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Index
A
aboveground storage tank (AST), 119–120
accelerated corrosion tests, 335
acidity

ethanol, 27, 29
methanol, 30

acidity test, for white mineral oils, 252
acid number

biodiesel fuel, 64, 66
diesel fuels, 54
fuel oils, 200 (table), 203
nonaviation gas-turbine fuel, 54
total, 103–104

additives
aftermarket, 153
anti-foam, 149
anti-icing, 91, 94
antioxidant, 90, 94, 150, 294
anti-wear agents, 294, 309
automotive engine oils, 289, 293–294
aviation fuels, 87–94, 89 (table)
biocides, 92, 94, 151
California regulations on, 152
cetane number improver, 147–148
color dyes, 89–90, 94, 146
conductivity, 91–92, 149
contamination control, 151
corrosion inhibitors, 90–91, 151
defoaming, 294
de-icer, 149
demulsifiers, 151
detergent, 294
diesel fuel, 143, 146–153, 148 (figure), 150 (table)
diesel ignition improvers, 147–148
dispersants, 150, 294
distribution system additization, 152
drag reducer, 149
engine and fuel delivery system performance, 147
fuel cleanliness, 151
fuel handling improvement, 149–150, 150 (table)
fuel stability, 150
fuel system icing inhibitor, 91, 94
gasoline, 143–146, 153
gum inhibitors, 90
ignition control, 93
injection during RPVOT, 306
injector cleanliness, 148, 148 (figure)
leak detector, 92, 94
low temperature operability improver, 149–150, 150 (table)
lubricity, 90–91, 148
metal deactivator, 90, 94, 150
nonspecification, 92
oil, 289
pipeline drag reducer, 92–93
smoke suppressants, 148
spark-ignition engine, 11, 12 (table)
stabilizers, 150
static dissipater, 91–92, 94

TEL, 89, 94
tests for, 93–94
thermal stability improver, 92, 94
U.S. regulations, 14–15
viscosity modifiers, 293–294

aftermarket fuel additives, 153
air atomizing, 38–39
air-atomizing burners, 195
air compressor oils, 282
aircraft wing tank, undetectable water in, 124 (figure)
Alcohol and Tobacco Tax and Trade Bureau (TTB), 24–25
alcohols, 55
alkyl ester biodiesel, test methods needed for, 211
all-levels sample, 135
aluminum soap greases, 323
American civil jet fuels, 78, 79 (table)
American military jet fuels, 77–78, 77 (table)
American Petroleum Institute (API)

gravity, 14, 32, 98–99, 184, 253, 273
research projects on crude oil initiated by, 97

AN-F-32 specification, 77
“aniline-gravity” method, 84
aniline point

base oils, 263
rubber oils, 319
of white mineral oils, 252

anti-foam fuel additive, 149
anti-icing additive, aviation fuels with, 91, 94
antiknock rating (AKI)

automotive spark-ignition engine fuel, 4–6
aviation gasoline, 71
combustion properties, 5–6
Federal Trade Commission regulations with, 6

antioxidants
fuel additive, 90, 94, 150, 294
gasoline additive, 144–145
responses in RPVOT of, 304 (figure)

anti-wear agents, 294, 309
API gravity, 14, 32, 98–99, 184

lubricating oils, 273
for white mineral oils, 253

aromatic content
diesel fuels, 50
nonaviation gas-turbine fuel, 50

aromatics
calibrations for, 184
chromatographic methods in analyses of, 165, 166 (table)

arsenic, crude oils, 101
artificial carbon, 238
aseptic condition, 135
ash content

biodiesel fuel with, 62, 64
crude oil, 105
diesel fuels, 53
fuel oils, 198, 199 (table)
graphite, 244
manufactured carbon, 244
nonaviation gas-turbine fuel, 53
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petroleum coke, 238
pitch, 243

asphaltenes, crude oil, 105
assay, 97–110, 108 (table), 135
Association Française de Normalisation, 1
ASTM C559, 239 (table), 244
ASTM C560, 240 (table), 245
ASTM C561, 239 (table), 244
ASTM C562, 240 (table), 245
ASTM C565, 240 (table), 245
ASTM C611, 240 (table), 244–245
ASTM C625, 240 (table), 245
ASTM C651, 240 (table), 246
ASTM C662, 241 (table), 245
ASTM C695, 240 (table), 245
ASTM C709, 241 (table), 244
ASTM C714, 241 (table), 246
ASTM C747

elasticity for manufactured carbon and graphite in,  
245–246

fundamental frequencies for manufactured carbon and 
graphite in, 245–246

petroleum coke, pitch, and manufactured carbon and  
graphite tested with, 240 (table)

ASTM C748, 239 (table), 245
ASTM C749, 240 (table), 246
ASTM C769, 240 (table), 246
ASTM C781, 240 (table)
ASTM C783, 240 (table), 246
ASTM C808, 240 (table), 246–247
ASTM C816, 241 (table), 247
ASTM C838, 239 (table), 244
ASTM C886, 245
ASTM C1025, 240 (table), 247
ASTM C1039

petroleum coke, pitch, and manufactured carbon and  
graphite tested with, 239 (table)

porosity for manufactured carbon and graphite in, 244
specific gravity for manufactured carbon and graphite  

in, 244
ASTM C1179, 240 (table), 247
ASTM correlation equation, 184
ASTM D02, 33
ASTM D5, 113
ASTM D36, 109, 113
ASTM D56, 55, 83, 94, 196, 207, 208, 282

flash point of diesel fuels tested with, 49
kerosine requirements in, 206 (table)

ASTM D61, 241 (table), 242
ASTM D71, 239 (table), 242
ASTM D86, 7, 17, 34, 55, 73, 94, 145, 168, 197, 198, 207, 208, 218, 

230, 256
distillation characteristics measured by, 46
distillation range for white mineral oils in, 253
fuel oil requirements with, 199 (table)
kerosine requirements in, 206 (table)
natural gas in, 234

ASTM D87, 349
ASTM D92, 256, 282, 319, 320, 350

flash and fire points with white mineral oils in, 253
ASTM D92-16b, 265
ASTM D93, 55, 67, 83, 94, 145, 196, 208, 256, 273, 282, 319,  

320, 350
flash and fire points with white mineral oils in, 253
flash point of diesel fuels tested with, 49
fuel oil requirements with, 199 (table)

ASTM D93-16a, 265

ASTM D95, 197, 208, 217 (table), 221, 276, 282, 337
fuel oil requirements with, 199 (table)
water and sediment methods with, 223

ASTM D96, 100, 113
ASTM D97, 42, 55, 101, 113, 150, 153, 202, 208, 256, 272, 283,  

319, 320
pour point testing with, 47

ASTM D97-17b, 265
ASTM D127, 349
ASTM D128, 337, 338 (table)
ASTM D129, 52, 55, 99, 113, 198, 208, 271, 283, 337, 356 (table)
ASTM D130, 9, 10, 17, 32, 33, 34, 52, 55, 67, 85, 94
ASTM D0130, 131
ASTM D130, 146, 153, 200 (table), 201, 208, 283
ASTM D156, 34, 94, 208, 256, 273, 283, 349

color of white mineral oils in, 252
kerosine requirements in, 206 (table)

ASTM D187, 206 (table), 207, 208
ASTM D189, 53, 55, 67, 104, 113
ASTM D189–06, 265
ASTM D216, 230, 234
ASTM D217, 325, 326, 338
ASTM D240, 51, 55, 94, 204, 208
ASTM D287, 17, 98, 113, 256, 273, 283, 350

gravity and density with white mineral oils in, 253
ASTM D322, 276, 283
ASTM D323, 6, 17, 94, 103, 113
ASTM D341, 101, 113, 283
ASTM D381, 12, 17, 26, 31, 32, 34, 94, 217 (table)

cleanliness and contamination methods with, 223
ASTM D396, 40, 55, 64, 67, 151, 192, 197, 201, 202, 208, 214, 215, 

217 (table), 218, 219
ASTM D445, 34, 55, 67, 94, 101, 113, 197, 208, 256, 269, 283,  

320, 349
fuel oil requirements with, 199 (table)
kerosine requirements in, 206 (table)
viscosity with white mineral oils in, 255

ASTM D445-17a, 265
ASTM D447, 256
ASTM D473, 100, 113, 197, 208, 217 (table), 221

fuel oil requirements with, 199 (table)
water and sediment methods with, 223

ASTM D477, 253
ASTM D482, 53, 55, 67, 113, 208, 356 (table)

fuel oil requirements with, 199 (table)
ASTM D482-13, 265
ASTM D483, 255, 256
ASTM D524, 53, 67, 198, 209

fuel oil requirements with, 199 (table)
ASTM D524-15, 265
ASTM D525, 12, 17, 34, 145, 153, 214, 217 (table)

stability methods with, 222
ASTM D565, 256
ASTM D566, 329, 338
ASTM D611, 94, 256, 318, 319, 320

aniline point of white mineral oils in, 252
ASTM D611-12, 265
ASTM D612, 350
ASTM D613, 55, 67, 82, 148, 153
ASTM D664, 67, 103, 104, 113, 209

fuel oil requirements with, 200 (table)
ASTM D664-17a, 265
ASTM D665, 9, 13, 17, 145, 153, 281, 283
ASTM D721, 350
ASTM D808, 283, 337, 356 (table)
ASTM D873, 12, 17, 94, 215, 217 (table)

stability methods with, 222
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ASTM D874, 67, 276, 283, 356 (table)
ASTM D877, 252–253, 256
ASTM D892, 265, 274, 281, 283
ASTM D893, 276, 283
ASTM D909, 94
ASTM D910, 70–71, 72 (table), 74–75, 91, 94, 217 (table)
ASTM D925, 319, 320
ASTM D938, 349
ASTM D942, 331, 332, 338
ASTM D943, 280, 283
ASTM D972, 320, 328, 330, 338
ASTM D974, 40, 42, 43 (table), 45–55, 58–60, 62–65, 67,  

94, 283
ASTM D975, 51, 52 (table), 53, 55, 64, 67, 94, 148, 151, 214, 215, 

217 (table), 218, 219, 221
ASTM D976, 45, 55, 67
ASTM D1003, 274, 283
ASTM D1018, 356 (table)
ASTM D1025, 234
ASTM D1070, 233
ASTM D1072, 233
ASTM D1089, 234
ASTM D1091, 283, 356 (table)
ASTM D1092, 327, 338
ASTM D1094, 94, 217, 222, 223
ASTM D1142, 233
ASTM D1148, 319, 320
ASTM D1152, 21, 30, 34
ASTM D1157, 234
ASTM D1160, 67, 107, 113, 168, 197, 209, 256, 350

distillation range for white mineral oils in, 253
ASTM D1209, 34
ASTM D1218, 255, 319, 320

refractive index for white mineral oils in, 254
ASTM D1250, 98, 113, 202, 209
ASTM D1262, 337
ASTM D1263, 331, 338
ASTM D1264, 335, 338
ASTM D1265, 129, 233, 234
ASTM D1266, 10, 17, 34, 55, 67, 94, 198, 209, 356 (table)

kerosine requirements in, 206 (table)
natural gas in, 234

ASTM D1267, 233
ASTM D1296, 34
ASTM D1298, 17, 32, 34, 55, 84, 94, 98, 113, 202, 209, 255, 265, 

273, 283, 318, 320, 347, 350
fuel oil requirements with, 200 (table)
gravity and density with white mineral oils in, 253
natural gas in, 234

ASTM D1317, 337, 356 (table)
ASTM D1318, 356 (table)
ASTM D1319, 10, 17, 55, 94

aromatic content measurement with, 50
EPA’s designated test methods, 163 (table)
hydrocarbons in naphthas tested with, 160 (table)
olefins in naphthas and blended gasolines with testing based 

on, 164–165, 164 (table)
ASTM D1321, 349
ASTM D1322, 84, 94, 205, 209
ASTM D1353, 34
ASTM D1368, 356 (table)
ASTM D1401, 281, 283, 336
ASTM D1402, 337
ASTM D1403, 326, 338
ASTM D1404, 336, 338
ASTM D1405, 94
ASTM D1465, 350

ASTM D1478, 328, 338
ASTM D1500, 149, 265, 273, 283, 319, 320, 349
ASTM D1548, 356 (table)
ASTM D1550, 232, 234
ASTM D1552, 52, 55, 94, 99, 113, 198, 209, 271, 283,  

356 (table)
petroleum coke, pitch, and manufactured carbon and  

graphite tested with, 241 (table)
sulfur in petroleum coke in, 238

ASTM D1613, 29, 34
ASTM D1655, 78, 81–83, 86, 94, 217, 217 (table), 218
ASTM D1657, 229, 233
ASTM D1660, 214
ASTM D1688, 27, 34
ASTM D1740, 84
ASTM D1741, 337
ASTM D1742, 338
ASTM D1743, 335, 338
ASTM D1747, 319, 320
ASTM D1748, 283
ASTM D1796, 67, 217 (table), 219, 221

water and sediment methods with, 223
ASTM D1826, 233
ASTM D1831, 327, 338
ASTM D1835, 122, 229
ASTM D1838, 233
ASTM D1840, 84, 94
ASTM D1945, 226

gas chromatography in analyses of gases with, 166–167,  
166 (table)

natural gas and ethane in, 233
ASTM D1946, 166 (table), 167
ASTM D1988, 233
ASTM D2007, 316, 318, 320
ASTM D2008, 319, 320, 345, 350
ASTM D2068, 48, 55, 218, 223
ASTM D2069, 151, 214, 215
ASTM D2140, 316, 320
ASTM D2156, 205, 209
ASTM D2157, 209
ASTM D2158, 229, 233
ASTM D2161, 114, 350
ASTM D2163, 228, 230

gas chromatography in analyses of gases with, 166 (table), 167
liquefied petroleum gas in, 233
propylene concentrates in, 234

