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Index 
  
 A 
Abiotic degradation, environmental characteristics, 889-890 
Abrasive wear, 435, 930-931 
Accepted Reference Values, 1047-1048 
Accumulation processes, environmental characteristics, 
894-895 

Acid catchers, refrigeration lubricants, 419 
Acidity, automotive lubricants, 474-475 
Acid neutralizing agents, 221 
Acid number 
  compressor lubricants, 400 
  gear lubricants, 456 
  mineral oil heat transfer fluids, 582 
  quench oils, 609-610 
  turbine lubricating oils and hydraulic fluids, 329, 331 
Acids 
  formation, 790 
  for lubricants, 272 
Acoustical measurements, steel quenching, 600-602 
Active oxygen method, 820-821 
Additives, 199-246 
  antiseize, 218 
  aviation fuels, 104-105 
  classification, 951-957 
  demulsifiers, 232-233, 366 
  detergents, 208-211 
  dispersants, 203-208 
  dispersant viscosity modifiers, 228-229, 231 
  dyes, 234 
  emulsifiers, 232-233 
  environmental impact, 234 
  ester polymers, 225-228 
  film-forming agents, 211-223 
  filterability, 368 
  friction modifiers, 211-213, 441, 949, 951-952 
  gear lubricants, 439-443, 447 
  hydraulic fluids, 363 
  introduction of new, 234 
  metalworking and machining fluids, 511-519 
    alkalinity agents, 516 
    antimicrobial agents, 517-518 
    anti-misting agents, 516 
    corrosion inhibitors, 516-517 
    coupling agents, 513 
    dispersants, 516 
    dyes, 519 
    emulsion promoters, 512-513 
    film-forming agents, 513-515 
    foam inhibitor, 518 
    inorganic/organic solids, 519 
    odor control agents, 519 
    oxidation inhibitors, 518-519 
  multifunctional nature, 234 

   
 
 
olefin-based polymers, 224-226 
  performance package, 200-201 
  performance testing, 235-242 
    engine oils, 237-239 
    finished formulations, 235-236 
    gear oils, 239-240 
    greases, 242 
    hydraulic fluids, 240-241 
    individual additives, 235 
    machine tests, 236 
    metalworking fluids, 241 
    miscellaneous industrial oils, 241-242 
    physical tests, 236 
    transmission fluids, 239 
    viscosity tests, 237 
  polymeric, 223-233 
  pour point depressants, 230-232, 373 
  primary functions, 200 
  refrigeration lubricants, 418-420 
  rust and corrosion inhibitors, 218,  220-223, 318-320 
  stabilizers/deposit control agents,  201-211 
  standard, 243-246 
  for turbines, 312-323 
    antifoams, 321-323 
    antioxidants, 312-318 
    antiwear and extreme-pressure, 319-321 
    rust and corrosion inhibitors, 318-320 
  viscosity modifiers, 223-224 
  see also Antifoam additives; Antiwear additives;                                  

Antioxidants; Corrosion inhibitors 
Adhesion, friction due to, 911 
Adhesives, viscosity, 870-872 
Adhesive wear, 435, 923, 927-930,  979-982 
  resistance ranking, 980-981 
  testing, oil evaluation, 981-982 
  test method, 979 
  traction test plots, 980 
Adiabatic flame temperature, gasoline, 84 
Adiabatic operation, 384 
Adipic acids, synthesis, 276, 279 
Adsorption, environmental characteristics, 888 
Adsorption efficiency, steric hinderance, 952-953 
Adsorption isotherms, 953-954 
Aeration, hydraulic fluids, 366-367 
Aero-derivative gas turbines, 301-302 
Aerospace, engine thermodynamics, 730-732 
Aerospace fuels, 729-756 
  air dilution, 742 
  bouyancy in air, 732 
  calorific values, 739-740 
  combustion emissions, 743 
  density, 735-736 
  flame stabilization, 742 
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  flammability, 738 
  fueling fire safety, 744 
  future trends, 747-748 
  handling characteristics, 743-747 
  health issues in handling, 747 
  ignition, 741 
  lubricity, 744-745 

maximum combustion temperature, 735, 740-741 
molecular structure, 732-734 

  oxidation heat release, 735 
  performance of rocket fuels and oxidants, 731 
  physical state, 733 
  preparation and mixing, 741 
  properties, 735-736 
  reformation, 747 
  smoke tendency, 741 
  solidification, 737-738 
  specifications, 748 
  specific impulse, 742-743 
  spontaneous ignitability, 733-734, 738 
  standards, 749 
  stoichiometry, 734-735, 738-739 
  storage stability, 732, 745 
  substitute fuels, 748 
  supplemental fuels, 747 
  surface tension, 738 
  thermal stability, 745-746 
  turbine entry temperature distribution, 742 
  viscosity, 737 
  volatility, 736-737 
  water content, 746-747 
Aging, Baader aging test, 821-822 
Air conditioning lubricants, 484 
Aircraft, sumping procedure, 111 
Aircraft range, aviation fuels, 100-101 
Air-fuel ratio, octane number requirement, 76 
Airport  
  fuel systems, 106 
  quality control, 110-111 
Air release 
  compressor lubricants, 398 
  gear lubricants, 460 
  turbine lubricating oils and hydraulic fluids, 332-334 
Alcohol bonds, environmentally friendly oils, 271-272 
Alcohols 
  hydrogen bond, 270 
  for lubricants, 271-273 
Algae, acute toxicity tests, 901-902 
Alkalinity agents 
  automotive lubricants, 474-475 
  metalworking and machining fluids, 516 
Alkanes 
  lattice transition, 534 
  physical properties, 532 
Alkenylsuccinates, synthesis, 206 
Alkylated cyclopentanes, 260 
Alkylation, 15-17 

Alkylbenzene 
  compressor lubricants, 395 
  refrigeration lubricants, 415 
Alkyl lead 
  history, 62 
  phasedown, 63 
Alkyl lead content, 68 
  ASTM D 4814, 82 
Alkylphenols, 209 
Alkyl phosphates, synthesis, 216, 218 
Alkyl phosphites, synthesis, 216-217 
Alternative fuels, diesel engines, 138-139 
Aluminum, production, carbon anodes, 781-782 
Aluminum beaker oxidation test, 810, 813 
Aluminum complex soap greases, 559 
Aluminum soap greases, 558 
Ammonia, in LPG, 50 
Amonton's Law, 383 
Aniline point, hydrocarbon base oil, 181 
"Anti-dumping" provisions, 65 
Antifoam additives, 233-234 
  gear lubricants, 441 
  hydraulic fluids, 367 
  metalworking and machining fluids, 518 
  refrigeration lubricants, 419-420 
  for turbines, 321-323 
Anti Knock Index, 73-74 
  ASTM D 4814, 78 
Antimicrobial agents, metalworking and machining fluids, 
517-518 

Anti-misting agents, metalworking and machining fluids, 
516 

Antioxidants, 201-202, 793-796 
  arylamine, 795 
  gasoline, 69, 82-83 
  gear lubricants, 441, 445 
  hindered phenols, 794 
  hydraulic fluids, 356-358 
  metalworking and machining fluids, 518-519 
  refrigeration lubricants, 419 
  structures, 314 
  synergistic combination, 315 
  turbine lubricating oils and hydraulic fluids, 312-318 
  zinc dialkyl dithiophosphate, 794 
Antiseize additives, 218 
Antiwear additives, 69, 213-216, 955-956 
  gear lubricants, 440, 444 
  hydraulic fluids, 363 
  refrigeration lubricants, 419 
  surface reactions, 954-955 
  turbines, 319-321 
Antiwear performance testing, hydraulic fluids, 361-364 
Antiwear properties, compressor lubricants, 402-406 
API CF oils, 473 
API CG-4 oils, 473-474 
API CH-4 oils, 474 
API gravity 
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  diesel fuel, 117-118 
  fuel oils, 758-759 
  gear lubricants, 456 
API service designation, gear lubricants, 448-453 
Appledoorn equation, 919 
Approximate F-test, 1059-1060 
Aquatic toxicity tests, acute, 901 
Aqueous polymer quenchants, 605-606 
Archard's equation, 930 
Aromatic esters, 249-250 
Aromatics, 28 
  determination, 195 
  diesel fuel, 131-132 
  saturation, 17-20 
Arrhenius equation, 127-128 
Arylamine, oxidation inhibition, 795 
Aryl phosphates, synthesis, 216, 218 
Aryl phosphites, synthesis, 216-217 
Ash content 
  diesel fuel, 135 
  fuel oils, 761-762 
  marine petroleum fuels, 150 
  petroleum coke, 775 
  petroleum pitch, 768 
  quench oils, 614 
Ash modifiers, marine petroleum fuels, 154 
Asphaltene content, marine fuels, 151 
Association of Natural Gasoline  
  Manufacturers, 36 
ASTM D 4814, 77-83 
  alkyl lead content, 82 
  anti-knock index, 78 
  copper corrosion test, 82 
  driveability index, 78-79 
  gasoline and gasohol blending, 80, 82 
  oxidation stability, 82-83 
  phosphorus content, 82 
  soluble gum, 83 
  sulfur content, 82 
  vapor pressure specifications, 78- 81 
  volatility, 78-80 
    class specifications, 82 
  water tolerance, 83 
ASTM proficiency testing, elemental  
  analysis, 714 
Atmospheric gas oil, 3 
Atomic absorption spectrometry, elemental analysis, 709 
Austenite, 587 
Autoignition 
  compressor lubricants, 399 
  mineral oil heat transfer fluids, 581 
  temperature, gasoline, 83-84 
Automatic tank gauging, 645 
Automatic transmission fluids 
  aluminum beaker oxidation test, 810, 813 
  hydraulic fluids, 374 
  performance testing, 239 

