/solid interface, 1
solubilization

of surfactants for analysis, 441
of pharmaceuticals drug-delivery systems, 309–310, 310 

(figure)
agents, use in textiles, 337

solubilization and recovery method for contaminated groundwater 
remediation, 384–386, 387 (table), 388 (figure)

soluble concentrates (SL), 326
solvents

for agricultural chemical formulations, 323
use in laundry detergents, 200, 223
use in mining, 401–402
sublation, 470–471
use as textile scouring agents, 334

sophorolipids, 168, 170, 171 (figure)
sorbitan esters, 281–282, 281 (figure)

ethoxylates of, 134–137, 135 (figure), 136 (figure)
use in personal-care products, 241
use in pharmaceuticals, 307
use in shampoos, 261–262

sorbitan monoleate, 311, 380
sorbitan monostearate (SMS), 281
sorbitan tristearate (STS), 281
sorbitol, 248, 340
soybean oil, 120, 173, 256
specialty laundry detergents, 224
spotting fluids, 351
spreading agents, 180, 265
stabilization/stabilizers. See also chemical stability; thermal stability

for agricultural chemical formulations, 324
for food emulsions, 274
use in laundry detergents, 220–221
for drilling fluids, use in petroleum production, 351
of pharmaceuticals drug-delivery systems, 309–310

stain resistance, 157
starch, 288, 299, 335
starch-complexation (antistaling action), 273
stearic acid, 52, 131, 248
stearyl alcohol, 148
stearylbenzyldimethylammonium chloride, 263
stearyldimethylamine oxide, 146–147
sterilizing agents, 99
Stern layer, 309
stickers, 325
stiffeners, use in laundry detergents, 224
stripping agents, for textiles, 337
strong anionic-exchange (SAX) resins, 468
structured (semisolid) emulsions, 314
Sturm test, 462
substantivity agents, use in hair conditioners, 263

subtilisin, 172
succinyl monoglyceride (SMG), 278, 278 (figure), 279
sucrose, 248
sucrose esters, 282, 282 (figure)
suds control, 200
sulfated fats and oils, 81
sulfated monoglycerides, 81
sulfated oleates, 340
sulfates, 6, 47, 76–81. See also specific types
sulfobetaines, 4, 113–114, 113 (figure)
sulfonated amphoterics, 113–114
sulfonated fatty acids, 69–70, 70 (figure)
sulfonated fatty carboxylic acid (SFA), 68–69
sulfonates, 6, 47, 56–83
sulfonation/sulfation

use in synthesis of anionic surfactants, 48–49, 49 (figure)
use in synthesis of linear alkylbenzenesulfonates (LAS), 59–60
use in synthesis of α-methyl ester sulfonates (MES), 67
use in synthesis of petroleum sulfonates, 61–62

sulfonic acids, 60
sulfophenylcarboxylates (SPC), 468
sulfosuccinamates, 47, 73
sulfosuccinates, 70–73, 71 (figure), 435, 446
sulfur

compounds, use in agricultural chemical formulations, 324
dyes, 342–343

sulfuric acid, 335
sulfur trioxide (SO3), 48–49
sunscreens, 257–259, 258 (figure)
superamides, 139
supercritical-fluid chromatography (SFC), 436, 473
supercritical fluid extraction (SFE), 469, 471–472
superfatting, 52
suppositories, 316
surface tension, 21–23, 22 (figure), 23 (table)

of alkyl polyglycosides (APG), 145
of biosurfactants, 177–178, 180
critical micelle concentration (CMC) and, 29
cleaning process by detergents and, 192–193, 195
of fluorosurfactants, 151, 155
of silicone surfactants, 160
of sulfosuccinates, 72
wetting and, 26–27

surfactancy, 21–23, 22 (figure), 23 (table)
of alcohol phosphates, 83
of silicone surfactants, 160

surfactant enhanced aquifer remediation (SEAR), 384–386, 387 
(table), 388 (figure)

surfactant-enhanced bioremediation (SEB), 386–389
surfactants. See also specific types and topics

use in adhesives, 365–368
use in agricultural chemical formulations, 324–325
analytical and testing methods for, 427, 428(table)–434(table)
applications, 41–43
architecture of, 7, 8 (figure)
charge-based classification, 3–6, 3 (figure), 4 (figure),  

5 (figure)
chemical structure of, 1–2, 2 (figure), 3 (table)
classification of, 3, 3 (figure)
use in waterborne coatings, 370–375, 374(table on surface 

tension and surface energy of various materials)
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use in construction materials, 397–400, 399 (figure)
use in cosmetics, 239–268
use in detergents, 191–235, 197(table)
use in electronics components, 414–415
environmental impact of, 459–477
use in environmental remediation, 377–394
use in foods, 271–300
global market for, 10–11
use in contaminated groundwater remediation, 381–386, 383 