ASTM D2226, 318, 320
ASTM D2244, 273, 283
ASTM D2265, 329, 338
ASTM D2266, 334, 338
ASTM D2268, 161 (table)
ASTM D2269, 252, 255
ASTM D2270, 265, 283
ASTM D2272, 283, 304 (figure), 305
ASTM D2274, 55, 67, 203, 209, 213, 215

stability methods with, 222
ASTM D2276, 13, 17, 86, 94, 131, 217, 218, 219

cleanliness and contamination methods with, 223
ASTM D2318, 239 (table), 242
ASTM D2319, 241 (table), 242
ASTM D2320, 239 (table), 242
ASTM D2384, 234
ASTM D2386, 83, 95, 206 (table), 209
ASTM D2392, 95
ASTM D2415, 239 (table), 243
ASTM D2416, 239 (table), 243
ASTM D2420, 229, 233
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ASTM D2421, 233
ASTM D2423, 350
ASTM D2425, 50, 55
ASTM D2426, 166 (table), 167, 234
ASTM D2427, 161 (table), 234
ASTM D2500, 55, 67, 150, 153, 202, 209, 255, 265, 272, 283, 319, 

320, 349
cloud point measured by, 46
cloud point with white mineral oils in, 252

ASTM D2501, 318, 320
ASTM D2503, 350
ASTM D2504, 166 (table), 167, 234
ASTM D2505, 166 (table), 167, 234
ASTM D2509, 333, 334, 338
ASTM D2534, 350
ASTM D2547, 356 (table)
ASTM D2569, 241 (table), 242
ASTM D2593, 166–167, 166 (table), 234
ASTM D2595, 330, 338
ASTM D2596, 333, 334, 338
ASTM D2597, 233
ASTM D2598, 228, 230, 233
ASTM D2599, 356 (table)
ASTM D2603, 283
ASTM D2622, 10, 17, 27, 33, 34, 52, 55, 64, 67, 85, 95, 99, 114, 201, 

209, 271, 283, 356 (table)
fuel oil requirements with, 199 (table)

ASTM D2624, 86, 95, 131, 149, 153, 200 (table), 209
ASTM D2638, 238, 239 (table)
ASTM D2669, 349
ASTM D2670, 283
ASTM D2699, 5, 17, 35, 95, 234
ASTM D2700, 5, 17, 35, 95, 234
ASTM D2709, 13, 17, 35, 55, 67, 197, 209, 217 (table),  

219, 221
cleanliness of diesel fuels measured with, 48
fuel oil requirements with, 199 (table)
water and sediment methods with, 223

ASTM D2710, 265
ASTM D2711, 283
ASTM D2712, 166–167, 166 (table), 234
ASTM D2713, 233
ASTM D2764, 239 (table), 242–243
ASTM D2782, 283
ASTM D2783, 283
ASTM D2784, 234, 356 (table)
ASTM D2785, 356 (table)
ASTM D2872, 109, 114
ASTM D2880, 40, 43, 52, 54, 55, 67, 151, 214, 215, 217 (table), 218, 

219, 221
ASTM D2885, 5, 17, 188
ASTM D2887, 55, 95, 105, 114, 207, 209, 255, 265, 350

distillation characteristics measured by, 46
distillation range for white mineral oils in, 253
simdis analysis for petroleum types with, 172, 172 (figure)
simulated distillation test methods with, 168 (table)

ASTM D2892, 106, 107, 114, 168
ASTM D2893, 283
ASTM D2896, 276, 283
ASTM D2982, 276, 283
ASTM D2983, 283
ASTM D3104, 241 (table), 242
ASTM D3116, 356 (table)
ASTM D3117, 35, 67
ASTM D3120, 10, 17, 27, 35, 52, 67, 356 (table)
ASTM D3227, 10, 17, 85, 95, 209, 356 (table)

kerosine requirements in, 206 (table)
ASTM D3228, 104, 114, 209, 356 (table)

ASTM D3229, 356 (table)
ASTM D3230, 100, 114, 356 (table)
ASTM D3231, 10, 17, 30, 35, 356 (table)
ASTM D3232, 327, 328, 338
ASTM D3235, 350
ASTM D3236, 349
ASTM D3237, 10, 17, 35, 95, 356 (table)
ASTM D3238, 316, 320
ASTM D3240, 86, 95, 217, 218

cleanliness and contamination methods with, 223
ASTM D3241, 80, 85, 95, 131, 214, 217 (table)

stability methods with, 222
ASTM D3242, 67, 85, 95
ASTM D3244, 376
ASTM D3246, 233, 234, 356 (table)
ASTM D3279, 105, 114
ASTM D3336, 329, 332, 333, 338
ASTM D3337, 329, 333, 338
ASTM D3338, 84, 95
ASTM D3340, 337, 356 (table)
ASTM D3341, 9, 17, 95, 356 (table)
ASTM D3343, 95
ASTM D3344, 350
ASTM D3348, 18, 356 (table)
ASTM D3427, 281, 283
ASTM D3428, 337
ASTM D3431, 356 (table)
ASTM D3461, 241 (table), 242
ASTM D3524, 276, 283
ASTM D3525, 276, 283
ASTM D3527, 329, 339
ASTM D3588, 233
ASTM D3605, 131, 356 (table)
ASTM D3606, 11, 18, 160 (table), 163 (table)
ASTM D3699, 151, 192, 205, 208, 214, 217 (table), 218,  

219, 221
ASTM D3700, 110, 114, 233
ASTM D3701, 84, 95, 356 (table)
ASTM D3703, 12, 18, 95
ASTM D3704, 334, 339
ASTM D3710, 168 (table), 172 (figure)
ASTM D3828, 55, 67, 83, 95, 196, 207, 209, 273, 283

flash point of diesel fuels tested with, 49
ASTM D3831, 18, 35, 356 (table)
ASTM D3941, 49, 55
ASTM D3944, 349
ASTM D3948, 95, 131, 217 (table), 218, 223
ASTM D4006, 100, 114
ASTM D4007, 100, 114
ASTM D4045, 18, 35, 356 (table)
ASTM D4047, 356 (table)
ASTM D4048, 335, 339
ASTM D4049, 336, 339
ASTM D4052, 18, 35, 55, 83, 95, 202, 209, 255, 265, 283,  

318, 320
gravity and density with white mineral oils in, 253
natural gas in, 234

ASTM D4053, 11, 18
ASTM D4054, 95
ASTM D4055, 283
ASTM D4057, 18, 35, 67, 95, 110, 114, 119, 122, 124, 212, 222

manual sampling of petroleum in, 129–130
sampling methods with, 224

ASTM D4072, 239 (table), 243
ASTM D4084, 233
ASTM D4170, 334, 339
ASTM D4171, 94
ASTM D4172, 283
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ASTM D4175, 18, 238, 241 (table), 243
ASTM D4176, 31, 33, 35, 55, 95, 217, 217 (table), 219

cleanliness and contamination methods with, 223
ASTM D4177, 18, 35, 67, 110, 114, 222

automatic sampling of petroleum in, 130–131
sampling methods with, 224

ASTM D4289, 283, 336, 339
ASTM D4290, 329, 331
ASTM D4291, 276, 283
ASTM D4292, 238, 239 (table)
ASTM D4293, 283
ASTM D4294, 18, 52, 55, 67, 95, 99, 114, 201, 209, 271, 283,  

356 (table), 358 (table)
ASTM D4296, 240 (table), 243
ASTM D4305, 95
ASTM D4306, 18, 35, 95, 222

aviation fuel sample containers in, 131–132
sampling methods with, 224

ASTM D4308, 95, 131, 149, 204, 209
fuel oil requirements with, 200 (table)

ASTM D4310, 280, 283
ASTM D4312, 243
ASTM D4377, 100, 114, 221
ASTM D4418, 54, 55, 215, 222, 224
ASTM D4419, 349
ASTM D4421, 238, 241 (table)
ASTM D4422, 238, 239 (table)
ASTM D4423, 234
ASTM D4424, 166 (table), 234
ASTM D4425, 339
ASTM D4485, 283
ASTM D4529, 84, 95
ASTM D4530, 67, 104, 114
ASTM D4539, 55, 153
ASTM D4616, 240 (table), 243
ASTM D4625, 55, 67, 145, 153, 203, 209, 213, 214, 215, 217 (table)

stability methods with, 222
storage stability tested with, 49

ASTM D4628, 356 (table)
ASTM D4629, 104, 114, 265, 271, 283, 356 (table)
ASTM D4636, 284
ASTM D4683, 269, 284
ASTM D4684, 269, 284
ASTM D4693, 328, 339
ASTM D4715, 239 (table), 243
ASTM D4735, 166 (table), 175 (table)
ASTM D4737, 45, 55, 60, 64, 67
ASTM D4739, 284
ASTM D4740, 112, 114, 204, 209, 221

cleanliness and contamination methods with, 223
compatibility methods with, 223

ASTM D4741, 269, 284
ASTM D4746, 240 (table)
ASTM D4756, 242
ASTM D4805, 356 (table)
ASTM D4806, 16, 17, 21, 22, 26, 28, 34
ASTM D4807, 100, 105, 114
ASTM D4809, 84, 95, 204, 209
ASTM D4810, 233
ASTM D4814, 3–19, 17, 22, 28, 34, 76, 94, 119, 123, 146, 147, 217 

(table), 219
antiknock rating test measurements standardized in, 5
copper specification limit in, 9
distillation, 7
driveability index, 7
ferrous corrosion specification limit, 9
fuel volatility measurement in, 6–7
gum content, 12

SIP limits in, 15
sulfur as specified in, 10
vapor lock protection requirements, 8
volatility and vehicle performance, 8–9

ASTM D4815, 18, 35, 164
CARB designated test methods for motor gasoline fuels 

using, 164 (table)
oxygenates in naphthas and blended gasolines tested with, 

162 (table)
ASTM D4840, 111, 114, 131 (figure), 132, 134
ASTM D4860, 48, 55, 219, 223
ASTM D4865, 67, 95
ASTM D4868, 51, 55, 204, 209
ASTM D4870, 114, 221, 223
ASTM D4888, 233
ASTM D4892, 239 (table), 242
ASTM D4893, 241 (table), 243
ASTM D4927, 271, 284, 356 (table)
ASTM D4928, 100, 114, 221
ASTM D4929, 104, 114, 356 (table)
ASTM D4930, 238, 239 (table)
ASTM D4931, 240 (table)
ASTM D4951, 67, 270, 284, 356 (table)
ASTM D4952, 10, 18, 95, 209, 255, 356 (table)
ASTM D4953, 18, 28, 30, 32, 35, 95

fuel volatility measurement in, 6–7
natural gas in, 234

ASTM D4984, 226, 233
ASTM D5001, 86, 95, 131
ASTM D5002, 114
ASTM D5003, 238, 239 (table)
ASTM D5004, 238, 239 (table)
ASTM D5006, 93, 95
ASTM D5018, 241 (table), 243
ASTM D5056, 238, 240 (table), 356 (table)
ASTM D5059, 9, 10, 18, 30, 35, 89, 95, 356 (table)
ASTM D5060, 166 (table)
ASTM D5134, 109, 114, 158, 159 (table)
ASTM D5135, 166 (table)
ASTM D5182, 284
ASTM D5184, 356 (table)
ASTM D5185, 114, 270, 276, 284, 356 (table)
ASTM D5186, 50, 55, 179
ASTM D5187, 238, 239 (table), 242
ASTM D5188, 7, 18
ASTM D5190, 95
ASTM D5191, 28, 30, 35, 73, 95, 103, 114

fuel volatility measurement in, 7
natural gas in, 234

ASTM D5234, 166 (table), 167, 234
ASTM D5236, 107, 114
ASTM D5273, 166 (table), 167, 234
ASTM D5274, 234
ASTM D5291, 114, 271, 284
ASTM D5292, 50, 55
ASTM D5293, 284
ASTM D5303, 166 (table), 167, 234
ASTM D5304, 49, 56, 209, 215, 222
ASTM D5305, 105, 230, 233
ASTM D5306, 281, 284
ASTM D5307, 105, 106, 114
ASTM D5384, 356 (table)
ASTM D5386, 35
ASTM D5441, 35, 162 (table)
ASTM D5442, 174 (table), 350
ASTM D5443, 159, 160 (table)
ASTM D5452, 67, 95, 131, 217, 219, 223
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ASTM D5453, 10, 18, 27, 30, 33, 35, 52, 56, 64, 67, 85, 95, 201, 209, 
356 (table)

fuel oil requirements with, 199 (table)
natural gas in, 234
sulfur content of ethanol determined by, 29

ASTM D5454, 233
ASTM D5481, 269, 284
ASTM D5482, 7, 18, 35, 234
ASTM D5483, 325
ASTM D5500, 16, 18, 144, 153
ASTM D5501, 26, 35, 162 (table)
ASTM D5502, 239 (table), 243
ASTM D5504, 165, 166 (table), 167, 175 (table), 233
ASTM D5505, 167
ASTM D5580, 11, 18, 28, 35

CARB designated test methods for motor gasoline fuels 
using, 164 (table)

hydrocarbons in naphthas tested with, 160 (table)
ASTM D5598, 16, 18, 144, 153
ASTM D5599, 18, 162 (table), 163 (table), 164
ASTM D5600, 238, 240 (table), 356 (table)
ASTM D5622, 356 (table)
ASTM D5623, 175 (table)
ASTM D5662, 284
ASTM D5705, 105, 114 (table)
ASTM D5706, 334, 339 (table)
ASTM D5708, 102, 114, 356 (table), 358 (table)
ASTM D5709, 241 (table), 242
ASTM D5713, 166 (table)
ASTM D5762, 104, 114, 284, 356 (table)
ASTM D5769, 11, 18, 160 (table), 163 (table)
ASTM D5771, 46, 56, 67
ASTM D5772, 46, 56, 67
ASTM D5773, 46, 56, 67
ASTM D5797, 17, 21, 30, 34
ASTM D5798, 17, 21, 22, 28, 34
ASTM D5799, 234
ASTM D5800, 274, 284
ASTM D5842, 18, 35, 114, 132
ASTM D5845, 18, 35
ASTM D5853, 101, 114
ASTM D5854, 18, 35, 110, 114, 122, 132–133, 133 (table)
ASTM D5863, 102, 114, 356 (table), 358 (table)
ASTM D5901, 95
ASTM D5917, 166 (table)
ASTM D5949, 47, 56, 202, 209, 272, 284
ASTM D5950, 47, 56, 202, 209, 284, 319, 320
ASTM D5969, 335
ASTM D5972, 83, 95, 209
ASTM D5983, 16, 17, 21, 31, 34
ASTM D5985, 47, 56, 202, 209
ASTM D5986, 11, 18, 160 (table), 164
ASTM D6006, 281, 284
ASTM D6045, 273, 284
ASTM D6046, 281, 284
ASTM D6078, 50, 56, 153
ASTM D6079, 50, 56, 153, 199 (table), 209
ASTM D6082, 284
ASTM D6120, 240 (table), 243
ASTM D6122, 187
ASTM D6159, 166 (table), 234
ASTM D6160, 168, 168 (table)
ASTM D6201, 16, 18, 153
ASTM D6217, 48, 56, 67, 217, 217 (table), 219, 223
ASTM D6227, 75, 94, 217 (table)
ASTM D6228, 166 (table), 233
ASTM D6258, 151, 153