Automotive wheel bearing grease, 807 
Automotive engine oils, 467-470 
  ASTM standard test methods, 469-470 
  corrosion tests, 828-829 
  issues in test method development, 469 
  performance standards, 467-468 
  performance tests, 468-469 
Automotive gear lubricants, 442, 446, 448 
  oxidation stability, 803-804 
  performance testing, 239-240 
Automotive lubricants, 465-494 
  additional fluids, 484 
  air conditioning lubricants, 484 
  axle lubricants, 483 
  brake fluids, 483 
  composition, 466-467 
  extent of oxidation, 476-477 
  functions, 465-466 
  greases, 478-481 
  ILSAC GF-2 and API SJ standard  
  tests, 470-476 
    acidity and alkalinity, 474-475 
    ball rust test, 472-473 
    city service engine sludge and valve train wear, 470-471 
    corrosiveness, 475 
    diesel engine oil, 473-474 
    energy conserving characteristics, 471 
    entry of water, 475 
    foaming tendency, 471 
    high temperature copper-lead bearing water, 470 
    phosphorus content, 471 
    short-trip-service engine rusting, 471 
    standard tests, 472 
    viscosity, 475-476 
    volatility, 471 
  solid lubricants, 483-484 
  standards, 485-494 
  test methods, 466-467 
Automotive transmission fluids, 477-478 
  oxidation stability, 804 
Auto-Oil Air Quality Improvement Research Program, 65 
Auto propane, 51-52 
Auto-refrigeration, 46 
Autoxidation, ester based fluids, 277, 279 
Aviation fuels, 89-113 
  additives, 104-105 
  aircraft range, 100-101 
  combustion, 97-98 
  corrosion tests, 828 
  corrosivity, 101-102 
  freezing point, 880-881 
  gasoline, 89-92 
  high temperature, 95-97 
  history, 89 
  jet fuel, 89, 91-93 
  low temperature 
    fuel related, 93-95 
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    water related, 95 
  lubricity, 102-103 
  manufacturing, 103-104 
  metering, 99-100 
  oxidation 
    stability, 813 
    standards, 823 
  quality control, 106-111 
    aviation gasoline, 107 
    contaminants, 106 
    contamination detection equipment, 109-110 
    contamination removal equipment, 107-109 
    jet fuel, 107 
    procedures, 110-111 
  standards, 112-113 
  static electricity, 103 
  storage stability, 102 
  transportation, 105-106 
  volatility and flammability, 98-99 
Aviation gas turbine oils 
  basestocks, 1012, 1014 
  corrosion inhibited MIL-PRF-23699 oils, 1011 
  gear testing, 988 
  high load-carrying DOD-L-85734 oils, 1011-  1012 
  high thermal stability MIL-PRF-23699 oils, 1011 
  load capacity database, 1011-1015 
  master chart, 1012, 1014 
  selected MIL-PRF-7808 grade 3 and grade 4 oils, 1012-

1013 
  standard MIL-PRF-23699 oils, 1011 
Aviation turbine fuels, thermal oxidation stability, 815-816 
Avogadro's Law, 383 
Axle lubricants, 483 

              
          B 

Baader aging test, 821-822 
Back pressure control, 164-165 
Bainite, 587 
Ball bearings, greases, at elevated temperatures, 565-566 
Ball on Cylinder Lubrication Evaluator, 102 
Ball rust test, 472-473 
Band area methods, infrared spectroscopy, 668 
Barus equation, 917-918 
Base number, gear lubricants, 458 
Base oil, see Hydrocarbon base oil 
Bearing contacts, performance maps and, 972-973 
Beer-Lambert law, 667 
Beer's law, 661 
Beeswax, 525-526 
Bench test, 1020-1021 
  Block-on-Ring test, 1029-1030 
  four ball extreme pressure test, 1028-1029 
  four ball tests, 1026-1027 
  four ball wear test, 1027-1028 
  linear reciprocation, 1031-1033 
  multi-specimen test machine, 1030-1031 
  pin and vee block tester, 1025-1026 

  Pin-on-Disk test, 1026 
  selection, 1019 
  tapping torque test, 1030 
  Timken extreme pressure test machine, 1030- 1031 
Bench test modeling, see Ryder gear; Systematic tribology 
Bending-beam rheometer, 870, 872 
Benzene, 28 
Benzene Emission Number, 66 
Bessemer Gas Engine Company, 37 
Bias 
  measurement process, 1044-1045 
  monitoring, 1047-1048 
Bioaccumulation factor, 894-895 
Biocides, marine petroleum fuels, 154 
Bioconcentration factor, 894-895 
Biodegradability 
  diesters, 252 
  environmental characteristics, 890-894 
  hydrocarbon base oil, 182 
  polyolesters, 252 
  synthetic lubricants, 263 
Biodegradable lubricants, oxidation 
  standards, 823 
  testing, 820-822 
Biodiesel, 138-139 
Biological properties, hydrocarbon  base oil, 181-182 
Biological stability, polymer quenchants, 620-623 
Biota-sediment accumulation factor, 894-895 
Bituminous materials, viscosity, 870-872 
Black deposits, LPG, 49-50 
Black penetration, lubricating greases, 561 
"Blaugas", 35-36 
Blending 
  marine fuel oils, 147-148 
  petroleum oil, 28 
Blocking point, petroleum waxes, 552-553 
Block-on-Ring test, 1029-1030 
Boeing 747-400 fuel tankage, 93 
Boiling point, 28 
Boiling range, synthetic hydrocarbons, 195 
Bomb combustion methods, elemental analysis, 709 
Bomb oxidation test, lubricating greases, 565 
Bonded fuel, aviation fuels, 106 
Boost systems, diesel fuel system, 164 
Borsoff effect, 936 
Boundary lubrication, 214, 498, 949 
Bouyancy, aerospace fuels, 732 
Brake fluids, 483 
  standards, 493 
Brayton cycle, 730-731 
Broomwade 2050H Compressor Rig Test, 403 
Brush drag of latex paints, 868 
Btx recovery, 14-15 
Bubble tubes, 868 
Bulk material properties, flow properties, 921-922, 925-926 
Bunsen Coefficient, 406 
Bureau of Mines Correlation Index, 186 
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Butadiene 
  analysis, 193 
  production, 190-192 
  purity, 193 
Butane, 46 
Butane-butene mixtures, chlorides in, 194 
Butylene 
  analysis, 193 
  production, 190-192 
 
            C 
Cadmium corrosivity, aviation fuels, 102 
Calcium complex soap greases, 559 
Calcium soap greases, 558-559 
Calorific values, aerospace fuels, 739-740 
Canadian Environmental Protection Act, 66 
Candelilla wax, 525-526 
Carbon acids, hydrogen bond, 270 
Carbon anodes, for aluminum production, 781-782 
Carbon blacks, 779-781 
Carbon fibers, petroleum pitch, 781 
Carbonizable substances, petroleum waxes, 549 
Carbon residue 
  compressor lubricants, 399 
  diesel fuel, 135-136 
  fuel oils, 761 
  marine petroleum fuels, 151-152 
  mineral oil heat transfer fluids, 580 
  quench oils, 611-613 
  standards, 783-784 
Carbonyls, in C4 hydrocarbons, 194 
Carbonyl sulfide, in propylene, 193 
Carboxylic acids 
  environmentally friendly oils, 272-273 
  isomers, 270 
Carnauba, 525-526 
Carreau viscosity equation, 948-949 
Casinghead gasoline, 36-37 
Catalytic reforming, 12-15 
  yield/octane relationship, 14 
Caterpillar micro-oxidation test, 810-811, 813-814 
Cat fines, marine petroleum fuels, 150 
"Cat" gasoline, 11 
Cavitation corrosion, 932 
Cavitation erosion, 932-933 
Cavitation erosion corrosion, 933 
Cavitation wear, 931-941 
  corrosion, 931-932 
  delamination, 937-938 
  erosion, 931-932 
  fatigue, 933-936 
  oxidational, 933 
  scuffing, 936-937 
  tribochemical, 933 
CCT diagrams, 589 
Cementite, 587 
Centrifugal compressor, 389-390 

Centrifuges, diesel fuel system, 161, 163 
Centrifuge tests, 365 
  lubricating greases, 564-565 
Cetane index, 119-120 
Cetane number, 119 
  diesel fuel oils, 721-723 
Channel point FTM, gear lubricants, 459 
Chemical analysis, lubricating greases, 569 
Chemical corrosion, 220 
Chi-square test, 1059 
Chlorine content 
  butane-butene mixtures, 194 
  gear lubricants, 457 
  turbine lubricating oils and hydraulic fluids, 334 
City service engine sludge and valve train wear, 470-471 
Clay treatment vessels, 108-109 
Clean Air Act of 1963, 63 
Clean Air Act of 1970, 64 
Clean Air Act Amendments of 1977, 64 
Clean Air Act Amendments of 1990, 65-66, 135 
Cleanliness 
  diesel fuel, 124-125 
  turbine lubricating oils and hydraulic fluids, 341-343 
Cleveland Open Cup, 692 
Cloud point, 881-882 
  diesel fuel, 121-122 
  petroleum waxes, 545-546 
  polymer quenchants, 619 
13C NMR spectrometry, hydrocarbon analysis, 650-651 
CNS effects, LPG, 54-55 
Coalescer Blocking Tendency Test, compressor lubricants, 