(figure), 384 (figure)
applications, 9–10
use in inks, 363–365
interfaces and, 1
use in metals-related applications, 409–410
use in mining, 400–409, 401 (figure), 404 (figure)–408 (figure)
mixtures, 7, 7 (figure)
novel, 7–9
use in oil-spill remediation, 378–381
use in paints, 369–370
use in paper, 410–414, 411 (figure)–413 (figure)
use in personal-care products, 239–268
use in petroleum and petroleum products, 349–361
use in petroleum applications, 345–346
use in pharmaceuticals, 305–320, 306 (figure)
properties in aqueous solutions, 20–41, 42 (table)
raw materials for, 11–20, 12 (figure)–17 (figure), 19 (figure), 

20 (figure)
rheology of, 41
use in sealants, 368–369
use in shampoos, 261–263
skin irritation properties, 466
structure-based classification, 6–7
use in textiles, 333–346
toxicity of, 459, 465–466
use-related classification, 6
use in wastewater treatment, 389–394, 391 (table), 392 (figure)

surfactin, 171
surfmers, 164
suspending agents, for cosmetics, 265
suspension concentrates (SC), 325, 327–328, 327 (figure), 328 

(figure)
suspensions, 36–37

food emulsifiers for, 274
of pharmaceuticals, 315–317

syndet bars (soap-free cleansing bars), 72
synergism/synergists

of alcohol ether sulfates (AES) with other anionic and non-
ionic surfactants, 80

for agricultural chemical formulations, 323
syngas, 13

T
tallow

dihydrogenated-tallow (DHT), 97, 102, 103
α-methyl ester sulfonates (MES) and, 67
nonionic surfactants from, 120
use in emollients in personal-care products, 248
soaps from, 51

tallowamine ethoxylates, 340
taurates, 47
taurine, 174

tension-lowering agents, 62
tertiary alkylamines, 96
tetraacetylethylenediamine (TAED), 200, 213, 214 (figure)
tetraacetylglycoluril, 213, 214 (figure)
tetrafluoroethylene (TFE), 152
tetrafluoroethylene pentamer (TFEP), 152–153, 154 (figure)
tetrahydrofuran (THF), 153
tetrapeptides, 56
textiles, 156

alcohol ethoxylates (AE), use in, 128
alkylphenol ethoxylates (APE), use in, 128
cationic surfactants, use in, 96, 99, 104
fatty acid alkanolamides (FAA), use in, 139
processes, 333–334
silicone surfactants, use in, 162
surfactants, use in, 333–346
wet processing of, 340, 340 (figure)

thermal stability, 5
of biosurfactants, 177
of fluorosurfactants, 155
of silicone surfactants, 160

thiazonium, 164
thickening agents

cationic surfactants as, 104
use in cosmetics, 265
fatty amine oxides as, 147
use in laundry detergents, 217
use in personal-care products and cosmetics, 249–251

thin-layer chromatography (TLC), 177, 435–436, 442
thiol ethoxylates, 128
thiol group, 164
thionyl chloride, 54
thiopolyethoxylates, 164
thymol, pharmaceutical drug-delivery systems and, 310
tin tetrachloride, 123
titanium dioxide, 250
titration, 434, 472

of nonionic surfactants, 475–476
toilet soaps, 253–254
toluenesulfonate, 61
toothpaste, 54, 239, 259–260
topical pastes, 312
total organic carbon (TOC), 462, 463
total petroleum hydrocarbons (TPH), 388
toxicity

of amphoteric surfactants, 5
of biosurfactants, 178, 180
of fluorosurfactants, 156
of nonionic surfactants, 125
of oil-spill remediation chemicals, 42
of pharmaceuticals emulsifiers, 319–320
of silicone surfactants, 161
of surfactants, 459, 465–466

Toxic Substances Control Act (TSCA), 461
transurfs, 164
trehalose, 169, 170, 170 (figure)
triacetyl cyanurate, 213, 214 (figure)
tributyl phosphate, 421
triclosan (TCS), 255–256, 255 (figure)
tricyclic antidepressants, 317
triethanolamine, 60, 219
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triglycerides, 16, 50
biosurfactants and, 168
nonionic surfactants from, 120
use in personal-care products, 241
use as emollients in personal-care products, 248
tallow, 51

trimethyloctadecylammonium chloride, 91
trimethylolethane acetate, 153
trioleyl phosphate, 148
tripeptides, 56, 56 (figure)
Turkey-red oil (ricinoleate sulfate), 79, 79 (figure)
tyrothricin, 180