ASTM D6293, 10, 18
ASTM D6296, 11, 18, 160 (table), 164, 164 (table)
ASTM D6299, 376
ASTM D6300, 67, 376
ASTM D6304, 86, 95, 221, 223, 276, 284
ASTM D6334, 18, 356 (table)
ASTM D6352, 168 (table), 172 (figure)
ASTM D6353, 243–244
ASTM D6354, 241 (table), 243–244
ASTM D6371, 153
ASTM D6374, 238, 241 (table)
ASTM D6375, 274, 284
ASTM D6376, 238, 240 (table), 241 (table)
ASTM D6377, 103, 114
ASTM D6378, 18, 35, 95, 234
ASTM D6379, 95
ASTM D6407, 174 (table)
ASTM D6417, 174 (table), 274, 284
ASTM D6421, 16, 18, 153
ASTM D6423, 29, 35
ASTM D6426, 48, 56, 218, 223
ASTM D6428, 56
ASTM D6443, 356 (table)
ASTM D6444, 356 (table)
ASTM D6445, 18, 356 (table)
ASTM D6446, 95
ASTM D6447, 12, 18
ASTM D6448, 193, 208, 217 (table)
ASTM D6450, 35, 67, 273, 284
ASTM D6468, 214, 217 (table), 222
ASTM D6469, 13, 18, 67, 87, 95, 197, 205, 209, 216, 221

cleanliness and contamination methods with, 223
ASTM D6470, 100, 114, 356 (table)
ASTM D6481, 356 (table)
ASTM D6521, 109, 114
ASTM D6526, 166 (table)
ASTM D6547, 284
ASTM D6550, 11, 18, 28, 35, 179

CARB designated test methods for motor gasoline fuels 
using, 164 (table)

hydrocarbons in naphthas tested with, 161 (table)
olefins in naphthas and blended gasolines with testing based 

on, 164–165, 164 (table)
ASTM D6558, 240 (table), 244
ASTM D6559, 240 (table), 244
ASTM D6560, 105, 114, 221, 223
ASTM D6563, 166 (table)
ASTM D6584, 35, 67
ASTM D6593, 284
ASTM D6595, 356 (table)
ASTM D6615, 78, 94
ASTM D6667, 233, 356 (table)
ASTM D6708, 376
ASTM D6728, 216, 356 (table)
ASTM D6729, 10, 18, 158, 159 (table), 234
ASTM D6730, 10, 18, 158, 159

hydrocarbons in naphthas tested with, 159 (table)
natural gas in, 234

ASTM D6732, 356 (table)
ASTM D6733, 11, 18, 158, 159 (table), 234
ASTM D6744, 241 (table), 244
ASTM D6745, 241 (table), 244
ASTM D6748, 215, 222
ASTM D6749, 202, 209
ASTM D6751, 40, 56–60, 62–64, 67, 93, 94, 208, 214, 217 (table), 

219
biodiesel quality issues in, 60
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ASTM D6756, 151, 153
ASTM D6791, 239 (table), 242
ASTM D6792, 376
ASTM D6811, 214, 222
ASTM D6822, 98, 114
ASTM D6824, 218, 223
ASTM D6839, 159

hydrocarbons in naphthas tested with, 160 (table)
natural gas in, 234
olefins in naphthas and blended gasolines with testing based 

on, 164, 164 (table)
oxygenates in naphthas and blended gasolines tested with, 

162 (table)
ASTM D6849, 233
ASTM D6890, 35, 67, 148
ASTM D6891, 284
ASTM D6892, 202, 209
ASTM D6897, 233
ASTM D6898, 50
ASTM D6920, 10, 18, 35, 356 (table)
ASTM D6968, 166 (table)
ASTM D6969, 241 (table), 242
ASTM D6970, 241 (table), 242
ASTM D6974, 216, 223
ASTM D6985, 219
ASTM D7011, 166 (table), 175 (table)
ASTM D7039, 10, 18, 27, 35, 52, 67, 201, 209, 356 (table)

sulfur content of ethanol determined by, 29
ASTM D7040, 356 (table)
ASTM D7041, 356 (table)
ASTM D7042, 95, 269, 284
ASTM D7057, 166 (table)
ASTM D7059, 114, 162 (table)
ASTM D7060, 221, 223
ASTM D7061, 221, 223
ASTM D7094, 196, 207, 209, 273, 284
ASTM D7095, 131
ASTM D7096, 18, 168 (table), 172 (figure)
ASTM D7111, 356 (table)
ASTM D7112, 221, 223
ASTM D7153, 83, 95
ASTM D7154, 95
ASTM D7157, 112, 114, 221, 223
ASTM D7165, 166 (table)
ASTM D7169, 105, 107, 114, 168 (table), 172 (figure)
ASTM D7170, 148, 153
ASTM D7171, 356 (table)
ASTM D7175, 110, 114
ASTM D7212, 356 (table)
ASTM D7213, 168 (table), 172 (figure)
ASTM D7214, 272, 284
ASTM D7215, 174 (table)
ASTM D7216, 284
ASTM D7219, 241 (table), 247
ASTM D7220, 19, 35, 52, 201, 209, 356 (table)
ASTM D7223, 94
ASTM D7224, 218, 223
ASTM D7260, 102, 114, 356 (table), 358 (table)
ASTM D7261, 218, 223
ASTM D7266, 166 (table)
ASTM D7279, 269, 284
ASTM D7280, 240 (table), 242
ASTM D7301, 241 (table), 247
ASTM D7303, 356 (table)
ASTM D7315, 274, 284
ASTM D7318, 35, 356 (table)
ASTM D7319, 27, 28, 29, 35, 356 (table)

ASTM D7320, 284
ASTM D7321, 217 (table), 219, 221, 223
ASTM D7328, 28, 29, 31, 35, 356 (table)
ASTM D7343, 114, 356 (table), 358 (table)
ASTM D7344, 7, 19, 67
ASTM D7345, 7, 67, 95
ASTM D7346, 101, 114, 202, 209
ASTM D7347, 35, 161 (table), 164, 164 (table)
ASTM D7360, 166 (table)
ASTM D7371, 56, 200 (table), 204, 209
ASTM D7372, 376
ASTM D7397, 67
ASTM D7398, 168 (table), 172 (figure)
ASTM D7423, 166 (table)
ASTM D7451, 218, 222, 223
ASTM D7454, 238, 239 (table)
ASTM D7455, 358 (table)
ASTM D7462, 222
ASTM D7463, 216, 223
ASTM D7464, 124, 212, 216, 222

microbial contamination in fuels in, 133–134, 133 (figure)
sampling methods with, 224

ASTM D7467, 56, 64, 67, 214
ASTM D7482, 102, 114, 134
ASTM D7493, 166 (table)
ASTM D7500, 168 (table), 172 (figure)
ASTM D7501, 67, 217 (table), 219, 223
ASTM D7504, 166 (table)
ASTM D7524, 96
ASTM D7525, 153, 213, 222
ASTM D7528, 284
ASTM D7542, 240 (table)
ASTM D7544, 208
ASTM D7545, 214, 217 (table), 222
ASTM D7547, 94
ASTM D7550, 166 (table)
ASTM D7566, 82, 86, 94
ASTM D7576, 28, 164 (table)
ASTM D7589, 284
ASTM D7618, 21, 33, 34
ASTM D7619, 217 (table), 219, 223
ASTM D7621, 105, 114
ASTM D7622, 102, 114
ASTM D7623, 102, 114
ASTM D7652, 166 (table)
ASTM D7667, 9, 19, 35, 146, 153, 234
ASTM D7668, 67, 148, 153
ASTM D7671, 9, 19, 35, 234
ASTM D7687, 216, 223
ASTM D7688, 199 (table), 209
ASTM D7689, 46, 56, 67
ASTM D7691, 102, 115
ASTM D7717, 132
ASTM D7718, 122, 134–135
ASTM D7739, 131
ASTM D7740, 102, 115, 358 (table)
ASTM D7753, 160 (table)
ASTM D7754, 162 (table), 164 (table)
ASTM D7756, 166 (table), 229, 233
ASTM D7757, 19, 35
ASTM D7775, 240 (table), 247
ASTM D7777, 99, 115
ASTM D7779, 239 (table), 247
ASTM D7794, 17, 21, 22, 34
ASTM D7795, 29, 35
ASTM D7796, 33, 35, 162 (table)
ASTM D7797, 94, 96
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ASTM D7798, 168 (table), 172, 172 (figure)
ASTM D7807, 168 (table), 172 (figure), 174 (table),  

175 (table)
ASTM D7827, 223
ASTM D7828, 166 (table), 233
ASTM D7829, 100, 115
ASTM D7833, 165, 166 (table)
ASTM D7845, 168, 168 (table)
ASTM D7846, 241 (table), 247–248
ASTM D7861, 56, 204, 209
ASTM D7862, 3, 17, 21, 32, 34
ASTM D7871, 166 (table)
ASTM D7872, 93, 96
ASTM D7875, 32, 35, 162 (table)
ASTM D7876, 103, 115, 358 (table)
ASTM D7892, 166 (table)
ASTM D7900, 115
ASTM D7920, 35, 162 (table)
ASTM D7922, 168, 168 (table)
ASTM D7923, 27, 32, 33, 35

water content of ethanol in, 29
water content of methanol determined by, 31

ASTM D7945, 96
ASTM D7959, 96
ASTM D7972, 239 (table), 246
ASTM D7975, 103, 115
ASTM D7978, 216, 223
ASTM D7994, 233
ASTM D7996, 223
ASTM D8003, 174 (table)
ASTM D8009, 110, 115 (table), 135
ASTM D8011, 230
ASTM D8029, 282, 284
ASTM D8045, 104, 115
ASTM D8049, 219, 223
ASTM D8056, 358 (table)
ASTM D8070, 216, 223
ASTM D8071, 160 (table), 162 (table), 164, 164 (table)
ASTM D8076, 21, 22, 34
ASTM D8091, 240 (table), 248
ASTM D8097, 238, 239 (table)
ASTM D8098, 166 (table), 168
ASTM D8110, 356 (table)
ASTM D8149, 104, 115 (table)
ASTM D8150, 104, 115 (table)
ASTM D8166, 219, 223
ASTM D79001, 174 (table)
ASTM E29, 19
ASTM E168, 272, 284
ASTM E203, 27, 32, 33, 35

water content of ethanol in, 29
water content of methanol determined by, 31

ASTM E300, 35
ASTM E0300, 123, 128–129
ASTM E456, 376
ASTM E691, 376
ASTM E1064, 27, 32, 33, 35

water content of ethanol in, 29
ASTM E1252, 271, 284
ASTM E2412, 272, 276, 284
ASTM E3050, 21, 22, 34
ASTM EN1575, 209
ASTM International, accelerating change in, 1
ASTM MONO12, 17
atmospheric residuum, temperature ranges for, 106
atomic absorption spectroscopy (AAS), 102, 360, 360 (figure)
atomic emission detector (AED), 155, 176 (table), 177

atomic emission spectroscopy (AES), 360
automatic sampler, 135
automatic sampling

containers, 130
control systems, 130
crude oils, 130
performance monitoring, 130
petroleum and petroleum products, 130–131
proportionality, 130
sample system security, 130

automatic sampling system, 135
automatic transmission fluids, 279–280, 280 (table)
automotive engine oils

additives, 289, 293–294
antioxidant additives, 294
anti-wear agents, 294, 309
bench test development in emulation of turbocharger  

deposits, 308
bench test methods, 289–290
city driving effecting, 289
defoaming additives, 294
detergency, 311–312
detergent, 294
dispersants, 294
early application and experience with, 287–288
early studies, 288
engine standards needed for, 287–288
engine tests, 289
evolution of, 287–288
examination of used oil, 276
foaming tendency, 311, 311 (figure)
freeway driving effecting service of, 288
functions, 290–291
high-temperature, high-load driving conditions, 288–289
hydrodynamic lubrication, 308
ILSAC required test methods, 288
oil additives, 289
oxidation and deposit formation, 303–308, 303 (figure),  

304 (figure), 305 (figure), 306 (figure), 307 (figure)
oxidation vulnerability, 291–293, 291 (figure), 292 (figure), 

293 (figure)
properties, 274–275
quality levels, 288
service types comparison, 291–293, 291 (figure), 292 (figure), 

293 (figure)
service types effecting, 288–289
shear rate’s effects on, 294–303
short-trip driving effecting, 289
specifications and procedures, 275–276
temperature’s effects on, 294–303
TFOUT oxidation test on, 306, 306 (figure), 307 (figure)
turbocharger oxidation simulation tests on, 307–308, 307 (figure)
viscosity, 294–303, 295 (figure), 296 (figure), 298 (figure),  