404-406 
Coatings, flow-related instruments,  867 
CoBr test, 47-48 
Coefficient of kinetic friction, petroleum waxes, 552, 554 
Cogeneration, 28 
Coking, delayed, 21-23 
Coking value, petroleum pitch, 767-768 
Cold crank simulator, 850 
  gear lubricants, 458 
Cold Filter Plugging Point, diesel fuel, 123-124 
Cold flow properties, 879-883 
  aviation fuels freezing point, 880-881 
  cloud point, 881-882 
  high-shear tests of lubricants, 882 
  pour point, 879-880 
  pumpability of lubricants, 882 
  standards, 883 
  wax appearance point, 881-882 
Color, petroleum waxes, 549-551 
Combustion, diesel fuel, 118-119 
Combustion products, dissociated,  753-754 
Combustion temperature, aerospace fuels, 735, 740-741 
Compatibility 
  gear lubricants, 460 
  marine petroleum fuels, 152 
  turbine lubricating oils and hydraulic fluids, 343-346 
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  see also Seal compatibility 
Compressibility factor, 384 
Compression, power requirement, 385-386 
Compression ignition engines, 115-116 
Compression ratio, octane number requirement, 76 
Compressor lubricants, 383-411 
  acid number, 400 
  air release, 398 
  antiwear properties, 402-406 
  autoignition, 399 
  basestocks, 392-395 
  carbon residue, 399 
  classification, 391 
  copper corrosion, 398 
  corrosion, 398-399 
  demulsibility, 397-398 
  elastomeric seals compatibility, 409 
  evaporation, 399 
  Filter Bowl Compatibility Test, 410 
  fire point, 398-399 
  flash point, 398-399 
  fluid oxidation, 400-401 
  foaming tendency, 398 
  gas solubility, 395-396, 406-409 
  heat transfer efficiency, 408-409 
  hydrolytic stability, 398 
  infra-red spectroscopy, 400-401 
  iron corrosion, 398 
  kinematic viscosity, 396-397 
  Liquid Heptane Washing Test, 401-402 
  oxidation stability, 802 
  Paint Compatibility Test, 409-410 
  performance demands, 389-392 
  pour point, 397 
  precipitation number, 399-400 
  solubility in the gas, 396, 398 
  specific gravity, 397 
  specific heat, 408-409 
  standards, 410-411 
  thermal conductivity, 408-409 
  viscosity of gas/liquid mixtures under pressure, 408 
  water content, 397 
Compressor tests, 403 
Concentric cylinder viscometer, 835-836 
Conductance, polymer quenchants, 618-619 
Conductivity, gasoline, 85 
Cone-and-plate viscometer, 835 
Cone penetration, lubricating greases, 561 
Congealing point, petroleum waxes, 545 
Conradson carbon residue, compressor lubricants, 399 
Consistency, lubricating greases, 560-561 
Consistency stability, lubricating greases, 561-562 
Construction materials, gas turbine  fuel system, 166-167 
Contact stress, 966 
  simulation, Ryder gear, 997-1000 
Contamination 
  aviation fuels, 106 

  detection equipment, aviation fuels, 109-110 
  gasoline, 69 
  lubricating greases, 568-569 
  quench oils, 610-614 
  removal equipment, aviation fuels, 107-109 
Continuous cooling transformation  diagrams, 589 
Control chart, 1055-1056 
Conventional Oxidation Catalyst, 63-64 
Coolants, secondary, 574 
Coolant separability, hydraulic fluids, 370-371 
Cooling curve analysis, polymer quenchants, 621-623 
Copper corrosion, 826 
  aviation fuels, 101-102 
  compressor lubricants, 398 
  lubricating greases, 567-568 
Copper corrosion inhibitors, 69 
Copper corrosion test, ASTM D 4814, 82 
Copper deactivation, 221 
Copper passivators, 221-222 
Copper strip corrosion, diesel fuel, 134-135 
Copper strip tarnish test, 827-828 
  gear lubricants, 454, 456 
Corrosion, 825-832 
  compressor lubricants, 398-399 
  in LPG, 49 
  specifications, 827 
Corrosion behavior, turbine lubricating oils and hydraulic 
fluids, 340-341 

Corrosion inhibitors, 218, 220-223 
  gear lubricants, 441 
  hydraulic fluids, 369-370 
  metalworking and machining fluids, 516-517 
  polymer quenchants, 619-620 
  surface activity, 826-827 
  for turbines, 318-320 
Corrosion protection, hydraulic fluids, 368-370 
Corrosion tests, 827-832 
  automotive engine oils, 828-829 
  aviation gasolines, 828 
  diesel fuel oils, 828 
  gear oils, 829 
  greases, 831-832 
  lubricants, 827-828, 829-831 
Corrosion wear, 931-932 
Corrosivity 
  aviation fuels, 101-102 
  diesel engine oil, 475 
Coupling agents, metalworking and machining fluids, 513 
Cracking, crude oil, 146-148 
Critical pressure, 384 
Critical temperature, 384 
Crude oil gases, 3 
  disposition, 5 
Crude oils, 6-7, 145-148 
  classification, 526-527, 575-576 
  cracking, 146-148 
  distillation, 146-147 
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  distillation, 696-698 
  preparation and separation, 9-10 
  refinery blending and storage, 147-148 
  refining, 528-529 
  vapor pressure, 702 
  waxy, 527-528 
Crystalline structure, petroleum coke, 775-776 
Crystallization, esters, 289-291 
Cyclic durability test, gear lubricants, 458 
Cyclohexane derivatives, 260 
 
              D 
Dalton's Law, 383 
Defoamers, see Antifoam additives 
Deformation, friction due to, 911 
Degree of overbasing, 208 
De-icers, 68 
Delamination wear, 937-938 
Delayed coking, 21-23 
Demulsibility 
  compressor lubricants, 397-398 
  gear lubricants, 457-458 
  hydraulic fluids, 366 
Demulsifiers, 232-233 
  gear lubricants, 441 
  marine petroleum fuels, 154 
Density 
  aerospace fuels, 735-736 
  crude oil, 6 
  diesel fuel, 117-118 
  marine petroleum fuels, 149 
  petroleum coke, 775 
  petroleum pitch, 768 
  refrigeration lubricants, 421 
  turbine lubricating oils and hydraulic fluids, 332 
Deposit control additives, 69-70 
Desorption, environmental characteristics, 888 
Detergents, 208-211 
  gear lubricants, 440, 444 
  hydraulic fluids, 358 
  micellar structure, 210-211 
  synthesis, 210 
Dewaxing, hydrocarbon base oil, 171-172 
Dewaxing process variables, 530-531 
Dew Point test, 47-48 
Dialkyl dithiophosphoric acid derivatives, synthesis, 215 
Dibasic acid esters, refrigeration lubricants, 416 
Diesel engines 
  alternative fuels, 138-139 
  history, 115-116 
Diesel fuel oils, 9 
  API gravity, 117-118 
  aromatics, 131-132 
  ash, 135 
  carbon residue, 135-136 
  cetane index, 119-120 
  cetane number, 119 

  cleanliness, 124-125 
  Cloud Point, 121-122 
  Cold Filter Plugging Point, 123-124 
  composition/performance correlations, 178-179 
  copper strip corrosion, 134-135 
  corrosion tests, 829 
  corrosiveness, 475 
  density, 117-118 
  distillation, 120-121 
  dyed, 135-137 
  Flash point, 128-129 
  formation of insolubles, 125 
  grades, 116-117 
  heat content, 132-134 
  heat of combustion, 132-134 
  ignition and combustion characteristics, 118-119 
  low-sulfur, 135-137 
  Low-Temperature Flow Test, 123 
  lubricity, 129-131 
  oxidation stability, 126-127 
  performance categories, 473-474 
  Pour Point, 122-123 
  premium, 137-138 
  requirements, 118 
  specifications, 116-117 
  stability, 125-126 
  storage stability, 127-128 
  thermal stability, 126 
  total sulfur, 134 
  viscosity, 121 
  volatility, 120-121 
  World Wide Fuel Charter, 137 
Diesel fuel combustion, 717-727 
  combustion process, 718-719 
  emissions, 719-721 
  fuel injection, 717-718 
  ignition, 718 
Diesel fuel oils 
  cetane number, 721-723 
  corrosion tests, 828 
  CVCA/IQT method, 724-727 
  ignition quality, 721-727 
  proposed alternatives to ASTM D  613, 723-724 
  specifications, 718 
  standards, 727 
Diesel fuel system, 161, 163-165 
  back pressure control, 164-165 
  boost systems and deaeration, 164 
  centrifuges, 161, 163 
  emulsifiers, 165 
  filters and strainers, 163-164 
  fuel final filter, 164 
  fuel service heaters, 164 
  fuel supply flowmeter, 164 
  homogenizer, 165 
  viscosity control, 164 
  waste heat economizers, 165 
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Diesel index, 118 
Diesel-injector nozzle, shear resistance, turbine lubricating 
oils and hydraulic fluids, 340 

Diesel plant fuel system, 161-162 
Diesters, 249-252 
  application and performance characteristics, 252 
  biodegradability, 252 
  chemical characteristics, 251 
  chemistry and manufacturing, 249-251 
  manufacturing technology, 250-251 
  physical properties, 251 
Difference method, infrared spectroscopy, 668 
Differential scanning calorimetry 
  petroleum waxes, 539-542 
  transition temperatures, 548 
Dip cups, 867-868 
Dispersants, 203-208 
  bridged structure, 206-207 
  gear lubricants, 440-441, 445 
  hydraulic fluids, 358 
  in marine petroleum fuels, 153 
  metalworking and machining fluids, 516 
  performance, 204-205 
  structural features, 205-206 
  uses, 206, 208 
Dispersant viscosity modifiers, 206, 228-229, 231 
Dispersive-type infrared spectrometers, 667 
Disposition tendencies, liquids in thin films and vapors, 

819-820 
Dissociation constant, environmental characteristics, 888 
Distillate fuels 
  high temperature stability, 817-818 
  oxidation stability, 816-817 
  storage stability, 817-818 
Distillation, 675-682 
  atmospheric pressure, 676-680 
  crude oils, 146-147, 696-698 
  diesel fuel, 120-121 
  fuel oils, 761 
  hydraulic fluids, 365 
  hydrocarbon base oil, 171 
  international standards, 689 
  mineral oil heat transfer fluids, 582 
  reduced pressure, 680-690 
Distillation fractions, 3-4 

   2,6-Ditertiarybutyl-4-methylphenol, 314-315 
DOD-L-85734 oils, 1011-1012 
Driveability index, 78-79 
Dropping point, lubricating greases, 563-564 
Dyes, 234, 519 
Dynamic seals test, gear lubricants, 460 
Dynamic shear rheometer, 870 
 