U
UCARE polymers, 252
ultraviolet (UV) radiation, 49
ultraviolet (UV) spectroscopy, 436–437, 474
unsaturation

biodegradability and, 102
in ethylene oxide/propylene oxide (EO/PO) block  

copolymers, 449
in fatty acids, 16, 50
in liposomes, 247
in nonionic surfactants, 447

utility modifiers, for agricultural chemical formulations, 324

V
van der Waals forces, 40, 155
vapor phase osmometry (VPO), 435
vat dyes, 342
vegetable oils

soaps from, 59–51
sulfated, 81

vehicle washes, 233–234
viscosin, 171, 179
viscosity

of alcohol ether sulfates (AES), 80
food emulsifiers and, 273

viscosity-enhancing agents, 9
visible spectroscopy, 436–437, 474
vitamin A, 137
vitamins

in lipid biosurfactants, 168
ethoxylated fats and oils from, 138
use in hair-care products, 264
as neutral lipids, 173

volatile organic compounds (VOC), 72
from automotive OEM coatings, 374–375
from solvent-based metal cleaners, 234–235
from paints and coatings, 370

W
wafer cleaning, 414
washing agents, for oil-spill remediation, 380–381
wastewater treatment, 389–394, 391 (table), 392 (figure)
water-dispersible granules (WDG), 325, 326
water-hardness tolerance

of acyl sarcosinates, 55
of sulfobetaines, 114

water-in-oil (W/O) emulsions
alkyl phosphate esters assisted, 147

biosurfactants assisted, 178
use in cosmetics, 266
demulsification of, 36
emulsions, types of, 34–35
ethoxylated fats and oils assisted, 138
use in foods, 272
glycol and poly(alkylene glycol) ester assisted, 132
HLB and, 31
macroemulsions, 31–33, 32 (figure)
microemulsions, 33
nanoemulsions, 34
use in oil-spill remediation, 381
use in personal-care products and cosmetics, 250
emulsifiers to make emulsions used in personal-care products 

and cosmetics, 244
use as pharmaceutical delivery vehicles, 311
pharmaceuticals emulsions, 313–314
phase inversion and, 35
sulfosuccinates, use in, 73
water-insoluble soaps and, 52

water-in-oil-in water (W/O/W) emulsions as pharmaceuticals 
drug delivery systems, 308, 311

water-insolubility
of biosurfactants, 167
of silicone surfactants, 160
of soaps, 52

waterless hand cleaners, 231
waterproofing, 156
water-solubility

of alcohol ethoxylates (AE), 127
of alkyl phosphate esters, 147
of biosurfactants, 176, 177
of detergents, 195
of functionalized monomers, 163
of quaternary ammonium compounds, 98
of silicone surfactants, 160
of soaps, 51, 52
of sorbitan esters, 136

wax
additives, for coatings, 374
control, in petroleum applications, 355
use in personal-care products, 249

well completion, 350
well stimulation, 350
wettable powders (WP), 326
wetting, 26–27, 26 (figure), 43

by alcohol phosphates, 82
by alkyl and alkylamido betaines, 112
by alkyl ether carboxylates, 54
by amphoteric surfactants, 106
by alkyl polyglycosides (APG), 145
by automatic-dishwasher products, 197–198
by biosurfactants, 180
properties of decorative cosmetics, 265
by detergents, 192, 194–195
by fluorosurfactants, 155, 157
properties of foods, 272–273
food emulsifiers for, 274
by linear alkylbenzenesulfonates (LAS) for, 60
by nonionic surfactants, 125
by quaternary ammonium compounds, 99
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by silicone surfactants, 160, 161
by sulfosuccinates, 72

wetting agents, 6, 9. See also dewetting agents
use in agricultural chemical formulations, 324
use in coatings, 372
use in cosmetics, 265
dispersions and, 422–423
use in petroleum iapplications, 350
use in pharmaceuticals, 319
use in textiles, 337, 344

wet wipes, 259
whipping cream, food emulsifiers use in, 290–291
whole microbial cells, 175–176

X
xanthan gum, 256
xylenesulfonates, 61

Y
yarn production, 333–334
Young's equation, 26

Z
zeolites

use in commercial laundry detergents, 234
use in laundry detergents, 208–209

Ziegler-Natta polymerization, 167
Ziegler process, 15–16, 16 (figure)
Zinc stearate use in soaps, 52
zinc oxide, 50
zwitterionic surfactants, 4, 5 (figure), 6–7, 106

use in pharmaceuticals, 307