299 (figure), 300 (figure), 302 (figure)
viscosity modifiers, 293–294
volatility, 311
wear, 308–311, 309 (figure)

automotive gasoline, use in aircraft, 75–76
automotive spark-ignition engine fuel

additives regulations, 14–15
antiknock rating, 4–6
ASTM specifications applicable for, 17–19
common terms for, 3
composition properties, 9–11
contamination, 12–13
copper corrosion, 9
corrosion properties, 9
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definitions for, 3–4
density, 13–14
distillation, 7
driveability index, 7
elastomers compatibility, 13
ferrous corrosion, 9
fuel additives, 11, 12 (table)
fuel blending components, 14–15
gasoline-oxygenate blends, 16–17
gum content, 11–12
hydrocarbon composition, 10–11
importance of specifications for, 4–5
lead content, 9–10
manganese content, 10
oxygenated fuel programs, 15–16
oxygenates, 11
performance, 8–9
peroxides, 12
phosphorus content, 10
plastics compatibility, 13
regulations driving changes in, 4
relative density, 13–14
sampling procedures, 14
silver corrosion, 9
spectroscopic methods for, 183–190, 184 (figure)
storage stability, 11–12
sulfur content, 10
sulfur regulations, 15
U.S. legal requirements for, 14–16
vapor-liquid ratio, 7–8
vapor pressure, 6–7
volatility, 6–9
volatility regulations, 15
water tolerance, 13
workmanship, 12–13

average sample, 136
Aviation Engine Octane Rating Group, 74
aviation fuels

additives, 87–94, 89 (table)
American civil jet fuels, 78, 79 (table)
American military jet fuels, 77–78, 77 (table)
anti-icing additive, 91, 94
antioxidants additive, 90, 94
ASTM/IP test methods, 94–96
ASTM specifications, 94
automotive gasoline, 75–76
aviation turbine fuels, 76
biocides, 92, 94
British military fuels, 76–77, 77 (table)
bulk properties, 82–84
color dyes additive, 89–90, 94
combustion quality, 84
compatibility with system materials, 85
composition, 81–87
conductivity improver additive, 91–92
contaminants, 86–87
corrosion, 85
corrosion inhibitors additive, 90–91
density, 73, 84
DERD 2482, 76–77
electrical conductivity, 85–86
emissions, 84
fuel system icing inhibitor, 91, 94
gasoline, 69–81 (See also aviation gasoline)
GOST specifications, 70–71, 71 (table), 80–81, 80 (table)
gum inhibitors additive, 90
high temperature stability, 85

historical development of, 69
ignition control additive, 93
inspection data on, 87, 98 (figure)
international standard specifications, 80–81, 81 (table)
jet fuels, 76
leak detector additive, 92, 94
low temperature properties, 83–84
lubricity, 82, 86
lubricity improvers additive, 90–91
manufacture, 81
metal deactivator additive, 90, 94
for nonconventional aircraft, 82
nonconventional sources of, 82
other national specifications, 80, 80 (table)
pipeline drag reducer additive, 92–93
Russian jet fuels, 80, 80 (table)
sampling, 87
separating properties, 87
special tests and miscellaneous properties, 87
specification requirements, 82
specific heat, 84
static dissipater additive, 91–92, 94
storage stability, 85
TEL, 70–71, 74, 75, 89, 93
thermal stability improver, 92, 94
trace properties, 84–87
viscosity, 82
volatility, 83
water content of, 86
water retention, 87

aviation gasoline
antiknock properties, 71
characteristics and requirements, 71–81
component of high-octane, 70
composition, 69–70
content, 70
density, 73
freezing point, 73
fuel grades, 70–71, 70 (table), 71 (table), 72 (table)
manufacture, 69–70
quality control parameters, 69
specifications, 70–71, 70 (table), 71 (table), 72 (table)
specific energy, 73
storage stability, 73–74
sulfur content, 74
unleaded, 74–75
vapor lock in fuel lines with, 73
vapor pressure for, 73
volatility, 71–73
water reaction, 74

aviation turbine fuels, 76, 211

B
bacterial endotoxin, with white mineral oils, 252
ball bearings, 328, 332
base oils

aniline point, 263
ASTM/IP lubricant test methods, 265
ASTM tests, 258, 258 (table)
biological properties, 264
characterization methods, 258–264
composition, 257
evaporative loss/volatility characteristics, 262
hydrocarbon-type compositional analysis, 258–259
international standards, 264
miscellaneous properties, 264
nitrogen compounds in, 261
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olefins, 261–262
oxidation, 260–261, 260 (figure)
pour point and rheology, 262–263
refining, 257–258
rubber compatibility, 263–264
solvency, 263
spectrometric identification, 259–260
sulfur compounds, 261

batch, 136
bearings

ball, 328, 332
hardness and finish, 308
small, lubricating greases in, 333
tapered roller, 328
wheel, 331, 331 (figure), 333

bench test
development in emulation of turbocharger deposits, 308
lubricating oils in laboratory, 268
methods, 289–290

benzene, 11, 184
bias, relative, 374–375
biocides

aviation fuels with, 92, 94
fuel additives, 151

biodiesel content
fuel oils, 203–204
heating fuels, 192

biodiesel fuel, 54–55
acid number, 64, 66
ash content, 62, 64
ASTM specifications, 67
ASTM task force history for, 58
blends, 57
blend specifications, 62–64
carbon residue, 62, 64
cetane number, 62, 64
characteristics, 64–66
characterization of, 58–59, 59 (table)
cold soak filterability parameter, 62
composition of, 57–58
defined, 58–59
density, 66
described, 58–59
detailed requirements, 61 (table)
distillation curve for, 60
fatty acid profile used in, 62 (table)
federal and state-based public policy, 57
flash point, 62
free glycerin method, 66
funding standards development for, 59
oxidation stability, 66
petrodiesel distinguished from, 60
phosphorous content, 62, 66
potassium, 66
quality determination for, 59
reaction, 59 (table)
reduced pressure distillation, 66
sodium, 66
sodium and potassium combined in, 62
stability, 62, 66
standards, 60–62
standards development history for, 59–60
sulfated ash, 64
sulfur content, 64
testing methods for measurement of, 62
total glycerin method, 66
vacuum distillation, 62

biofuels
gas chromatography test methods for, 168, 168 (table)
state mandates, 26
test methods needed for, 211

blended gasoline
ASTM test methods based on chromatography for, 161–164, 

163 (table), 164 (table)
olefins in, ASTM test methods for, 164–165, 164 (table)
oxygenates in, ASTM test methods for, 162 (table)

blend planning, spectroscopic methods with proactive use of, 
189–190

blue-flame high-pressure gun burners, 194
boiling point, ethane, 226
boiling point distribution

crude oil, 105–106
petroleum waxes, 345

bomb oxidation test, 331–332, 332 (figure)
boring sample, 136
bottom sample, 136
bottom water sample, 136
Brayton cycle, 37
British military fuels, 76–77, 77 (table)
bubble point, 136
burner fuels, 191–209, 199–200 (table), 206 (table)

ASTM specifications, 208
lubricating oil used as, 193

burning equipment
air-atomizing burners, 195
blue-flame high-pressure gun burners, 194
description of, 194
domestic heating oils, 194
kerosine, 194–195
low-pressure atomizing burner, 194
residual oil, 195
rotary-type burners, 195
wick-fed blue-flame-type burner, 195
wick-fed yellow-flame-type burner, 194

butadiene (C4H6)
ASTM specifications, 234
petrochemical applications, 232
production of, 232

butanes, 225, 226
quality criteria, 227

butanol
acidity, 33
appearance, 33
color, 33–34
copper strip corrosion, 33
density, 34
existent gum content, 34
inorganic chloride content, 33
inorganic sulfate content, 33
solvent-washed gum content, 33
test methods for, 32
water content, 32–33
workmanship, 33

butylene (C4H8)
ASTM specifications, 234
petrochemical applications, 231–232
quality criterion for, 232

C
cadmium content, crude oils, 102
calcining process, 236
calcium content

diesel fuels, 54
nonaviation gas-turbine fuel, 54
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calcium soap greases, 323
calcium sulfonate greases, 323–324
calibration, 169 (figure), 170 (figure), 184

direct match technique for, 186
general, 186
site-specific, 186
spectroscopic methods, 186
stream-specific, 186

California Air Resource Board (CARB)
ASTM test methods for, 164 (table)
correlation equation, 184

Canadian Crude Quality Technical Association, 112
carbon residue

biodiesel fuel with, 62, 64
crude oil, 104
diesel fuels, 53
fuel oils, 198
nonaviation gas-turbine fuel, 53

carbonyl sulfide (COS), 225
centrifuge test, lubricating greases, 330–331
cetane index

diesel fuels, 45–46
nonaviation gas-turbine fuel, 45–46

cetane number, biodiesel fuel, 62, 64
cetane number improvers (diesel ignition improvers), 147–148
characterization factor, crude oil, 101
charged aerosol detection (CAD), 157
chloride content

butanol, 33
ethanol, 27, 29
methanol, 31

chromatographic methods
analyses of aromatics, feedstocks, and products using, 165, 

166 (table)
atomic emission detector, 176 (table), 177
blended gasoline testing based on, 161–164, 163 (table), 164 (table)
comprehensive two-dimensional GC, 179
detailed hydrocarbon analyses with, 158–161, 158 (table), 

159–161 (table)
flame photometric detector, 176 (table), 177
forms used by petroleum industry of, 155
future improved selective detectors, 180
future trends in, 179–180
gas chromatography, 155, 156 (figure), 165–175, 166 (table), 

168 (table), 169 (figure), 170 (figure), 172 (figure),  
172 (table), 173 (figure), 174 (table), 175 (table),  
176 (figure), 176 (table), 178 (figure), 179 (table)

gas chromatography-vacuum ultraviolet, 177–178
ICP-MS detection system, 177, 178 (figure)
ion chromatography, 155, 157
liquid chromatography, 155–157, 156 (figure), 178, 179 (table)
MS and coupled MS as future, 180
multidimensional PIONA test methods with, 158–161,  

158 (table), 159–161 (table)
naphtha range petroleum samples analyses with, 158–164, 

158 (table), 159–161 (table)
nitrogen chemiluminescence detector, 175–177
olefins in naphthas and blended gasolines with testing based 

on, 164–165, 164 (table)
selective detectors for petroleum fractions, 175–179,  

176 (figure), 176 (table), 178 (figure), 179 (table)
simdis analysis, 168–174, 169 (figure), 170 (figure), 172  

(figure), 172 (table), 173 (figure), 174 (table), 175 (table)
simulated distillation of naphthas, distillates, and high-boiling 

streams by, 168–175, 169 (figure), 170 (figure), 172 (figure), 
172 (table), 173 (figure), 174 (table), 175 (table), 176  
(figure), 176 (table), 178 (figure), 179 (table)

sulfur chemiluminescence detector, 175, 176 (figure),  
176 (table)

supercritical fluid chromatography, 155, 157–158,  
157 (figure), 178–179, 179 (table)

ultrafast GC, 179–180
Clean Air Act, U.S.

additives regulations, 14–15
fuel oxygenates regulation with, 22–24, 25 (table)
gasoline regulations from, 4

cleanliness
ASTM methods for, 223
color, 222
diesel fuels, 47–48
lead precipitate, 222
light fuels differs from residual fuels with, 211
liquid fuels, 211–224, 217 (table)
microbial, 220–221
miscellaneous properties related to, 222
nonaviation gas-turbine fuel, 47–48
requirements for, 217 (table)
sampling, 222
sediment content, 220
test methods for, 215–220, 217 (table)
water content, 220
water reaction interface rating, 222
workmanship and general requirements with, 212

clearance sample, 136
cloud point

diesel fuels, 47
fuel oils, 202–203
lubricating oils, 272
nonaviation gas-turbine fuel, 47
rubber oils, 319
white mineral oils with, 252

coal tar pitch. See pitch
cold filter plugging point, 47
cold soak filterability parameter, biodiesel fuel, 62
color

cleanliness, 222
kerosine, 208
lubricating oils, 273
petroleum waxes, 344
rubber oils, 318–319
stability, 222
white mineral oils, 252

color dyes additive
aviation fuels with, 89–90, 94
gasoline, 146
red dye, 53, 151–152, 192

combustion characteristics
diesel fuels, 45
nonaviation gas-turbine fuel, 45

combustion process
diesel engine, 38, 39 (figure)
nonaviation gas-turbine engine, 38–39

combustion quality, aviation fuels, 84
compartment-tank composite sample, 136
compatibility

ASTM methods for, 224
fuel oils, spot test for, 204
heavy and residual fuels, 221–222
test methods for, 221–222

complex soap greases, 323
component testing, 136
composite sample, 136
compositional analysis, liquefied petroleum gas, 230
composition properties, 9–11
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conductivity
aviation fuels, 85–86
diesel fuel, 149
fuel oils, 200 (table), 204
thermal, 244

conductivity improver additive, in aviation fuels, 91–92
constant volume sample container, 136
container fill, 230
contaminants

ASTM methods for, 223
aviation fuels, 86–87
liquid fuels, 211, 212
natural gas, 225

contamination
automotive spark-ignition engine fuel, 12–13
lubricating greases, 336, 336 (figure)

contamination control additives, 151
continuous sample, 136
Coordinating Research Council (CRC), 8, 10, 93

Aviation Engine Octane Rating Group, 74
Diesel Performance Panel, 220
Driveability Task Force, using data from, 7

copper content
crude oils, 102
ethanol, 27, 29

copper corrosion
aviation fuel sampling affected by, 131
butanol, 33
fuel oils, 201
kerosine, 206 (table), 208
liquefied petroleum gas, 229
lubricating greases, 335, 335 (figure)
methanol, 32
spark-ignition engine fuel, 9

copper corrosion inhibitors, gasoline additive, 146
core sample, 136
corrosion. See also copper corrosion

aviation fuels, 85
lubricating greases, 335–336, 335 (figure)
properties, 9

corrosion inhibitors, fuel additives, 151
corrosion inhibitors/lubricity improvers (CI/LIs)

aviation fuels with, 90–91
crude oils, 226

analysis of, 97
analytical method improvements needed for, 113
API gravity, 98–99
API research projects on, 97
arsenic content, 101
ash content, 105
asphaltenes, 105
ASTM/UOP standards, 113–115
automatic sampling, 130
boiling point distribution, 105–106
cadmium content, 102
carbon residue, 104
characterization factor, 101
chromatogram of high-temperature simdis of, 172 (figure)
compatibility, 111–112
complex composition of, 97
comprehensive assay format, 108 (table)
comprehensive assays, 106–110
copper content, 102
dead, 136
distillate fuel oil fraction, 109
economics in assays of, 97
fluidity, 100–101

as fuel, 111
future needs in characterization, 112–113
gas fraction, 107
HTSD in assessment of, 106, 110, 171
hydrogenation processes for reduction of sulfur and nitrogen 

in, 112
hydrogen sulfide, 104–105
inspection assays, 98–106
iron content, 101
kerosine fraction, 109
lead content, 101
live, 137
manual piston cylinder sampling for volatile, 135
methanol, 105
naphtha fraction, 107, 109
nickel content, 101
organic chlorides, 104
organic halides, 104
pour point, 100–101
propane, and butanes from, 226
referee test methods, 110
residuum fraction, 109–110
salt content, 99–100
sampling, 110–111
sediment content, 100
sulfur content, 99
total acid number, 103–104
total nitrogen content, 104
trace elements, 101–103
true boiling point distillation curves for, 107 (figure)
vacuum gas oil fraction, 109
vanadium content, 101
vapor pressure, 103
viscosity, 100–101
water content, 100
zinc content, 102