            E 
Ecological tests, environmentally friendly oils, 289, 291-

292 
Elastohydrodynamic contact, functional regions, 965 

Elastohydrodynamic film-forming capability, engine oil, 
983-987 

  optical thickness measurement, 984-985 
  pressure-viscosity coefficients, 985-987 
Elastohydrodynamic lubrication, 413, 968 
  film thickness, 1007 
    measurements by interferometry, 947-948 
  mixed film lubrication, 949 
  non-Newtonian, 948-949 
  Reynolds equation, 948 
Elastomeric seals, see Seal compatibility 
Elastomers, turbine lubricating oils  and hydraulic fluids 
compatibility, 344 

Electric-arc furnaces, graphic electrodes, 782 
Electrochemical corrosion, 218, 220 
Electrostatic stabilization, 204-205 
Elemental analysis, 707-716 
  ASTM proficiency testing, 714 
  atomic absorption spectrometry, 709 
  bomb combustion methods, 709 
  classical wet chemistry methods, 709 
  DO2 test methods, 709-710 
  future developments, 715-716 
  graphite furnace atomic absorption spectrometry, 709-711 
  inductively coupled plasma-atomic emission spectrometry, 

711-712 
  inductively coupled plasma-mass spectrometry, 712 
  international test methods harmonization, 714-715 
  ion chromatography, 712 
  microelemental analysis methods,  712 
  neutron activation analysis, 712-713 
  sample preparation, 707 
  standard reference materials, 714 
  wear metals in used oils, 707-709 
  X-ray fluorescence spectrometry, 713 
Elemental content, gear lubricants, 458 
Emissions 
  aerospace fuels, 743 
  diesel fuel combustion, 719-721 
Emulsifiers, 232-233 
  diesel fuel system, 165 
  gear lubricants, 441-442 
Emulsion promoters, metalworking and machining fluids, 
512-513 

Energy conserving characteristics, 471 
Energy content, gasoline, 72 
Energy equation, 756 
Engine deposits, effect on octane number requirement, 77 
Engine management systems, 71 
Engine oils 
  adhesive wear testing, 981-982 
  elastohydrodynamic film-forming capability, 983-987 
  hydraulic fluids, 374 
  oxidation 
    standards, 823 
    testing, 807-811 
  performance tests, 237-239 
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  standards, 485-488 
  thermo oxidation engine oil simulation test, 808-812 
  traction and scuffing failure characteristics, 1008-1009 
  traction characteristics, 1003, 1005 
  WAM high speed load capacity test method, 1010 
Engine spark timing, octane number requirement, 76-77 
Engine tests, engine oils, 823 
Entraining velocity, 966-967 
Environmental acceptability, synthetic lubricants, 262-263 
Environmental characteristics, 885- 906 
  abiotic degradation, 889-890 
  accumulation processes, 894-895 
  acute toxicity tests, 894, 901-902 
  adsorption, 888 
  biodegradation, 890-894 
  chemical structure and, 886-887 
  chronic and subchronic tests, 894, 903-904 
  complex mixture toxicity, 900-901 
  desorption, 888 
  dissociation constant, 888 
  exposures, 895-896, 900-901 
  hazard and risk, 904 
  Henry's Law Constant, 888 
  low solubility materials, 900 
  non-aquatic toxicity tests, 903-904 
  octanol/water partition coefficient, 887 
  rationale for standardized testing, 885-886 
  standardized tests, 895-899 
  terminology, 904-906 
  transformation processes, 889 
  transport processes, 888-889 
  vapor pressure, 888 
  volatility, 896, 900 
  water solubility, 887 
Environmental considerations, marine petroleum fuels, 156 
Environmental impact, 234 
Environmentally acceptable hydraulic fluids, 377-378 
Environmentally friendly oils, 267-294 
  alcohol bonds, 271-272 
  carboxylic acids, 272-273 
  chemical properties, 273-276 
  crystallizing, 289-291 
  ecologically toxic properties, 289, 291-292 
  esterification, 270-271 
  functional groups and elementary  compound, 269-270 
  functions and requirements, 267-268 
  future developments, 291-293 
  hydrolysis, 274 
  low temperature properties, 289-291 
  native esters, 275, 277-278 
  oxidation stability, 274-275 
  standards, 293-294 
  synthetic esters, 276, 278-279 
  viscosity, 273, 289-290 
  see also Pressure media 
Equation-of-state approach, 423, 535-539 
Equipment line sizing, refrigeration lubricants, 426 

Erosion corrosion, 933 
Erosion wear, 931-932 
Ester fluids, viscosity vs. temperature, 289-290 
Esterification, 249-250 
  catalysis, 251 
  mechanism, 270-271 
Ester polymers, 225-228 
Esters 
  compressor lubricants, 394 
  native, environmentally friendly oils, 275, 277-278 
  native and synthetic 
    chemical bases, 269-273 
    chemical properties, 273-276 
  pour points, 273 
  synthetic 
    environmentally friendly oils, 276, 278-279 
    turbines, 309-311 
Ethanol, in propane, 47 
Ethylene 
  characterization, 192 
  production, 186-190 
    commercial production, 188-190 
    feedstock, 186-188 
    thermal cracking reaction, 188 
Ethyl mercaptan, as odourant, 52, 55 
Evaporation, compressor lubricants, 399 
Evaporation loss, lubricating greases, 564 
EWMA overlay, 1056 
Exhaust emissions, marine petroleum fuels impact, 154 
Exponentially Weighted Moving Average values, 1056 
Exposures, environmental  characteristics, 895-896, 900-901 
Extreme pressure additives, 213-214, 216-219, 955-957 
  gear lubricants, 440, 444 
  hydraulic fluids, 363 
  metalworking and machining fluids, 513-515 
  standards, 1036 
  surface reactions, 954-955 
  turbines, 319-321, 457, 1030-1031 
Extreme pressure Timken method, lubricating greases, 566 
 
               F 
Failure, parameters controlling, 965-966 
Falling needle, 868-869 
Falling viscometer, 836 
Fatigue wear, 933-936 
Fat solubility, 820-821 
Ferrite, 587 
Ferrous corrosion inhibitors, 69 
Film boiling, shock, steel, 599-602 
Film-forming agents, 211-223 
  metalworking and machining fluids, 513-515 
Filterability, hydraulic fluids, 367-368 
Filter Bowl Compatibility Test, compressor lubricants, 410 
Filters, diesel fuel system, 163-164 
Filter-separators, 107-108 
Fire point 
  Cleveland Open Cup, 692 
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  compressor lubricants, 398-399 
  gear lubricants, 454 
  quench oils, 609 
  Tag Open cup, 693 
Fire-resistance tests, turbine lubricating oils and hydraulic 

fluids, 334-337 
Fire resistant fluids, hydraulic fluids, 375-377 
Fischer-Tropsch diesel fuels, 138 
Fischer-Tropsch process, 525-526 
Fish, toxicity tests, 902-903 
Fixed bed hydrocracking, 24 
Flame ionization detector, 653 
Flammability, 682, 690-696 
  aerospace fuels, 738 
  aviation fuels, 98-101 
  gasoline, 84 
  LPG, 52 
  see also Fire point; Flash point 
Flash point 
  bias among test methods, 692 
  Cleveland Open Cup, 692 
  compressor lubricants, 398-399 
  continuously closed cup, 694 
  diesel fuel, 128-129 
  equilibrium method with closed cup, 693-694 
  fuel oils, 761 
  gear lubricants, 454 
  international test methods, 694-695 
  marine petroleum fuels, 150 
  Pensky-Martens Closed Cup Tester, 692-694 
  quench oils, 609 
  Setaflash Closed Cup, 693 
  small scale closed cup, 693 
  Tag Open cup, 693 
  test methods, 690-691 
  verification fluids, 691 
Flash temperatures, 941-942 
Fluorescent indicator adsorption, hydrocarbon analysis, 659 
Fluorinated basestocks, compressor lubricants, 395 
Flow properties, 833-875 
  ASTM procedures, 853-854 
  bulk material properties, 921-922, 925-926 
  flash temperatures, 941-942 
  high-temperature high-shear, 843- 845 
  kinematic viscosity, 837-841 
    history, 841-843 
    temperature relationship, 854-856 
  low temperature tests, 851 
  lubricating greases, at high temperatures, 562 
  near surface structure, 919, 923 
  nomenclature, 833-835 
  non-petroleum materials, 867-872 
  pressure-viscosity coefficient, 916-920 
  standards, 072-875 
  sub-surface structure, 919-920, 924 
  surface conformity, 914-916 
  surface films, 919, 921-923 

  viscometer geometries, 835-836 
  wear maps, 942-945 
  wear surfaces, 911-913 
  see also Cold flow properties; Viscosity 
Fluid biodeterioration, polymer quenchants, 620-621 
Fluid catalytic cracking, 9-12 
  yields, 11 
Fluid coking, 770 
Fluidized bed hydrocracking, 24-25 
Fluid oxidation, compressor lubricants, 400-401 
Foaming 
  automotive lubricants, 471 
  compressor lubricants, 398 
  gear lubricants, 456-457 
  hydraulic fluids, 366-367 
  turbine lubricating oils and hydraulic fluids, 332-334 
Foam inhibitors, see Antifoam additives 
Foam testing, polymer quenchants, 620 
Four ball extreme pressure test, 457, 1028-1029 
  compressor lubricants, 402 
  lubricating greases, 566-567 
Four ball tests, 1026-1027 
Four ball wear test, 457, 1027-1028 
Fourier transform infrared  spectroscopy, 667 
Free water, 639-640, 646 
  in aviation fuels, 109-110 
Fretting wear, 567, 934-936 
Friction, 909-911 
  area of true contact, 909-911 
  due to adhesion, 911 
  due to deformation, 911 
  due to ploughing, 911-912 
  standards, 1035-1037 
  types of, 497 
Friction coefficient, 945 
  effect of hydrocarbon chain length, 954 
Friction modifiers, 211-213, 949, 951-952 
  gear lubricants, 441 
F-test, 1059-1060 
Fuel additives, marine petroleum fuels, 153-154 
Fuel-injection system, 115-116 
Fuel injector shear stability test, 852 
  standards, 875 
Fuel oils, 8, 757-762 
  API gravity, 758-759 
  ash, 761-762 
  carbon residue, 761 
  compatibility of blended, 762 
  distillation, 761 
  flash point, 761 
  heating value, 759-760 
  instability, 762 
  pour point, 761 
  specifications and applications, 757-759 
  sulfur content, 762 
  viscosity, 760-761 
Fuels, oxidation testing, 811, 813, 815-818 
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Fuel service heaters, diesel fuel system, 164 
Fuel treatment, gas turbine fuel system, 165-166 
Fuses, aviation fuels, 108 
FZG Gear Test Machine, 320, 322,  1033-1035 
  compressor lubricants, 402-403 
FZG Pits C i80 TS, gear lubricants, 459 
FZG scuffing test, gear lubricants, 458 
FZG test, 362 
 