D
dead bottom sample, 136
dead crude oil, 136
dead legs, 136
dead volume, 136
deck composite sample, 136
deep-draft vessel propulsion, 40
defoaming additives, 294
dehazers, 146
de-icer additives, 149
demulsifiers

fuel additives, 151
gasoline additive, 147

denaturants, ethanol, 28
D.Eng.RD. (DERD)

2482 specification of, 76–77
density

anode/cathode tests for, 243
automotive spark-ignition engine fuel, 13–14
aviation fuels, 73, 84
biodiesel fuel, 66
butanol, 34
defined, 136
diesel fuels, 45
fuel oils, 200 (table), 201–202
graphite, 244
liquefied petroleum gas, 229
manufactured carbon, 244
nonaviation gas-turbine fuel, 45
petroleum coke, 238
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petroleum waxes, 344
pitch, 242
for white mineral oils, 253

detailed hydrocarbon analysis (DHA)
naphtha analyses with, 158–161, 158 (table), 159–161 (table)

detergents, 294
automotive engine oils, 311–312
gasoline additive, 143–144

Deutches Institut fur Normung, 1
dielectric breakdown voltage, of white mineral oils, 252–253
diesel engine, 276–277

alternative fuels for, 54–55
applications, 37
classification, 37
combustion process, 38, 39 (figure)
design, 38
fuel characteristics and specifications for, 39–40, 41 (table)
fuel properties for, 38
ignition, 38
ignition delay, 38
injection of fuel, 38
operating speeds, 37
pressure charging, 38
pressure variations in, 40 (figure)
range of, 38 (table)
three grades of diesel fuel for, 42, 43 (table)

diesel fuel additives
aftermarket, 153
anti-foams, 149
antioxidants, 150
biocides, 151
California regulations on, 152
cetane number improvers, 147–148
conductivity additive, 149
contamination control additives, 151
corrosion inhibitors, 151
de-icer additives, 149
demulsifiers, 151
diesel ignition improvers, 147–148
dispersants, 150
distribution system additization, 152
drag reducer, 149
engine and fuel delivery system performance, 147
fuel cleanliness, 151
fuel handling improvement additives, 149–150, 150 (table)
fuel stability additives, 150
functions of, 143
injector cleanliness, 148, 148 (figure)
low temperature operability improver additives, 149–150,  

150 (table)
lubricity additives, 148
metal deactivators, 150
red dye, 53, 151–152, 192
smoke suppressants, 148
stabilizers, 150
types of, 146–147

diesel fuels
acid number, 54
alternative, 54–55
aromatic content, 50
ash content, 53
ASTM standards, 55–56
calcium content, 54
carbon residue, 53
cetane index, 45–46
cleanliness, 47–48
cloud point, 47

cold filter plugging point, 47
combustion characteristics, 45
density, 45
distillation characteristics, 46, 46 (figure)
flash point, 49
grades of, 43–45
heat content, 50–51, 51 (table)
ignition characteristics, 45
ISO marine fuels specification, 43
lead content, 54
low-temperature flow test, 47
lubricity, 49–50
oxidative stability, 48–49
potassium content, 54
pour point, 47
properties, 45–55
red-dyed, 53, 151–152, 192
requirements for, 44 (table)
sodium content, 54
stability, 48–49
storage stability, 49
sulfur grades with, 42
supercritical fluid chromatography for, 178–179, 179 (table)
tests, 45–55
thermal stability, 48
three grades of, 42, 43 (table)
total sulfur, 51–52, 52 (table)
ultra-low sulfur, 143
vanadium content, 54
viscosity, 46–47
volatility, 46

diesel ignition improvers. See cetane number improvers  
(diesel ignition improvers)

diesel ignition improvers fuel additive, 147–148
Diesel Performance Panel, 220
diisopropyl ether (DIPE), 16
dimethylformamide insolubles, pitch, 242–243
diolefins, petrochemical applications, 231–232
dipper sample, 136
direct match technique, 186
dispersants, 150, 294
dissolved water, 136
distillate fuel oil

crude oil fraction, 109
temperature ranges for, 106

distillate fuels, representative sample, 122
distillation

fuel oils, 197
kerosine, 206 (table), 207–208
pitch, 242
spark-ignition engine characteristics with, 7
for white mineral oils, 253

distillation characteristics
diesel fuels, 46, 46 (figure)
nonaviation gas-turbine fuel, 46, 46 (figure)

distillation curve, for biodiesel fuel, 60
domestic heating oils, 191–192

burning equipment associated with, 194
drag reducer fuel additive, 149
drain sample, 136
driveability index, spark-ignition engine characteristics  

with, 7
Driveability Task Force, 7
droplet dispersion condition, 136
dropping point, lubricating greases, 329–330, 329 (figure)
dry-bath RPVOT, 305, 305 (figure)
dust control material, for petroleum coke, 238
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dyes
aviation fuels additive, 89–90, 94
gasoline additive, 147
red, diesel fuel additives, 53, 151–152, 192

dynamic viscosity, 268–269, 296

E
E85. See flex fuel (E85)
e-diesel, 55
elastomers compatibility, 13
electrical conductivity

aviation fuels, 85–86
aviation fuel sampling affected by, 131

electrical resistivity
anode/cathode tests for, 243
graphite, 244–245
manufactured carbon, 244–245

electron capture detectors (ECD), 155
emissions, aviation fuels, 84
emulsified fuels, 55
emulsion, 136
Energy Independence and Security Act of 2007 (EISA 2007), 21, 

23, 25, 25(table)
Energy Institute, 1
Energy Policy Act of 2005 (EPACT 2005), 25
engine and fuel delivery system performance additives, 147
engine oil bench test methods, 289–290
entrained water, 137
Environmental Protection Agency (EPA)

additives regulations, 14–15
ASTM test methods for, 163 (table)
correlation equation, 184
fuel oxygenates regulation with, 21, 22
gasoline regulations from, 4
manganese content, 10
red dye required as additive by, 151, 192
reformulated gasoline adopted by, 25

ethane
ASTM specifications, 233
boiling point of, 226
quality criteria, 227

ethanol
acidity, 27, 29
Alcohol and Tobacco Tax and Trade Bureau in regulation of, 

24–25
alternative fuels program in regulation of, 26
ASTM fuel specifications for, 26–34
Clean Air Act in regulation of, 22–24, 25 (table)
Clean Fleets Program in regulation of, 26
copper content, 27, 29
denaturants, 28
EPA approval for, 21
existent sulfate content, 27–28
fuel blends test methods for, 28
hydrocarbons, 29
inorganic chloride ion content, 27, 29
octane specification with, 188
organometallic compounds content, 30
pHe, 27, 29
regulatory approval of, 22–26
sampling procedures for, 34
solvent-washed gum, 26, 29
state biofuel mandates, 26
sulfur content, 27, 29
test methods needed for, 211
vapor pressure, 28
water content, 27, 29
workmanship, 28–30

ethers, 55
ethylene (C2H4)

ASTM specifications, 234
gas chromatography in analyses of, 166–168, 166 (table)
petrochemical applications, 231

Ethyl tert-Butyl Ether (ETBE), 16
butanol, 33
test methods for, 33

European Committee for Standardization, 1
European Pharmacopoeia (EP), 249

bacterial endotoxin requirement in, 252
evaporation loss

lubricating greases, 330
lubricating oils, 274
rubber oils, 319

evaporative light scattering detection (ELSD), 157
existent gum content, butanol, 34
existent sulfate content, ethanol, 27–28

F
fatty acid methyl esters (FAME), 86, 93–94

test methods needed for, 211
Federal Trade Commission, antiknock rating regulations of, 6
feedstocks, chromatographic methods in analyses of, 165, 166 (table)
ferrous corrosion, 9
ferrous corrosion inhibitors, gasoline additive, 145
fire point

fuel oils, 196
lubricating oils, 272–273
for white mineral oils, 253

Fischer-Tropsch fuels, 55
flame ionization detector (FID), 155, 157–158, 170–171
flame photometric detector (FPD), 155, 176 (table), 177
flash point

biodiesel fuel, 62
defined, 137
diesel fuels, 49
fuel oils, 196, 199 (table)
kerosine, 206 (table), 207
lubricating oils, 272–273
nonaviation gas-turbine fuel, 49
petroleum waxes, 344
for white mineral oils, 253

flex fuel (E85), 3
floating piston cylinder (FPC), 137
floating roof sample, 137
flow-proportional sample, 137
fluidity, crude oil, 100–101
foam, lubricating oils, 274
foaming tendency, automotive engine oils, 311, 311 (figure)
Food Chemical Codex (FCC), 249

bacterial endotoxin requirement in, 252
four-ball test, 309, 309 (figure)

lubricating greases, 333–334
Fourier-transform infrared spectroscopy (FTIR), 155, 183. See also 

spectroscopic methods
free glycerin method, 66
free water, 137
freezing point

aviation gasoline, 73
kerosine, 206 (table), 208

fuel additives, 11, 12 (table). See also diesel fuel additives
aviation, 87–94, 89 (table)
biocides, 151
cleanliness, 151
handling improvement, 149–150, 150 (table)
stability, 150
U.S. regulations, 14–15
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fuel blends test methods, for ethanol, 28
fuel injection

diesel engine, 38
nonaviation gas-turbine engine, 38–39

fuel oils
acid number, 200 (table), 203
ash content, 198, 199 (table)
biodiesel content, 203–204
carbon residue, 198
classification, 196
cloud point, 202–203
conductivity, 200 (table), 204
copper corrosion, 201
density, 200 (table), 201–202
distillation, 197
fire point, 196
flash point, 196, 199 (table)
heat content, 204
laboratory tests, 196–205
lubricity, 199 (table), 201
microbial contamination, 205
nitrogen, 204–205
oxidation stability, 203
pour point, 200 (table), 202
regulations affecting, 192
requirements, 199–200 (table)
sediment content, 196–197
specifications, 196
spot test for compatibility, 204
stability, 203
storage stability, 203
sulfur content, 198–201, 199 (table)
viscosity, 197–198
water content, 196–197, 199 (table)

fuel oxygenates
Alcohol and Tobacco Tax and Trade Bureau in regulation of, 

24–25
alternative fuels program in regulation of, 26
ASTM fuel specifications for, 26–34
ASTM test methods for, 34–35
Clean Air Act in regulation of, 22–24, 25 (table)
Clean Fleets Program in regulation of, 26
EPA approval for, 21, 22
regulatory approval of, 22–26
renewable fuels standard in regulation of, 25
sampling procedures for, 34
state biofuel mandates, 26
types of, 22–26

fuels. See also aviation fuels; diesel fuels
automotive spark-ignition engine fuel, 3–19
burner, 191–209, 199–200 (table), 206 (table)
diesel engine, 37–56
gaseous, 55, 232–234
gas-to-liquids, 55
gas-turbine engine, 37–56
heating, 191–209, 199–200 (table), 206 (table)
heavy, 221–222
light, 211
lighting, 191–209, 199–200 (table), 206 (table)
liquid, 211–224, 217 (table)
oxygenates, 21–35

fuel system icing inhibitor (FSII)
aviation fuels with, 91, 94

G
gas, 3

crude oil fraction, 107
temperature ranges for, 106

gas chromatography (GC)
analyses of gases by, 165–168, 166 (table)
biofuels and miscellaneous test methods with, 168, 168 (table)
comprehensive two-dimensional, 179
detectors used in, 155
future trends and prospects for, 179–180, 365–367, 367 

(figure)
naphtha analyses with, 158 (table)
schematic, 156 (figure)
separation mechanisms in, 155
simdis analysis by, 168–174, 169 (figure), 170 (figure), 172 

(figure), 172 (table), 173 (figure), 174 (table), 175 (table)
simulated distillation of naphthas, distillates, and high-boiling 

streams by, 168–175, 169 (figure), 170 (figure), 172 (figure), 
172 (table), 173 (figure), 174 (table), 175 (table), 176  
(figure), 176 (table), 178 (figure), 179 (table)

ultrafast, 179–180
gas chromatography-flame ionization detector (GC-FID), 158
gas chromatography-Fourier-transform infrared spectroscopy 

(GC-FTIR), 158
gas chromatography-mass spectrometry (GC-MS), 155, 158
gas chromatography-vacuum ultraviolet (GC-VUV), 177–178

analyses of naphthas with, 158
gas engine oils, 278
gaseous fuels, 55

ASTM specifications, 233–234
test methods used for, 232–234

gasohol, 3
gasoline, 3

automotive, use in aircraft, 75–76
aviation, 69–81 (See also aviation gasoline)
defined, 4
natural, 230–231
regulations driving changes in, 4
supercritical fluid chromatography for, 178–179, 179 (table)

gasoline additives
antioxidants, 144–145
application throughout fuel delivery system of, 147
ASTM specifications, 153
copper corrosion inhibitors, 146
demulsifiers and dehazers, 146
detergents, 143–144
dyes, 146
ferrous corrosion inhibitors, 146
markers, 146
metal deactivators, 145
octane improvers, 146
silver corrosion inhibitors, 146

gasoline-ethanol blend, 3
gasoline-oxygenate blends, 4

sampling of, 17
test methods for, 17
use of, 16–17

gas-to-liquids fuels, 55
gas-turbine lubricants, 277–278, 278 (table)
gear oils, 278–279
Gelation Index curves, 302 (figure)
gel permeation chromatography (GPC), 156, 156 (figure)
GOST (Gosstandart) specifications, 70–71, 71 (table), 80–81, 80 

(table)
grab, 137
grab sample, 137
graphite

anode/cathode tests for, 243–244
ash content, 244
atomic structure associated with, 235–236, 236 (figure)
calcining process for, 236
compressive strength, 245
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density, 244
elasticity, 245–246
electrical resistivity, 244–245
flexural strength, 246
flow diagram for production of, 237 (figure)
fracture toughness, 247
friction and wear, 246–247
fundamental frequencies, 245–246
graphitization process for, 236–237
high-temperature gas-cooled nuclear reactors, 246
impervious graphite pipe and threading, 245
irradiation results, 245
manufacturing methods for, 237–238
measurements, 247
metals, 245
modulus of rupture in bending, 247
moisture, 245
nuclear graphites specification, 247
oxidation mass loss, 247
porosity, 244
properties of, 235–248
pyrolytic graphite in manufacture of, 237–238
reactivity, 247
Rockwell hardness, 245
sample preparation, 248
sampling, 246
scleroscope hardness, 245
sonic velocity, 246
specific gravity, 244
sulfur content, 247
tensile properties, 245
tensile stress-strain, 246
terminology methods, 244
test methods for, 239–241 (table), 244–248
thermal diffusivity, 246
uniaxial strength, 247–248

graphitization process, 236–237
greases. See also lubricating greases

in-service samples of lubricating, 134–135
sample, 122, 137

gum content, 11–12
solvent-washed, 26, 29, 30, 32, 33

gum inhibitors additive, aviation fuels with, 90

H
Hardgrove Grindability Index, for petroleum coke, 238
heat content

diesel fuels, 50–51, 51 (table)
fuel oils, 204
nonaviation gas-turbine fuel, 50–51, 51 (table)

heating fuels, 191–209, 199–200 (table), 206 (table)
ASTM specifications, 208
biodiesel in, 192
burning equipment associated with, 194
kerosine as, 192
transportation of distillate, 193

heating oils, domestic, 191–192, 194
heat of combustion, 84
heat resistance, lubricating greases, 328–329, 329 (figure)
heavy-ends limitation, liquefied petroleum gas, 228–229
heavy fuels, compatibility with residual and, 221–222
heavy naphtha, temperature ranges for, 106
heavy vacuum gas oil (HVGO), 106
helium, natural gas with, 232
heterogeneity, 119–122, 120 (figure), 121 (figure)
high pressure cylinder, 137
high pressure sample cylinder, 137

high temperature simulated distillation (HTSD), 169–171, 
173–175

analysis of crude oils with, 171
boiling point distribution determination with, 106
crude oil assessment with, 106, 110
sample dilution required in, 170

high temperature stability, aviation fuels, 85
homogeneity, 119–122, 120 (figure), 121 (figure), 137
hydraulic fluids, representative sample, 122
hydraulic oils, 281–282, 281 (table)
hydrocarbons, 225, 226

ethanol, 29
methanol, 30
naphtha, test methods for, 159–161 (table)
spark-ignition engine fuel with, 10–11
test methods used for, 232–234

hydrocarbon-type compositional analysis, 258–259
hydrodynamic lubrication

bearing hardness and finish, 308
load-bearing contact area, 308

hydrogenation processes, 112
hydrogen sulfide, crude oil, 104–105

I
ignition, diesel engine, 38
ignition characteristics

diesel fuels, 45
nonaviation gas-turbine fuel, 45

ignition control additive, aviation fuels with, 93
ignition delay, 38
ignition standard test, 338
inductively coupled plasma (ICP), 103, 270–271
Inductively Coupled Plasma-Atomic Emission Spectrometry  

(ICP-AES), 102, 360–361, 361 (figure)
inductively coupled plasma/mass spectrometry (ICP-MS), 155, 

361–362, 362 (figure)
petroleum fractions detection system, 177, 178 (figure)
triple quadrupole, 363–364, 363 (figure)

inductively coupled plasma-optical emission spectrometry  
(ICP-OES), 360–361

industrial chemicals, sampling, 128–129
industrial engine oils, 277
inert gas, 137
inerting, 137
infrared (IR) technologies, 183–184. See also spectroscopic methods
injector cleanliness additives, 148, 148 (figure)
inorganic chloride ion content, ethanol, 27, 29
inorganic species, in petroleum products and lubricants

analytical methods in determination of, 351–355, 352–354 
(table), 356 (table)

atomic spectroscopy, 358–363, 359 (table)
current state, 351–358
elemental analysis, 351
future prospects, 365–367, 365 (figure)
historical perspective, 351
quality assurance of results, 297
recent instrumental developments, 363–365
sample preparation in determination of, 355–358, 357 (fig-

ure), 358 354 (table)
inorganic sulfate content

butanol, 33
methanol, 31

intermediate conditions, 371
intermediate sample container, 137
Internal Revenue Service (IRS)

red dye required as additive by, 151, 192
International Air Transport Association (IATA), 80
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International Organization for Standardization, 1
ion chromatography (IC), 155, 157
IP 2, 256, 265
IP 13, 265
IP 14, 265
IP 15, 256, 265, 283
IP 34, 256, 265, 282
IP 36, 256, 265, 282
IP 40, 222
IP 53, 221, 223
IP 61, 283
IP 71, 255, 256, 265, 283
IP 74, 221, 223, 282
IP 123, 256
IP 131, 12, 223
IP 135, 9, 283
IP 138, 222
IP 139, 283
IP 146, 265, 283
IP 154, 10, 283
IP 160, 255, 265
IP 163, 283
IP 177, 265
IP 196, 265, 283
IP 216, 223
IP 219, 255, 265
IP 226, 265, 283
IP 299, 265
IP 323, 222
IP 356, 221, 223
IP 365, 255, 265
IP 375, 221, 223
IP 378, 215, 222
IP 379, 265
IP 386, 221, 223
IP 388, 213, 222
IP 406, 265
IP 415, 223
IP 423, 219, 223
IP 496, 265
IP 583, 94
iron, crude oils, 101
isooctane, 70

J
Japanese Industrial Standards in Japan, 1
Japan Pharmacopeia (JP), 249

bacterial endotoxin requirement in, 252
jar sample, 137
jet fuels, 76

American civil, 78, 79 (table)
American military, 77–78, 77 (table)
Russian, 80, 80 (table)
supercritical fluid chromatography for, 178–179, 179 (table)

jet skis, 3
joule cycle, 37

K
kerosine

burning characteristics of, 205–207
burning equipment associated with, 194–195
burning tests for, 207
char formation on wick with, 206
color, 208
copper strip corrosion, 206 (table), 208
crude oil fraction, 109
defined, 192

distillation, 206 (table), 207–208
feed to wick constancy with, 205–206
flash point, 206 (table), 207
freezing point, 206 (table), 208
initial flame height smoke point with, 205
laboratory tests for, 207–209
lamp-glass deposit formation with, 206–207
mercaptan sulfur, 206 (table), 208
performance evaluation, 205–207, 206 (table)
requirements for, 206 (table)
sulfur, 206 (table), 208
temperature ranges for, 106

kinematic viscosity, 269–270
application of, 295–296

L
laboratory information management system (LIMS), 187–188
laboratory sample, 137
lead content, 9–10

crude oils, 101
diesel fuels, 54
methanol, 30
nonaviation gas-turbine fuel, 54

lead precipitate
cleanliness, 222
stability, 222

leak detector additive, aviation fuels with, 92, 94
light ends, 137
light fuels, residual fuels differs from, 211
lighting fuels, 191–209, 199–200 (table), 206 (table)

ASTM specifications, 208
kerosine as, 192

light naphtha, temperature ranges for, 106
light vacuum gas oil (LVGO)

temperature ranges for, 106
linefill, 137
liquefied petroleum gas (LPG), 225

ASTM specifications, 233
component analysis, 230
copper corrosion, 229
defined, 137
density, 229
heavy-ends limitation, 228–229
percentage fill of cylinders of, 230
properties, 228–230
quality criteria, 227
representative sample, 122
residue, 229
sampling, 129, 228
sulfur content, 229–230
test methods, 228–230
vapor pressure, 228
water content, 230

liquefied refinery gas, 226
liquid-bath RPVOT, 303, 303 (figure)
liquid chromatography (LC), 155

classification., 156 (figure)
detectors used in, 157
future prospects, 367
separation mechanisms in, 156, 156 (figure)
supercritical fluid chromatography applications, 178,  

179 (table)
liquid fuels

contaminants, 211, 212
sediment content, 212
stability and cleanliness, methods for assessing, 211–224,  

217 (table)
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water content, 212
workmanship and general requirements with, 212

lithium soap greases, 323
live crude oil, 137
loading zone sample, 137
lot, 137
lower sample, 137
low-pressure atomizing burner, 194
low temperature engine startability, 296
low-temperature flow test (LTFT), 47, 150
low temperature operability improver additives, 149–150, 150 (table)
lubricant base oils, 257–265. See also base oils
lubricants

inorganic species in, 351–367
representative sample, 122

lubricating greases
accelerated corrosion tests, 335
aluminum soap greases, 323
apparent viscosity, 327–328
ASTM/IP standards, 338–339
ball bearings, 328, 332
block penetration, 326
bomb oxidation test, 331–332, 332 (figure)
calcium soap greases, 323
calcium sulfonate greases, 323–324
centrifuge test, 330–331
characteristics, 323–324
chemical analysis, 337
classification and specifications, 324–325, 325 (table)
compatibility, 337
complex soap greases, 323
composition, 322
cone penetration, 325–326
consistency, 325
consistency stability, 326
contamination, 336, 336 (figure)
copper corrosion, 335, 335 (figure)
corrosion, 335–336, 335 (figure)
defined, 321
described, 321–322
discontinued standards, 337
dropping point, 329–330, 329 (figure)
elastomer compatibility, 336–337
at elevated temperatures, 332
evaporation loss, 330
extreme pressure and wear, 333–335
flow properties, 327
four-ball test, 333–334
fretting wear, 334
function, 321
heat resistance, 328–329, 329 (figure)
ignition standard test, 338
international standards, 338
ISO standards, 338, 338 (table)
leakage from wheel bearings, 331, 331 (figure)
lithium soap greases, 323
low-temperature penetration, 326–327
low-temperature torque, 328
NLGI consistency numbers, 326, 326 (table)
oil separation, 330–331, 331 (figure)
organoclay greases, 324
oscillating motion, 334
oscillating wear tests, 334–335
oxidation stability, 331–333, 332 (figure)
polyurea, 322, 324
pressure differential scanning calorimetry oxidation test, 332
prolonged worked penetration, 326–327

roll stability, 327
rust prevention, 335
selection, 322–323
in small bearings, 333
sodium soap greases, 323
standards under development, 338
static bleed tests, 330, 331 (figure)
tapered roller bearings, 328
test methods, 325–331
Timken method, 333
undisturbed penetration, 326
unworked penetration, 326
urea greases, 324
water effects, 335
water spray-off, 336, 336 (figure)
water washout, 335–336
wear preventive characteristics, 334
wheel bearing grease life, 333
worked penetration, 326

lubricating oils
air compressor, 282
API gravity, 273
ASTM/IP standards, 282–284
automatic transmission fluids, 279–280, 280 (table)
automotive engine, 274–276
burner fuel using, 193
chemical tests, 267
cloud point, 272
color, 273
composition, 268
elemental analysis, 270–271
engine and rig tests, 268
evaporation loss, test method, 330
evaporative loss, 274
flash and fire points, 272–273
foam, 274
function, 267
gas engine, 278
gas-turbine, 277–278, 278 (table)
gear, 278–279
general properties, 268–274
haze/turbidity, 273–274
hydraulic, 281–282, 281 (table)
inductively coupled plasma, 270–271
industrial and railway engine, 277
laboratory bench tests, 268
machine tool tableway, 282
manufacture, 268
marine diesel engine, 276–277
physical tests, 267
physicochemical tests, 268
pour point, 272
quality assessment, 267–268
refrigerator compressor, 282
relative density, 273
significance of tests, 268
specifications and procedures, 275–276
specific gravity, 273
steam cylinder, 282
steam-turbine, 280–281
viscosity, 268–270, 270 (table)
viscosity index, 270
volatility, 274
x-ray fluorescence in analysis of, 271

lubrication
hydrodynamic, 308
viscosity index improvers’ impact on, 297–299, 298 (figure)
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lubricity
additives, 148
aviation fuels, 82, 86
diesel fuels, 49–50
fuel oils, 199 (table), 201
improvers, aviation fuels with, 90–91
nonaviation gas-turbine fuel, 49–50

luminosity, methanol, 31

M
M85. See methanol fuel (M85)
machine tool tableway lubricating oils, 282
manganese content, 10
manual piston cylinder (MPC), 137
manual sampling

liquid fuels, 133–134, 133 (figure)
microbial contamination in fuels, 133–134, 133 (figure)
petroleum and petroleum products, 129–130

manufactured carbon
anode/cathode tests for, 243–244
ash content, 244
atomic structure associated with, 235–236, 236 (figure)
calcining process for, 236
compressive strength, 245
density, 244
elasticity, 245–246
electrical resistivity, 244–245
flexural strength, 246
flow diagram for production of, 237 (figure)
fracture toughness, 247
friction and wear, 246–247
fundamental frequencies, 245–246
high-temperature gas-cooled nuclear reactors, 246
impervious graphite pipe and threading, 245
irradiation results, 245
measurements, 247
metals, 245
modulus of rupture in bending, 247
moisture, 245
nuclear graphites specification, 247
oxidation mass loss, 247
porosity, 244
properties of, 235–248
reactivity, 247
Rockwell hardness, 245
sample preparation, 248
sampling, 246
scleroscope hardness, 245
sonic velocity, 246
specific gravity, 244
sulfur content, 247
tensile properties, 245
tensile stress-strain, 246
terminology methods, 244
test methods for, 239–241 (table), 244–248
thermal diffusivity, 246
uniaxial strength, 247–248

marine diesel engine oils, 276–277
marine fuels specification, 43
markers, gasoline additive, 146
mass spectroscopy (MS), 103

future trends in, 180
maximum fill density (reduced fill density), 137
maximum fill volume (reduced fill volume), 138
medium naphtha, temperature ranges for, 106
melting point, petroleum waxes, 343
mercaptans, natural gas contaminated with, 225

mercaptan sulfur, kerosine, 206 (table), 208
metal deactivators, 150

aviation fuels additive, 90, 94
gasoline additive, 145

metals
aviation fuel sampling affected by trace, 131
graphite, 245
manufactured carbon, 245
in petroleum coke, 238
with white mineral oils, 253

methane, 225
methanol

acidity, 30
API gravity, 32
appearance, 31
butanol, 32
chloride content, 31
color, 31
copper strip corrosion, 32
crude oil, 105
hydrocarbons, 30
inorganic sulfate content, 31
lead content, 30
luminosity, 31
in MTBE, 32
phosphorus content, 30
solvent-washed gum content, 30, 32
sulfur content, 30–32
vapor pressure, 30, 32
water content, 32
workmanship, 31, 32

methanol fuel (M85), 3
methylcyclopentadienyl manganese tricarbonyl (MMT), 10
Methyl Tertiary-Butyl Ether (MTBE), 16, 32
microbial contamination, fuel oils, 205
microwave plasma-atomic emission spectrometry (MP-AES), 