             G 
Galling wear, 923, 929-930 
Galvanic corrosion, 932 
Gas chromatography 
  hydrocarbon analysis, 652-657 
  liquified petroleum gas, 40 
  petroleum waxes composition, 549 
  principles, 652-653 
Gas chromatography-mass spectrometry,         

hydrocarbon analysis, 664 
Gas compression cycle, 384-386 
Gas compressors, 386-389 
Gas hydrates, 44-46 
Gas laws, 383-384 
Gas line anti-freeze, 68 
Gasohol, blending with gasoline, 80, 82 
Gasoline, 7-8, 61-86 
  additives, 68-70 
  adiabatic flame temperature, 84 
  autoignition temperature, 83-84 
  aviation, 89, 91-92 
    additives, 105 
    combustion, 97 
    history, 89-90 
    knock resistance, 97 
    low temperature, 94-95 
    manufacturing, 103 
    quality control, 107 
    volatility and flammability, 98 
  combustion, 70-77 
    air-fuel ratio and stoichiometry, 71-72 
    engine management systems, 71 
    gasoline energy content, 72-73 
    spark ignition engines, 70-71 
  composition, 66-68 
  conductivity, 85 
  flammability, 84 
  heat capacity, thermal conductivity, and heat of        

vaporization, 84 
  heat of combustion, 84 
  history, 61-66 
    2004+ vehicle and fuel  regulation, 66 
    alkyl lead, 62 
    Clean Air Act 0f 1963, 63 
    Clean Air Act of 1970 and 1977  amendment, 64 
    Clean Air Act Amendments of 1990, 65-66 
    leaded gasoline, 61-62 
    nonleaded gasoline, 63-64 

    octane ratings, 62-63 
    vapor controls, 64-65 
  nonleaded, 63-64 
  octane performance properties, 73-77 
    anti-knock ratings, 73-74 
    combustion and knock, 73 
    motor octane number, 73-74 
    octane distribution through fuel boiling range, 75 
    octane number requirement, 75-78 
    on-line analyzer octane rating, 74-75 
    research octane rating, 74 
  oxidation 
    stability, 813, 815-817 
    standards, 823 
    testing, 811, 813, 815-818 
  oxygenates in, 68 
  performance additives, 69-70 
  reformulated, 65-66 
  specifications, see ASTM D 4814 
  standards, 85-86 
  static electricity, 85 
  trace constituents and contaminants, 69 
  vapor pressure, 699, 701 
  viscosity and lubricity, 84-85 
Gasoline-oxygenate blends, vapor pressure, 699, 701 
Gas solubility 
  compressor lubricants, 395-396, 406-408 
  petroleum oils, 406-407 
Gas turbine engines, 115, 298-299 
  development, 302-303 
  lubrication system, 301-302 
Gas turbine fuels, 139-142 
  requirements, 140-141 
  standards, 142-143 
  trace metal limits, 141-142 
  see also Ryder gear 
Gas turbine fuel system, 165-166 
  construction materials, 166-167 
Gearbox oils, see Ryder gear 
Gear contacts, performance maps and, 972-973 
Gear corrosion test, gear lubricants, 460 
Gear lubricants, 431-462, 481-483 
  acid number, 456 
  additives, 439-443, 447 
  air release, 460 
  antiwear agents, 440, 444 
  API gravity, 456 
  API service designation, 448-453 
  base number, 458 
  channel point FTM, 459 
  chlorine level, 457 
  cold crank simulator, 458 
  compatibility, 460 
  compounded, 439 
  Copper Strip Tarnish Test, 454, 456 
  corrosion inhibitors, 441 
  cyclic durability test, 458 
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  demulsibility, 457-458 
  demulsifiers, 441 
  detergents, 440, 444 
  dispersants, 440-441, 445 
  dynamic seals test, 460 
  early, 431-432 
  elemental content, 458 
  emulsifiers, 441-442 
  extreme pressure, 439 
    oxidation, 458 
  extreme pressure agents, 440, 444 
  fire point, 454 
  flash point, 454 
  foam characteristics, 456-457 
  foam inhibitors, 441 
  four ball EP, 457 
  four ball wear, 457 
  friction modifiers, 441 
  function, 431 
  future trends, 460-461 
  FZG Pits C i80 TS, 459 
  FZG scuffing test, 458 
  gear corrosion test, 460 
  gear scoring test, 459-460 
  GFC oxidation, 459 
  greases, 439 
  high temperature foam inhibition,  459 
  insolubles in used oils, 457 
  kinematic viscosity, 456 
  low speed high torque hypoid test, 459 
  low temperature Brookfield viscosity, 458 
  MIL-PRF-2105E, 451-452 
  nitrogen level, 458 
  OEM specifications, 451, 453 
  open gear compounds, 439 
  oxidation inhibitors, 441, 445 
  phosphorus level, 457 
  polymeric thickeners, 441-442 
  pour point, 454 
  pour point depressants, 441 
  precipitation number, 453 
  rust and oxidation inhibited, 439 
  rust inhibition, 456 
  Ryder gear test conditions, 988-990 
  SAE 3306 viscosity classification, 449-451 
  scuffing 
    front, propagation, 992-993 
    initiation, 990-992 
  seal compatibility, 459 
  shear stability, 459 
  standards, 461-462, 493 
  standard tests, 482-483 
  storage solubility, 460 
  sulfur level, 457 
  synchronizer SSP 180 test, 459 
  systematic tribology, 988-996 
  thermal and oxidation test, 458 

  Timken EP Tester, 457 
  tribological features, microscopic  examination, 991-992 
  tribological processes, 993-996 
  types, 437, 439 
  viscosity index, 457 
  water content, 457 
Gear oils 
  corrosion tests, 829 
  oxidation, standards, 822 
  oxidation testing, 802-804 
  performance testing, 239-240 
Gears 
  failure modes, 434-436 
  lubrication, 434, 436-438 
  types, 432-434 
Gear scoring test, gear lubricants, 459-460 
Gear testing, aviation gas turbine oil, 988 
GFC oxidation, gear lubricants, 459 
Glass capillary vacuum viscometers, 870-871 
Gloss retention, petroleum waxes, 549 
GM quenchometer cooling times, 604-606 
Graphic electrodes, for electric-arc  furnaces, 782 
Graphite furnace atomic absorption spectrometry, elemental 
analysis, 709-711 

Greases, see Lubricating greases 
Grossmann hardenability, 592-593 
Gum content, gasolines and fuels, 811, 813, 815 
 
             H 
Halocarbons, in LPG, 50 
Hardenability, steel, 589-591 
  measurement, 591-593 
Hardness, petroleum waxes, 547-548 
Hazard, environmental characteristics, 904 
Health effects, LPG exposure, 54-55 
Health issues, aerospace fuels handling, 747 
Heat capacity, gasoline, 84 
Heat content, diesel fuel, 132-134 
Heating value 
  fuel oils, 759-760 
  marine petroleum fuels, 149-150 
Heat of adsorption, wear reduction  and, 954 
Heat of combustion, 72 
  diesel fuel, 132-134 
  gasoline, 84 
Heat of vaporization, gasoline, 84 
Heat resistance, lubricating greases, 563-565 
Heat transfer 
  efficiency, compressor lubricants,  408-409 
  hydraulic fluids, 353-354 
Heat transfer coefficient, 573-575 
Heat transfer fluids, see Mineral oil heat transfer fluids 
Heat transfer fluid system, design and construction, 583-584 
HEES fluids, 377 
Henry's Law Constant, 888 
HEPG fluids, 378 
HEPR type fluids, 378 
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Hertzian contact, 914, 946-949, 965-966 
Heteroatom, removal, 17-20 
HETG fluids, 377 
HFA fluids, 375-376 
HFB fluids, 376 
HFC fluids, 376 
HFD fluids, 376-377 
High frequency reciprocating rig, 129, 131 
High Pressure Differential Scanning Calorimetry, 258 
High-shear 
  high-temperature, 843-845 
  low-temperature, lubricants, 846-848 
High temperature copper-lead bearing wear, 470 
High temperature foam inhibition, gear lubricants, 459 
High temperature stability, distillate fuels, 817-818 
Hindered phenols, oxidation inhibition, 794 
1H NMR spectroscopy, hydrocarbon analysis, 651 
Homogenizer, diesel fuel system, 165 
Hot surface tests, turbine lubricating oils and hydraulic 