364–365, 364 (figure), 365 (figure)
middle sample, 138
MIL-DTL-25524 specification, 78
MIL-DTL-83133 specification, 77
MIL-F-5624B specification, 77
MIL-G-5572 specification, 69
MIL-T-5616 specification, 77
MIL-T-5624 specification, 77
mixed sample, 138
Mobile Source Air Toxics (MSAT), 11
Mogas, 3
molecular weight, petroleum waxes, 346
mono-alkyl esters

biodiesel as, 59
conversion of fat or oil to, 60
defined, 59

motor gasoline, 3
motor octane, calibrations for, 184
motor octane number (MON), 4
multidimensional PIONA (MD-PIONA)

naphtha analyses with, 158–161, 158 (table), 159–161 (table)
multiple tank composite sample, 138

N
naphtha, 55

analyses of range petroleum samples for, 158–164, 158 (table), 
159–161 (table)

crude oil fraction, 107, 109
detailed hydrocarbon analyses for, 158–161, 158 (table), 

159–161 (table)
examples of, 158 (table)
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gas chromatographic approaches for analyses of, 158 (table)
multidimensional PIONA test methods for, 158–161,  

158 (table), 159–161 (table)
olefins in, ASTM test methods for, 164–165, 164 (table)
oxygenates in, ASTM test methods for, 162 (table)
simulated distillation of, 168–175, 169 (figure), 170 (figure), 

172 (figure), 172 (table), 173 (figure), 174 (table), 175  
(table), 176 (figure), 176 (table), 178 (figure), 179 (table)

temperature ranges for, 106
test methods for hydrocarbons in, 159–161 (table)
virgin, 158 (table)

National Formulary (NF) standard, 249, 252
National Lubricating Grease Institute (NLGI), 324–325

consistency numbers, 326, 326 (table)
natural gas

associated products, 232
ASTM specifications, 233–234
contaminants, 225
helium with, 232
primary uses for, 226
quality criteria, 226
subclassification of, 225
sulfur with, 232

natural gas liquids (NGLs), 225–226
natural gasoline, 230–231
nickel, crude oils, 101
nitrogen

base oils in compounds of, 261
crude oil, 104
fuel oils, 204–205

nitrogen chemiluminescence detector (NCD), 175–177
nonaviation gas-turbine engine

air atomizing, 38–39
applications, 37
combustion process, 38–39
fuel characteristics and specifications for, 39–40, 42 (table)
fuel injection, 38–39
pressure atomizing, 38
prevaporizing, 39
range of, 38

nonaviation gas-turbine fuel
acid number, 54
aromatic content, 50
ash content, 53
ASTM standards, 55–56
calcium content, 54
carbon residue, 53
cetane index, 45–46
cleanliness, 47–48
cloud point, 47
cold filter plugging point, 47
combustion characteristics, 45
density, 45
distillation characteristics, 46, 46 (figure)
flash point, 49
grades of, 43–45
heat content, 50–51, 51 (table)
ignition characteristics, 45
lead content, 54
low-temperature flow test, 47
lubricity, 49–50
oxidative stability, 48–49
potassium content, 54
pour point, 47
properties, 45–55
requirements for, 44 (table)
sodium content, 54

stability, 48–49
storage stability, 49
tests, 45–55
thermal stability, 48
total sulfur, 52–53, 52 (table)
trace metal limits of, 54 (table)
vanadium content, 54
viscosity, 46–47
volatility, 46

normal phase liquid chromatography (NP-LC), 156, 156 (figure)

O
octane improvers, gasoline additive, 146
octane number, calibrations for, 184
odorization, 230
oil-extended rubber, 316
olefins, 225

base oils, 261–262
calibrations for, 184
naphthas and blended gasolines with, 164–165, 164 (table)
petrochemical applications, 231–232

on-board quantity (OBQ), 138
on-line spectral analyzers, 188
open container, 138
organic chlorides, crude oil, 104
organic halides, crude oil, 104
organoclay greases, 324
organometallic compounds content, ethanol, 30
oscillating wear tests, 334–335
outage tube, 138
outlet sample, 138
oxidation

base oils, 260–261, 260 (figure)
engine oils and deposit formation, 303–308, 303 (figure),  

304 (figure), 305 (figure), 306 (figure), 307 (figure)
exothermic oxidation measurement using RPVOT, 305,  

305 (figure)
liquid-bath RPVOT, 303, 303 (figure)
resistance, 303
RPVOT, 303–306, 303 (figure), 304 (figure), 305 (figure),  

306 (figure)
test criterion, 303–304, 304 (figure)
TFOUT test, 306, 306 (figure), 307 (figure)
turbocharger oxidation simulation tests, 307–308, 307 (figure)

oxidation stability
biodiesel fuel, 66
diesel fuels, 48–49
fuel oils, 203
nonaviation gas-turbine fuel, 48–49

oxygenated fuel programs, 15–16
oxygenates, 11. See also fuel oxygenates

gasoline blends with, 16
naphthas and blended gasolines with, 162 (table)

ozone nonattainment, 4

P
paraffins, isoparaffins, aromatics, naphthenes (PIAN),  

108 (figure), 109
particulate contamination, aviation fuel sampling affected by, 131
passenger car engine oil. See automotive engine oils
performance, spark-ignition engine characteristics with, 8–9
permanent viscosity loss (PVL), 297–299, 298 (figure)
peroxides, 12

in petroleum waxes, 345
petrodiesel, 57, 60
petrol, 3
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petroleum and petroleum products
automatic sampling, 130–131
inorganic species in, 351–367
manual sampling, 129–130
mixing and handling of liquid samples of, 132–133,  

133 (table)
petroleum coke

anode/cathode tests for, 243–244
ash content, 238
atomic structure associated with, 235
calcining process for, 236, 237 (figure)
crystallite size in, 238, 242
density, 238
dust control material for, 238
flow diagram for production of, 237 (figure)
grain stability with, 242
Hardgrove Grindability Index for, 238
metals in, 238
properties of, 235–248
quality production of, 236
sample preparation, 242
sampling, 242
sizing for, 242
stability, 242
sulfur, 238
synthetic graphite production with, 236
terminology in, 238
test methods for, 238–242, 239–241 (table)
volatile matter in, 238

petroleum oils, for rubber, 315–320, 316 (table), 318 (table).  
See also rubber oils

petroleum waxes
adhesion, 346
applications, 343
blocking properties, 346
boiling point distribution, 345
carbonizable substance, 346
chemical properties, 344–346, 348–349
classification, 341
color, 344
definitions, 342–343
density, 344
flash point, 344
food grade, 345
functional properties, 346–347, 349
hardness, 344
international test standards used for, 349–350
melting point, 343
moisture barrier properties, 346
molecular weight, 346
odor, 344
oil content, 345
peroxide content, 345
physical properties, 343–344, 347–348
production, 341–342
quality criteria, 343–347
slip properties, 346
solvent extractables, 345
substrates, 346
test methods, 347–350
ultraviolet absorptivity, 345
viscosity, 343–344

pHe, ethanol, 27, 29
phosphorus content, 10

biodiesel fuel, 62, 66
methanol, 30

pin and V-block test method, 310–311, 310 (figure)

pipeline, transporting heating fuels with, 193
pipeline drag reducer (PDR)

aviation fuels with, 92–93
pitch

anode/cathode tests for, 243–244
ash content, 243
atomic structure associated with, 235
calcining process for, 236
coking value in, 243
density, 242
dimethylformamide insolubles, 242–243
distillation, 242
mesophase in, 243
properties of, 235–248
quinoline insolubles, 242
sample preparation, 243
softening point of, 242
synthetic graphite production with, 236
terminology methods, 243
test methods for, 239–241 (table), 242–243
toluene insolubles, 243
viscosity, 243
volatility, 243

plastics compatibility, 13
polycyclic aromatic hydrocarbon (PAH), 317
polyethylene, 166
polypropylene, 166
polyurea, 322, 324
porosity, 244
portable manual sampling unit (PSU), 138
portable sample container, 138
potassium content

biodiesel fuel, 66
biodiesel fuel and sodium combined with, 62
diesel fuels, 54
nonaviation gas-turbine fuel, 54

pour point
base oils, 262–263
crude oil, 100–101
diesel fuels, 47
fuel oils, 200 (table), 202
lubricating oils, 272
nonaviation gas-turbine fuel, 47
rubber oils, 319
for white mineral oils, 254

precision, 371–375, 372 (table), 373 (figure)
pressure atomizing, 38
pressure charging, 38
pressure differential scanning calorimetry oxidation  

test, 332
prevaporizing, 39
primary sample container, 138
profile average, 138
profile testing, 138
propane, 226

ASTM D1835, 227–228
commercial, 228
quality criteria, 227
special duty, 227–228

propylene (C3H6)
ASTM specifications, 234
gas chromatography in analyses of, 166–167,  

166 (table)
petrochemical applications, 231
trace impurities in, 231

pyrolyate liquid fuel, 193–194
pyrolytic graphite, 237–238
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Q
quality criteria

butanes, 227
butylene, 232
ethane, 226
finished products, 226
liquefied petroleum gas, 227
natural gas, 226
petroleum waxes, 343–347
product, 1
propane, 227

quinoline insolubles
pitch, 242

R
railway engine oils, 277
Raman technology, 183
Ravenfield Tapered-Plug Viscometer, 300
Readily Carbonizable Substance test, 346
red dye, diesel fuel additives, 53, 151–152, 192
reduced fill density. See maximum fill density (reduced fill density)
reduced fill volume. See maximum fill volume (reduced fill volume)
reduced pressure distillation, biodiesel fuel, 66
reformulated gasoline (RFG), 23, 25
refractive index

rubber oils, 319
for white mineral oils, 254

refrigerator compressor oils, 282
Reid vapor pressure (RVP), 138, 184
relative bias, 374–375
relative density

automotive spark-ignition engine fuel, 13–14
lubricating oils, 273

relief lines, 138
remaining on board (ROB), 138
renewable fuels standard (RFS)

fuel oxygenates regulation with, 25
Renewable Fuel Standard, 1
repeatability conditions, 371
representative sample

defining, 122–123, 123 (figure), 138
distillate fuels, 122
greases, 122
hydraulic fluids, 122
liquefied petroleum gas, 122
lubricants, 122
summary, 124

reproducibility conditions, 372
research octane, calibrations for, 184
research octane number (RON), 4
residual fuels

compatibility with heavy and, 221–222
light fuels differs from, 211

residual oil burning equipment, 195
residue, liquefied petroleum gas, 229
residuum

atmospheric, 106
crude oil fraction, 109–110
temperature ranges for, 106
vacuum, 106

reverse phase liquid chromatography (R-LC), 156, 156 (figure)
risk-cost analyses, sampling plan with, 121
rotary-type burners, 195
Rotating Pressure Vessel Oxidation Test (RPVOT)

additive injection during, 306
analysis of engine-turbocharger oil, 306 (figure)
ASTM D2272, 304 (figure)

dry-bath, 305, 305 (figure)
exothermic oxidation measurement using, 305, 305 (figure)
liquid-bath, 303, 303 (figure)
oxidation test, 303
precision of, 305
responses of antioxidants in, 304 (figure)
test criterion, 303–304, 304 (figure)
unit testing for multiple, 304–305, 304 (figure)

rubber
natural, 315
oil-extended, 316
synthetic, 315

rubber oils
aniline point, 319
ASTM/IP standards, 320
carbon-type analysis, 316–317
classification, 316 (table), 318, 318 (table)
cloud point, 319
color, 318–319
composition, 316–317, 316 (table)
evaporation loss, 319
history, 315–316
importance of composition to compounders, 317–318
molecular-type analysis, 316, 316 (table)
physical properties, 318–319
pour point, 319
process oils, specialty applications, 319–320
refractive index, 319
specific gravity, 318
ultraviolet absorptivity, 319
viscosity, 318

running sample, 138
Russian jet fuels, 80, 80 (table)
rust prevention, 335

S
safety issues

container fill, 230
odorization, 230

salt content, crude oil, 99–100
sample

appropriate, 119
automatic, 135
average, 136
aviation fuel, 131–132
boring, 136
bottom, 136
bottom water, 136
clearance, 136
compartment-tank composite, 136
composite, 136
continuous, 136
core, 136
dead bottom, 136
deck composite, 136
defined, 138
dilution required HTSD, 170
dipper, 136
disposal, 128
distillate fuels, 122
drain, 136
floating roof, 137
flow-proportional, 137
from fungible systems, 123
grab, 137
graphite with preparation of, 248
grease, 122, 137
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high pressure sample cylinder, 137
hydraulic fluids, 122
intermediate container for, 137
jar, 137
laboratory, 137
liquefied petroleum gas, 122
loading zone, 137
lower, 137
lubricants, 122
lubricating grease, 134–135
manufactured carbon with preparation of, 248
middle, 138
mixed, 138
multiple tank composite, 138
naphtha range of petroleum, 158–164, 158 (table), 159–161 

(table)
outlet, 138
petroleum coke with preparation of, 242
pitch with preparation of, 243
representative, 122–124, 138
running, 138
scrape, 139
small tank, 125 (figure)
spectroscopic methods and handling of, 186–187
spot, 139
storage, 128
suction, 139
sump, 139
surface, 139
system security, 130
tank composite, 139
tank tap, 139
time-proportional, 139
top, 139
tube, 125 (figure), 139
upper, 139
vacuum, 125 (figure)
volumetric composite, 139
zone, 140

sample container
aviation fuel, 131–132
constant volume, 136
intermediate, 137
portable, 138
primary, 138
secondary, 139
stationary, 139

sample controller, 138
sample extractor, 138
sample loop, 139
sample probe, 139
sampling, 139

anode/cathode tests for, 243–244
ASTM D1265, 129
ASTM D4057, 129
ASTM D4177, 129
ASTM D4306, 131–132
ASTM D4840, 131 (figure), 132
ASTM D5842, 132
ASTM D5854, 132–133, 133 (table)
ASTM D7464, 133–134
ASTM D7482, 134
ASTM D7718, 134–135
ASTM D8009, 135
ASTM E0300, 128–129
ASTM methods for, 224
automatic, 122

for automotive spark-ignition engine fuel, 14
aviation fuels, 87
chain-of-custody procedures, 131 (figure), 132
cleanliness, 222
considerations for collection, 126–128, 127 (table)
container cleanliness, 128
containers, 122
container selection, 126–128, 127 (table)
containers for aviation fuel, 131–132
crude oil, 110–111
defined, 119
diagnostic, 124
documentation, 126
extraction process, 122
flow stream condition, 122
for fuel oxygenates, 34
fuels for volatility measurement, 132
glossary, 135–140
graphite, 246
handling, 126–128, 127 (table)
handling and mixing, 122
handling of liquid petroleum and petroleum products, 

132–133, 133 (table)
homogeneity and heterogeneity, 119–122, 120 (figure),  

121 (figure)
hydrocarbons for mercury analysis, 134
industrial chemicals, 128–129
in-service lubricating grease, 134–135
liquefied petroleum gas, 129, 228
liquid fuels, 133–134, 133 (figure)
location with manual, 122
manual, 122
manual piston cylinder for volatile crude oils, 135
manufactured carbon, 246
microbial contamination in fuels, 133–134, 133 (figure)
objectives, 123
optimal plan for, 123
performance monitoring, 122
performance verification, 122
petroleum and petroleum products, 129–131
petroleum coke, 242
practices, 128–135, 131 (figure), 133 (figure), 133 (table)
qualifications of personnel collecting, 123
representative sample, 122–124
risk-cost analyses, 121
spot positions, 120 (figure)
stability, 222
system configuration, 124, 124 (figure), 125 (figure)
tests affected by trace contamination with, 131–132

sampling system, 139
sampling system verification test, 139
scrape sample, 139
secondary sample container, 139
sediment content

ASTM methods for, 223
crude oil, 100
fuel oils, 196–197
liquid fuels, 212

silver corrosion, 9
silver corrosion inhibitors, gasoline additive, 146
simdis analysis, 168

applications and correlations related to, 175, 175 (table)
application to crude oils of, 171
boiling point calibration plot with, 170 (figure)
chromatogram of calibration standard for high-temperature, 

169 (figure)
chromatogram of crude oil by high-temperature, 172 (figure)
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chromatogram of lube oil by high-temperature,  
173 (figure)

GC columns applied to, 171
principles of, 169–170, 169 (figure), 170 (figure)
special applications using, 174 (table)
test methods by various organizations, 174 (table)
test methods per petroleum types with, 172 (figure)
test methods review for, 171–174, 172 (figure), 172 (table), 

173 (figure), 174 (table)
simple liquid, 139
skim sample. See surface sample (skim sample)
slipstream sample loop, 139
slipstream take-off probe, 139
slip tube, 139
smoke suppressants, 148
snowmobiles, 3
Society of Automotive Engineers (SAE), 324
sodium content

biodiesel fuel with, 62, 66
diesel fuels, 54
nonaviation gas-turbine fuel, 54

sodium soap greases, 323
softening point, pitch, 242
solid paraffin test, 255
solvent-washed gum content

butanol, 33
ethanol, 26, 29
methanol, 30, 32

specific energy, aviation gasoline, 73
specific gravity

graphite, 244
lubricating oils, 273
manufactured carbon, 244
rubber oils, 318
for white mineral oils, 253

specific heat, aviation fuels, 84
spectroscopic methods

advantages to, 183
background, 183
calibration approaches for, 186
direct match technique for, 186
discrimination processes, 185–186
establishing confidence in results from, 187–188
ethanol conundrum with, 188
history of, 184–185
infrared technologies, 183–184
mathematical treatment, 185
nonlinearities in, 185–186
on-line versus laboratory testing with, 188–189
proactive use of blend planning with, 189–190
quantification, 185–186
Raman technology, 183
sample handling with, 186–187
sources of error with, 186–187
spark-ignition fuel analyzed with, 183–190,  

184 (figure)
spectral normalization, 185
terminologies for, 184

spot sample, 139
stability

ASTM methods for, 222–223
biodiesel fuel, 62, 66
color, 222
diesel fuels, 48–49
fuel oils, 203
lead precipitate, 222
light fuels differs from residual fuels with, 211

liquid fuels, 211–224, 217 (table)
miscellaneous properties related to, 222
nonaviation gas-turbine fuel, 48–49
oxidation, 213–214
petroleum coke, 242
requirements for, 217 (table)
resistance of fuel to changes as, 211
sampling, 222
test methods for, 213, 217 (table)
thermal, 214–215
thermal and oxidative changes in fuels determining, 211
water reaction interface rating, 222
workmanship and general requirements with, 212

stabilizers, 150
standard test method data quality assurance

accuracy, 374
ASTM standards, 376
bias, 374
in determining conformance with product quality  

specification, 375
intermediate conditions, 371
metrics, 371–375, 372 (table), 373 (figure)
monitoring, 375
precision, 371–375, 372 (table), 373 (figure)
relative bias, 374–375
repeatability conditions, 371
reproducibility conditions, 372

standpipes, 139
state biofuel mandates, 26
state implementation plan (SIP)

sulfur limits in, 15
vapor pressure limits, 8

static bleed tests, 330, 331 (figure)
static dissipater additive, aviation fuels with, 91–92, 94
stationary sample container, 139
statistical quality control (SQC), 184
steam cylinder oils, 282
steam-turbine oils, 280–281
storage stability, 11–12, 49

aviation fuels, 85
aviation gasoline, 73–74
fuel oils, 203

stream conditioning, 139
stream conditions, 139
styrene-butadiene rubber (SBR), 315–317
suction sample, 139
sulfated ash, biodiesel fuel, 64
sulfur chemiluminescence detector (SCD), 175, 176 (figure),  

176 (table)
sulfur content

aviation gasoline, 74
base oils in compounds of, 261
biodiesel fuel, 64
crude oil, 99
diesel fuels, 51–52, 52 (table)
environmental issues regarding, 192
ethanol, 27, 29
fuel oils, 198–201, 199 (table)
graphite, 247
kerosine, 206 (table), 208
liquefied petroleum gas, 229–230
manufactured carbon, 247
methanol, 30–32
natural gas, 232
nonaviation gas-turbine fuel, 52–53, 52 (table)
petroleum coke, 238
spark-ignition engine fuel, 10
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sulfur gases, gas chromatography in analyses of, 165–166,  
166 (table)

sump sample, 139
supercritical fluid chromatography (SFC)

advantage over LC of, 157
detectors used with, 158
schematic, 157 (figure)

surface sample (skim sample), 139
synthetic rubber, 315

T
tank composite sample, 139
tank tap sample, 139
tapered roller bearings, 328
temperature programmable inlet (TPI), 170
temporary viscosity loss (TVL), 297–299, 298 (figure)
terminology methods

graphite, 244
manufactured carbon, 244
for petroleum coke, 238
pitch, 243

tertamyl methyl ether (TAME), 16
test specimen, 139
tetraethyl ethyl-lead (TEL), 70–71, 74, 75, 89

tests for, 93
thermal conductivity, anode/cathode tests for, 244
thermal conductivity detector (TCD), 155
thermal oxidation stability, 131
thermal stability, 48

improver additive, aviation fuels with, 92, 94
thermionic nitrogen/phosphorous detectors, 155
thief sample. See tube sample (thief sample)
thin-film oxygen uptake test method (TFOUT), 306,  

306 (figure), 307 (figure)
time-proportional sample, 139
Timken method, 333
toluene insolubles, pitch, 243
top sample, 139
total acid number (TAN)

crude oil, 103–104
total glycerin method, 66
total nitrogen content, crude oil, 104
trace elements

crude oil, 101–103
microwave digestion in analysis of, 103

trace metals, aviation fuel sampling affected by, 131
true boiling point (TBP)

crude oil distillation curves for, 107 (figure)
true vapor pressure (TVP), 139
tube sample (thief sample), 139
turbidity, lubricating oils, 273–274
turbocharger oxidation simulation tests, 307–308,  

307 (figure)

U
ullage, 139
ultrafast gas chromatogram (UFGC), 173 (figure)
ultra-low sulfur diesel fuel (ULSD), 143

test methods needed for, 211
ultraviolet absorption tests, 255
ultraviolet absorptivity, petroleum waxes, 345
United States Pharmacopeia (USP), 249

bacterial endotoxin requirement in, 252
Universal Oil Products (UOP), 101
unleaded aviation gasoline, 74–75
unleaded fuel, 4
upper sample, 139

urea greases, 324
U.S. legal requirements

additives, 14–15
for automotive spark-ignition engine fuel,  

14–15
fuel blending components, 14–15
oxygenated fuel programs, 15–16
sulfur regulations, 15
volatility regulations, 15

V
vacuum gas oil

crude oil fraction, 109
heavy, 106
light, 106
temperature ranges for, 106

vacuum residuum temperature ranges for, 106
vacuum ultraviolet (VUV), 155
vanadium, crude oils, 101
vanadium content

diesel fuels, 54
nonaviation gas-turbine fuel, 54

vapor control valve (VCV), 139
vapor-liquid ratio (V/L)

spark-ignition engine characteristics with, 7–8
vapor lock, 73
vapor pressure

for aviation gasoline, 73
crude oil, 103
defined, 139
ethanol, 28
liquefied petroleum gas, 228
methanol, 30, 32
spark-ignition engine characteristics with, 6–7

virgin naphtha, 158 (table)
viscometers

high shear rate, 299
non-Newtonian oils, 299–300, 300 (figure)
Ravenfield Tapered-Plug, 300
tapered bearing simulator, 299, 299 (figure)
viscometry of modern engine oils, 299, 299 (figure)

viscosity
automotive engine oils, 294–303, 295 (figure), 296 (figure), 

298 (figure), 299 (figure), 300 (figure), 302 (figure)
aviation fuels, 82
crude oil, 100–101
defined, 295
diesel fuels, 46–47
dynamic, 268–269, 296
fuel oils, 197–198
Gelation Index curves, 302 (figure)
gelation of engine oils at low temperatures, 300–303,  

302 (figure)
kinematic, 269–270, 295–296
low temperature engine startability with, 296
lubricating greases, 327–328
lubricating oils, 268–270, 270 (table)
meaningful measurement, 295–296
Newtonian response, 295 (figure)
Newton’s early equation on, 295
nonaviation gas-turbine fuel, 46–47
petroleum waxes, 343–344
pitch, 243
rubber oils, 318
viscometry of modern engine oils, 299, 299 (figure)
for white mineral oils, 255

viscosity index, lubricating oils, 270
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viscosity index improvers
nature of, 296
non-Newtonian behavior of, 297–299, 298 (figure)
oil-solubilized, 296 (figure)
permanent viscosity loss of, 297
solubility response of, 296 (figure)
temporary viscosity loss of, 297

viscosity modifiers, 293–294
volatility

automotive engine oils, 311
aviation fuels, 83
aviation gasoline, 71–73
diesel fuels, 46
lubricating oils, 274
nonaviation gas-turbine fuel, 46
pitch, 243
sampling of fuels for measurement of, 132

volatility properties
distillation, 7
driveability index, 7
performance, 8–9
spark-ignition engine characteristics with, 6–9
vapor-liquid ratio, 7–8
vapor pressure, 6–7

volume regulator sampler, 139
volumetric composite sample, 139

W
wall-coated open tubular (WCOT), 155
water content

ASTM methods for, 223
butanol, 32–33
crude oil, 100
ethanol, 27, 29
fuel oils, 196–197, 199 (table)
liquefied petroleum gas, 230
liquid fuels, 212
methanol, 32

water reaction
aviation gasoline, 74
interface rating, 222

water separation characteristics, aviation fuel sampling affected 
by, 131

water spray-off, 336, 336 (figure)
water tolerance, 13
water washout, 335–336
wax precipitation point, 255
wear, 333–335

anti-wear agents, 294, 309
automotive engine oils, 308–311, 309 (figure)
four-ball test, 309, 309 (figure)
graphite and manufactured carbon, 246–247
pin and V-block test method, 310–311, 310 (figure)
preventive characteristics, 334

wheel bearings
grease life, 333
leakage from, 331, 331 (figure)

white mineral oils
acidity test for, 252
aniline point of, 252
API gravity for, 253
ASTM/IP standards, 256
bacterial endotoxin with, 252
cloud point with, 252
color, 252
density for, 253
dielectric breakdown voltage of, 252–253
distillation range for, 253
fire point for, 253
flash point for, 253
fluorescence with, 253
heavy metals with, 253
identification methods for, 253–254
manufacture, 249
odor, 254
peroxide value, 254
pharmaceutical and food grades of, 250–251 (table)
pour point for, 254
purity guardianship, 249–252, 250–251 (table)
pyrogen test, 254
quality assessment, 252
readily carbonizable substances, 254
refractive index for, 254
smoke point for, 254
solid paraffin test, 255
specific gravity for, 253
sterility with, 254
subvisible particles for, 254
sulfur compounds, 254–255
taste, 254
tests for, 252–255
transparency of, 252
ultraviolet absorption tests, 255
unsulfonated residue with, 255
viscosity for, 255
visible particles, 255
wax precipitation point, 255

wick-fed blue-flame-type burner, 195
wick-fed yellow-flame-type burner, 194
workmanship

butanol, 33
ethanol, 28–30
methanol, 31, 32
spark-ignition engine fuel, 12–13
stability and cleanliness of liquid fuels with, 212

X
x-ray fluorescence, lubricating oils in analysis by, 271
x-ray fluorescence spectrometry (XRF), 363

Z
zinc content, crude oils, 102
zone sample, 140
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