fluids, 335 
Hot tack, petroleum waxes, 552 
HSR, 3 
HVAC cycle, refrigeration lubricants, 424-426 
Hydraulic fluids, 353-379 
  aeration and foam, 366-367 
  antifoam additives, 367 
  antioxidants, 356-358 
  antiwear and extreme pressure additives, 363 
  antiwear performance testing, 361-364 
  automatic transmission fluids, 374 
  boundary conditions, 360-361 
  coolant separability, 370-371 
  corrosion inhibitors, 369-370 
  corrosion protection, 368-370 
  demulsibility, 366 
  detergents, 358 
  dispersants, 358 
  engine oils, 374 
  environmentally acceptable, 377-378 
  filterability, 367-368 
  fire-resistant, 301-302, 375-377 
  frictional properties, 212-213 
  heat transfer, 353-354 
  hydrolytic stability testing, 365-366 
  low temperature pumpability, 372-373 
  lubrication, 353 
  machine builder specifications, 364 
  metal passivators, 369-370 
  mineral oils, 374-375 
  oxidation 
    stability, 355-359, 801 
    standards, 822 
    tests, 356-357 
  performance testing, 240-241 
  petroleum base stocks, 355 
  pour point depressants, 373 
  power transfer, 353-354 

  rust inhibitors, 369-370 
  seal compatibility, 370 
  shear stability, 371-372 
  standards, 378-379 
  thermal stability, 355-359 
  tractor fluids, 374 
  trends, 353-355 
  types, 268-269 
  viscosity, 359-360 
  viscosity index improvers, 371-372 
  water content, 363, 365 
  wear protection, 359-364 
  see also Pressure media 
Hydraulic oils 
  oxidation characteristics, 797-798 
  thermal stability, 799-800, 830 
Hydrocarbon analysis, 649-672 
  13C NMR spectrometry, 650-651 
  fluorescent indicator adsorption, 659 
  gas chromatography, 652-657 
  gas chromatography-mass spectrometry, 664 
  infrared spectroscopy, 668-670 
  liquid chromatography, 657-660 
  mass spectrometry, 664-665 
  NMR spectroscopy, 649-652 
  standards, 671-672 
  super critical fluid chromatography, 659-660 
  ultraviolet spectroscopy, 661-662 
Hydrocarbon base oil, 169-183 
  biodegradability, 182 
  biological properties, 181-182 
  composition/performance correlations, 178-179 
  effects in industrial lubricants, 179-180 
  hydrocarbon type analysis, 172-173 
  impact of sulfur compounds on chemistry, 176-177 
  market, 169-170 
  molecular structures, 174-175 
  naphthenic vs. paraffinic, 172 
  nitrogen compound reactivity, 177-178 
  NMR spectroscopy, 174-175 
  olefins, 178 
  oxidation, 175-176 
  refining and processing technology, 170-172 
  refining capacity, United States, 169-170 
  rheology and composition, 178 
  rubber compatibility, 181 
  solvency effects, 181 
  spectrometric identification components, 173-174 
  standards, 182-183 
  structures with high susceptibility  to oxidation, 788 
  viscosity-pressure coefficient composition effect, 180-181 
Hydrocarbon oils, turbines, 305-306 
Hydrocarbon-oxygenate mixtures, vapor pressure, 702-703 
Hydrocarbons 
  crude oil composition, 6 
  in gasoline, 66-67 
  physical adsorption, 921 



    
        MANUAL 37: FUELS AND LUBRICANTS HANDBOOK 

 

1074   

  terminology, 5-6 
  see also Synthetic hydrocarbons 
Hydrocracked basestocks, turbines, 307-308 
Hydrocracking 
  fixed bed, 24 
  fluidized bed, 24-25 
  hydrocarbon base oil, 171 
Hydrodynamic film region, 963 
Hydrodynamic lubrication, 214, 413, 498, 949 
Hydrofinishing hydrocarbon base oil, 172 
Hydrogen 
  in petroleum fractions, 195 
  classification in organic molecules, 788 
Hydrogen production, 25-26 
Hydrogen refining, hydrocarbon base oil, 171 
Hydrolysis 
  environmental characteristics, 889-890 
  environmentally friendly oils, 274 
  pressure media, 279-281 
Hydrolytic stability 
  compressor lubricants, 398 
  diesters, 251-252 
  polyolesters, 251-252 
  pressure media 
    laboratory aging, 285-287 
    test stand aging, 287-289 
  turbine lubricating oils and hydraulic fluids, 339-340 
Hydrolytic stability testing, hydraulic fluids, 365-366 
Hydroperoxide 
  decomposers, 791-792 
  decomposition, 790, 793 
  oxidation rate and, 790 
Hydroprocessing 
  options, 19 
  terminology, 18 
Hydrostatic tank gauges, 645 
Hydrotreated basestocks, turbines,  307-308 
Hyfinishing, hydrocarbon base oil,  172 
 
             I 
I-Chart, 1055-1056 
Icing, in LPG systems, 45 
Ideal Gas Law, 383 
Ignition quality, marine petroleum  fuels, 149-150 
Indiana Stirring Oxidation Test, compressor lubricants, 401 
Induction Period Method, 813, 815-817 
Inductively coupled plasma-atomic  emission spectrometry, 
elemental analysis, 711-712 

Inductively coupled plasma-mass spectrometry, elemental 
analysis, 712 

Industrial gear lubricants, 453-456 
  performance testing, 240 
Industrial hydraulic fluids, performance testing, 241 
Industrial lubricants, base oil effects, 179-180 
Infrared spectroscopy, 665-671 
  achieving reproducible baselines, 668 
  analysis of multicomponent solutions, 667-668 

  band area methods, 668 
  Beer-Lambert law, 667 
  compressor lubricants, 400-401 
  difference method, 668 
  dispersive-type infrared spectrometers, 667 
  Fourier transform, 667 
  gas analysis, 668 
  hydrocarbon analysis, 668-670 
  inorganic characterization, 670-671 
  quench oils, 610 
  standards, 671 
  wavelength, wavenumber and frequency, 666-667 
Inhibitor content, determination, 194 
Inorganic/organic solids, metalworking and machining 
fluids, 519 

Insolubles, in used oils, 457 
Instability, fuel oils, 762 
Insulation fires, mineral oil heat transfer fluids, 583 
International Harvester oxidation corrosion, 811 
Invertebrates 
  acute toxicity tests, 902 
  chronic and subchronic toxicity tests, 903 
Ion chromatography, elemental analysis, 712 
Iron based organo-metallics, in gasoline, 69 
Iron carboxylate, oxidation rate and, 790 
Iron chip corrosion, metalworking fluids, 831 
Iron corrosion, compressor lubricants, 398 
Isomerization, 14, 16 
Iso-propanol, in propane, 47 
Isothermal operation, 384 
Isothermal transformation diagrams, 589 
 
            J 
Jet fuel, 8, 92-93 
  additives, 104-105 
  combustion, 97-98 
  history, 89, 91 
  low temperature, 93-94 
  manufacturing, 103-104 
  product color, 109 
  quality control, 107 
  Smoke Point, 98 
  visual appearance, 109 
  volatility and flammability, 98-101 
Jet Fuel Thermal Oxidation Tester,  96, 815-816 
Jominy bar end-quench test, 591-592 
Joule-Thomson cooling, 46 
 
            K 
Karl Fisher Titration Test, 365 
Kerosine, 3 
Kinematic viscosity, 837-841 
  compressor lubricants, 396-397 
  gear lubricants, 456 
  history, 841-843 
  quench oils, 608-609 
  standards, 875 
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  temperature relationship, 854-856 
Kinetic coefficient of friction, 909 
 
             L 
Laboratory aging 
  hydrolysis stability, 285-287 
  oxidation stability, 281-283 
Lambda values, 912-913 
Lattice transition, alkanes, 534 
Lead corrosion, 221 
Leakage, lubricating greases, from wheel bearings, 565 
Leidenfrost temperature, 593 
"Liedenfrost effect", 53 
Light hydrocarbons 
  high temperature vapor pressure, 32 
  low-temperature vapor pressures, 33 
Linear reciprocation, 1031-1033 
Liquid chromatography 
  fluorescent indicator adsorption, 659 
  hydrocarbon analysis, 657-660 
  principles, 657-658 
  standards, 660 
  super critical fluid chromatography, 659-660 
Liquid Heptane Washing Test, compressor  lubricants, 401-
402 

Liquified petroleum gas, 31-56 
  auto propane, 51-52 
  exposure, 54-55 
  flammability, 52 
  gas hydrates, 44-46 
  handling, 52-54 
  history, 31-32, 35-38 
    industry, 32, 35 
    use, 35-37 
  odorization, 55 
  properties and thermodynamics, history, 37-38 
  sample cylinder approvals, 54 
  specifications, 38-50 
    composition, 40 
    contaminants, 49-50 
    density, 40 
    dryness of propane, 42-49 
    history of ASTM standards, 38-39 
    naturally occurring radioactive materials, 50 
    octane, 40 
    olefins, 40-41 
    residual matter, 49 
    sampling, 39-40 
    sulfur content, 49 
    vapor pressure, 40-42 
    volatility residue, 42 
  uses, 56 
  vapor, 53 
  vapor pressure, 703-704 
  volume correction factors, 50-51 
  water in, 47-49 
LISCIC/NANMAC quench probe, 623-625 

Lithium soap greases, 559 
Low speed high torque hypoid test, gear lubricants, 459 
Low temperature Brookfield viscosity, gear lubricants, 458 
Low-temperature flow test, diesel fuel, 123 
Low-temperature high-shear tests, lubricants, 882 
Low temperature properties 
  diesters and polyolesters, 251 
  environmentally friendly oils, 289-291 
Low temperature pumpability 
  hydraulic fluids, 372-373 
  lubricants, 882 
Low temperature storage stability, turbine lubricating oils 
and hydraulic fluids, 329 

Low-temperature torque, lubricating greases, 563 
LPG injector systems, 52 
LSR, 3 
Lube oil base stock production, 25 
Lubricant base oil, market, 169-170 
Lubricants 
  basestocks, 199-200 
  category chronology, 853 
  composition, 199 
  corrosion tests, 827-831 
  function, 413 
  high-temperature degradation model, 791 
  low-temperature high-shear tests,  846-848, 882 
  low temperature pumpability, 848-851, 882 
  low temperature requirements, 845-848 
  oxidation 
    standards, 823 
    testing, 818-821 
  quality ranking, 915-916 
Lubricating greases, 439, 478-481,  557-572 
  accelerated corrosion tests, 568 
  aluminum soap, 558 
  apparent viscosity, 562-563 
  in ball bearings at elevated temperatures, 565-566 
  black penetration, 561 
  bomb oxidation test, 565 
  calcium soap, 558-559 
  chemical analysis, 569 
  chemical properties, 478-479 
  classification, 560 
  compatibility of blends, 569 
  complex soap, 559 
  composition, 557-558 
  cone penetration, 561 
  consistency, 560-561 
  consistency stability, 561-562 
  contamination, 568-569 
  copper corrosion, 567-568 
  corrosion tests, 831-832 
  dropping point, 563-564 
  elastomer compatibility, 569 
  evaporation loss, 564 
  extreme pressure four-ball test, 566-567 
  extreme pressure Timken method, 566 
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  flow properties, at high temperatures, 562 
  fretting wear, 567 
  heat resistance, 563-565 
  leakage from steel bearings, 565 
  lithium soap, 559 
  low-temperature torque, 563 
  NLGI consistency numbers, 561 
  oil separation, 564-565 
  organo-clay, 560 
  oscillating motion, 567 
  oscillating wear test, 567 
  oxidation  
    induction time, 806-807 
    stability, 565-566 
    standards, 823 
    testing, 804-807 
  PDSC oxidation test, 565 
  performance, 480-481 
  performance testing, 242 
  polyurea, 559-560 
  roll stability, 562 
  rust prevention, 568 
  selection, 558 
  in small bearings, 566 
  sodium soap, 559 
  specifications, 560 
  standards, 570-572 
    discontinued, 570 
    under development, 570 
  static bleed test, 569 
  viscosity, 479-480 
  water spray-off, 568 
  water washout, 568 
  wear preventive characteristics, 567 
  wheel bearing grease life, 566 
Lubricating oil 
  additives, 952 
  extreme pressure, oxidation testing, 802 
  oxidation induction time, 818 
Lubrication, 497-500, 909-957 
  boundary, 949 
  elastohydrodynamic, 947-949 
  friction, 909-911 
  friction modifiers, 949, 951-952 
  Hertzian contact, 946-949 
  hydraulic fluids, 353 
  hydrodynamic, 949 
  parameters controlling, 965-966 
  performance, turbine lubricating oils and hydraulic fluids, 

341-342 
  Petroff's law, 949 
  regions, thermal considerations, 970 
  standards, 957 
  synthetic lubricants, 261-262 
  types, 214 
Lubricity 
  aerospace fuels, 744-745 

  aviation fuels, 102-103 
  diesel fuel, 129-131 
  gasoline, 85 
Lubricity additives, 69 
Luminometer, 98 
 
             M 
MacCoull equation, 854 
MacCoull-Walther equation, 919 
Macroemulsions, metalworking and machining fluids, 503 
Magnetic quenchometer method, quench oils, 614-615 
Magnetic residues, LPG, 49-50 
Manifold, air temperature and pressure, octane number 
requirement and, 76 

Mannich products, synthesis, 206-207 
Marine petroleum fuels, 145-167 
  ash, 150 
  ash modifiers, 154 
  biocides, 154 
  carbon residue, 151-152 
  cat fines, 150 
  compatibility, 152 
  demulsifiers, 154 
  density, 149 
  diesel plant fuel system, 161-162 
  environmental considerations, 156 
  flash point, 150 
  fuel additives, 153-154 
  heating value, 149-150 
  ignition quality, 149-150 
  impact on exhaust emissions, 154 
  on board testing, 157 
  oxidation, 152 
  pour point, 150 
  sampling, 156 
  sediment, 152-153 
  shore side analysis, 156 
  sodium in, 152-153 
  specifications, 154-156 
  stabilizers and dispersants, 153 
  standards, 167 
  steam plant fuel service system, 157, 161 
  storage systems, 157-160 
  sulfur, 151 
  toxicity, 154 
  transfer systems, 157 
  vanadium and nickel in, 152 
  viscosity, 148-149 
  water in, 151 
Marine transport, aviation fuels, 105-106 
Mass spectrometry, 662-665 
  hydrocarbon analysis, 664-665 
  instrumentation, 663-664 
  standards, 665 
  theory, 662-663 
Master chart, aviation gas turbine oils, 1012, 1014 
McMillan/Murphy pumpability apparatus, 848 
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Measurement process 
  bias, 1044-1045 
  manufacturing process control, 1043 
  precision, 1044-1045 
  product property conformance to  specification, 1043-

1044 
  self-monitoring, 1044 
  see also Quality assurance 
Melting point, petroleum waxes, 542-545 
Mercaptan odorants, 55 
Metal content, mineral oil heat transfer fluids, 580-581 
Metal deactivators, 795-796 
Metal forming fluids, 509, 520 
Metal passivators, 319-320, 369-370 
Metal preservatives, 830 
Metal protecting fluids, 510 
Metal ratio, 208 
Metal removal fluids, 505-509, 519 
Metals 
  crude oil, 6 
  oxidation potentials, 220 
  significance in petroleum products, 707-708 
Metal treating fluids, 510 
Metalworking and machining fluids, 234, 497-524 
  additives, 511-519 
    alkalinity agents, 516 
    antimicrobial agents, 517-518 
    anti-misting agents, 516 
    corrosion inhibitors, 516-517 
    coupling agents, 513 
    dispersants, 516 
    dyes, 519 
    emulsion promoters, 512-513 
    film-forming agents, 513-515 
    foam inhibitors, 518-519 
    inorganic/organic solids, 519 
    odor control agents, 519 
  base fluid, 510-511 
  classification based on end-use, 505-510 
  formulations, 519-521 
  metal forming fluids, 509 
  metal protecting fluids, 510 
  metal treating fluids, 510 
  oil-based, 501 
  performance testing, 241 
  semisynthetic fluids, 504-505 
  slideway lubricants, 510 
  solid dispersions, 505 
  soluble oils, 503 
  synthetic fluids, 503-504 
  tests, 521-523 
  used, recycling, 521-522, 524 
  water-based, 501-503 
    classification, 503-505 
Metering, aviation fuels, 99-100 
Methane, structure, 732 
Methanol 

  in propane, phase behavior, 46-47 
  in propylene, 193 
Methylcyclopentadienyl manganese tricarbonyl, in gasoline, 
68-69 

Micellar solutions, metalworking and machining fluids, 
501-502 

Micro-elastohydrodynamic lubrication, 948-949 
Microelemental analysis methods, 712 
Microemulsions, metalworking and machining fluids, 504-
505 

Microfilters, 109 
"Micro Method" for carbon residue, compressor lubricants, 
399 

Micronic filters prefilters, 109 
Microorganisms, in aviation fuels, 110 
Micropitting, 434-435, 977, 979 
Micro-scuffing 
  engine oil performance, 1009-1010 
  failure criteria, 1001 
Military fuel specifications, marine  petroleum fuels, 155-
156 

MIL-PRF-2105E, gear lubricants, 451-452 
MIL-PRF-7808 oils, 1012-1013 
MIL-PRF-23699 oils, 1011 
Mineral gas turbine oils, 317-318 
Mineral oil heat transfer fluids, 573-585 
  acid number, 582 
  autoignition, 581 
  carbon residue, 580 
  classification, 575 
  composition, 575-578 
  distillation, 582 
  elastomeric seal compatibility, 581 
  fluid maintenance, 581 
  metal content, 580-581 
  oxidative stability, 580 
  physical properties, 578-581 
  pumpability, 579 
  safety, 583 
  sampling, 581-583 
  specific gravity, 580 
  specific heat, 581 
  standards, 584-585 
  thermal conductivity, 581 
  thermal stability, 579-580 
  viscosity, 579, 582-583 
  water content, 583 
Mineral oils 
  aero-engine lubricants, 301 
  compressor lubricants, 392 
  hydraulic fluids, 374-375 
  inhibited 
    oxidation characteristics, 797-798 
    oxidation stability, 798-799 
    rust-preventing characteristics, 829-830 
    sludging and corrosion  tendencies, 798, 830-831 
  metalworking and machining fluids, 501 
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  organic structures, 576 
  refrigeration lubricants, 414-415 
Mini-rotary viscometer, 849-850 
Mixed-film lubrication, 214 
Modified Ostwald viscometers, 838-841 
Monitors, aviation fuels, 108 
Motor gasoline, see Gasoline 
Motor octane number, 73-74 
MR-Chart, 1056 
MTBE, 16-17, 66 
Multi-specimen test machine, 1030-1031 
 
            N 
Naphthenic base oils, 172 
Naphthenic hydrocarbon fractions, 527 
Naphthene, determination, 195 
Natural gas liquids volume correlation factors, 50-51 
Natural Gasoline Association of America, 37 
Naturally occurring radioactive materials, in LPG, 50 
Near-surface region, 964 
Neutron activation analysis, elemental analysis, 712-713 
Nickel content, 152, 775 
Nitrogen, crude oil, 6 
Nitrogen compound reactivity, hydrocarbon base oil, 177-
178 

Nitrogen level, gear lubricants, 458 
NLGI consistency numbers, 561 
Nonleaded gasoline, 63-64 
Non-lubricating process fluids, 587-632 
  aqueous polymer quenchants, 605-606 
  standards, 630-632 
  temperature gradient quenchant analysis, 623-629 
  see also Quench oils 
Non-petroleum materials using ASTM flow properties, 867-
872 

Normality checks, 1052-1055 
NOx,Clean Air Act, 64 
Nuclear magnetic resonance spectroscopy 
  hydrocarbon analysis, 649-652 
  hydrocarbon base oil, 174-175 
  principles, 649-650 
  standards, 651-652 
 
             O 
Occupational exposure limits, LPG, 54 
Octane 
  distribution throughout fuel boiling range, 75 
  liquified petroleum gas, 40 
Octane number requirement, 75-78 
  air-fuel ratio, 76 
  compression ratio, 76 
  effect of engine deposits, 77 
  engine design parameters, 76 
  engine spark timing, 76-77 
  manifold air temperature and pressure, 76 
Octane rating, history, 62-63 
Octane rating analyzers, on-line, 74-75 

Octanol/water partition coefficient,  887 
Odor, petroleum waxes, 549, 551 
Odor control agents, metalworking and machining fluids, 
519 

Odorization, LPG, 55 
OEM specifications, gear lubricants, 451, 453 
Oil blending calculations, 856 
Oil content, petroleum waxes, 546 
Oil film wash-oil resistance, compressor lubricants, 401-402 
Oil-off testing, 982-983 
Oil separation, lubricating greases, 564-565 
Oil-soluble dye, in gasoline, 69 
Oil stability index, 821 
Oil stain, LPG, 49 
Olefin 
  saturation, 17-20 
  sulfurization, 216 
Olefin-based polymers, 224-226 
Olefin content, 28 
  hydrocarbon base oil, 178 
  liquified petroleum gas, 40-41 
Optical texture, petroleum coke, 775-776 
Organo-clay greases, 560 
Organo-metallics, iron based, in gasoline, 69 
Orifice viscometers, 864-865 
Oscillating motion, lubricating greases, 567 
Oscillating wear test, lubricating greases, 567 
Oxidation, 787-823 
  automotive lubricants, 476-477 
  aviation fuels, standards, 823 
  biodegradable lubricants, standards, 823 
  engine oils, standards, 823 
  extreme pressure oils, 458 
  gasolines, standards, 823 
  gear oils, standards, 822 
  grease, standards, 823 
  hydraulic fluids, standards, 822 
  hydrocarbon base oil, 175-176 
  hydroperoxide decomposers, 791-792 
  lubricants, 787-796 
    standards, 823 
  marine petroleum fuels, 152 
  mechanism, 789 
  pressure media, 277, 279 
  radical scavengers, 791-792 
  role of metal ions, 793-794 
  turbine oils, standards, 822 
Oxidational wear, 933 
Oxidation heat release, 752-753 
  aerospace fuels, 735 
Oxidation induction time, lubricating oils, 818 
Oxidation inhibitors, see Antioxidants 
Oxidation potentials, metals, 220 
Oxidation stability 
  ASTM D 4814, 82-83 
  automotive gear oils, 803-804 
  automotive transmission fluids, 804 
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  aviation fuels, 813 
  diesel fuel, 126-127 
  distillate fuel oil, 816-817 
  environmentally friendly oils, 274-275 
  gasoline, 813, 815-817 
  lubricating greases, 565-566 
  mineral oil heat transfer fluids, 580 
  pressure media, 281-284 
    laboratory aging, 281-283 
    test stand aging, 282-284 
  synthetic lubricants, 258. 260-261 
  turbine lubricating oils and hydraulic fluids, 338-339 
Oxidation Stability test, aviation fuels, 102 
Oxidation testing, 315, 317, 796-822 
  antiwear, 797-798 
  biodegradable lubricants, 820-822 
  engine oils, 807-811 
  fuels, 811, 813, 815-818 
  gasolines, 811, 813, 815-818 
  gear oils, 802-804 
  grease, 804-807 
  hydraulic fluids, 356-357 
  lubricants, 818-821 
  purpose of testing, 796 
  using universal glassware, 802-803 
Oxygen, crude oil, 6-7 
Oxygenated polymer, formation, 790 
Oxygenates, 7, 29 
  addition to gasoline, 65-66 
  in gasoline, 68 
 
             P 
Paddle type rotational viscometer, 835-836 
Paint Compatibility Test, compressor lubricants, 409-410 
Paints, flow-related instruments, 867 
Panel Coker Test, 818-819 
Paraffin, determination, 195 
Paraffinic base oils, 172 
Paraffinic hydrocarbon fractions, 527 
Partial least squares modeling, 179 
Partial oxidation, 26 
Particulate emissions, diesel engines, 720 
Particulates, in LPG, 49-50 
PDSC oxidation test, lubricating greases, 565 
Pearlite, 587 
Peng-Robinson Equation of State, 81 
Penn State micro-oxidation test apparatus, 807 
Pensky-Martens Closed Cup Tester, 692-694 
Perfluoroalkyl ethers, 259 
Performance additives, gasoline, 69-70 
Performance maps, 945, 968-969 
  bearing and gear contacts and, 972-973 
  generalized, 987-988 
  lubrication attributes, 967 
  wear and traction within, 968, 970 
Performance package, 235 
Performance testing, see Additives 

Permanent shear stability index, 853 
Peroxide number, petroleum waxes, 549 
Peroxides, in butadiene, 193-194 
Petroff's law, 949 
Petroleum coke, 768-778 
  ash, 775 
  classification, 773 
  crystalline structure, 775-776 
  density, 775 
  feedstocks, 772 
  microtexture formation, 770-772 
  optical texture, 775-776 
  production processes, 768-770 
  properties, 773-774 
  reactivity, 778 
  standards, 783-784 
  sulfur content, 775 
  thermal expansion, 777 
  trace metals contents, 775 
  volatile matter, 774-775 
Petroleum fractions, hydrogen in, 195 
Petroleum gas, sulfur content, 194-195 
Petroleum industry, history, 145 
Petroleum oil, 3-29 
  classification, 576 
  alkylation, 15-17 
  capacity as percent of crude, 5 
  catalytic reforming, 12-15 
  cogeneration, 28 
  crude oil, 6-7 
    preparation and separation, 9-10 
  fluid catalytic cracking, 9-12 
  future, 28-29 
  gas solubility in, 406-407 
  heteroatom removal and  aromatic/olefin saturation, 17-20 
  hydrogen production, 25-26 
  isomerization, 14, 16 
  lube oil base stock production, 25 
  MTBE, 16-17 
  pollution control, 27-28 
  product blending, 28 
  products, 7-9 
  refinery flow plan, 3-5 
  resid conversion and upgrading, 20-25 
  sulfur recovery, 26-27 
Petroleum pitch, 763-768 
  ash, 768 
  carbon fibers, 781 
  coking value, 767-768 
  density, 768 
  production processes and applications, 763 
  properties, 763-764 
  softening point, 764 
  solvent fractionation, 765-767 
  standards, 783-784 
  sulfur content, 768 
  viscosity, 764-765 
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Petroleum waxes, 525-555 
  additive effect, 542 
  blocking point, 552-553 
  carbonizable substances, 549 
  cloud point, 545-546 
  coefficient of kinetic friction, 552, 554 
  color, 549-551 
  composition, gas chromatography, 549 
  compositional and molecular characteristics, 531-533 
  congealing point, 545 
  crystal structure, 533-535 
  dewaxing process variables, 530-531 
  differential scanning calorimetry, 539-542 
  equations of state, 535-539 
  gloss retention, 549 
  hardness, 547-548 
  hot tack, 552 
  melting point, 542-545 
  odor, 549, 551 
  oil content, 546 
  peroxide number, 549 
  physical properties, 533 
  pour point, 545 
  solvent dewaxing process, 529-530 
  solvent solubility, 546 
  specular gloss, 549, 552 
  standards, 554-555 
  surface wax, 549, 551 
  total wax content, 552 
  transition temperatures, differential scanning calorimetry, 

548 
  types of, 531 
  viscosity, 546-547 
  wax finishing process, 531 
  weight of wax applied during coating, 552 
pH determination, polymer quenchants, 617-618 
Philippoff rotary viscometer, 849 
Phosphate esters, compressor lubricants, 395 
Phosphonic acid dispersants, synthesis, 206-207 
Phosphorus content 
  ASTM D 4814, 82 
  automotive lubricants, 471 
  gear lubricants, 457 
Photolysis, environmental  characteristics, 890 
Photooxidation, environmental characteristics, 890 
Pin and Vee Block tester, 1025-1026 
Pin-on-Disk test, 1026 
Pitting, 434 
Pipelines, aviation fuels, 105 
Plants, toxicity tests, 903 
Plastics, viscosity, 869-870 
Plate-to-plate geometry, 835 
Ploughing, friction due to, 911-912 
Polar additives, adsorption on metal surface, 211-212 
Polishing wear, 923, 929 
Pollution control, petroleum oil refining, 27-28 
Polyalkylene glycols, 252-256 

  application and performance characteristics, 255-256 
  chemical characteristics, 254-255 
  chemistry, 253 
  compressor lubricants, 392-393 
  physical properties, 254 
  refrigeration lubricants, 417-418 
  synthesis, 253-254 
Polyalphaolefins, 257-258 
  compressor lubricants, 393-394 
  refrigeration lubricants, 415-416 
  for turbines, 308-309 
Poly(ethylene) waxes, 525 
Polymer, viscosity, 869 
  loss due to degradation, 228-230 
Polymer-containing oils, shear stability, 851-853 
Polymeric additives, 223-233 
Polymeric thickeners, gear lubricants, 441-442 
Polymer molecular weight analysis, polymer quenchants, 
620 

Polymer quenchants 
  appearance, 616 
  biological stability, 620-623 
  cloud point, 619 
  conductance, 618-619 
  cooling curve analysis, 621-623 
  corrosion inhibitor, 619-620 
  fluid biodeterioration, 620-621 
  foam testing, 620 
  pH determination, 617-618 
  polymer molecular weight analysis, 620 
  refractive index, 616-617 
  viscosity, 617-618 
  water content, 617 
Polyolesters, 249-252 
  application and performance characteristics, 252 
  biodegradability, 252 
  chemical characteristics, 251 
  chemistry and manufacturing, 249-251 
  manufacturing technology, 250-251 
  physical properties, 251 
  refrigeration lubricants, 416-417 
Polyphenyl ethers, 259-260 
Polyurea greases, 559-560 
Polyvinylethers, refrigeration lubricants, 418 
Potential Residue Method, 815 
Pour point, 879-880 
  compressor lubricants, 397 
  diesel fuel, 122-123 
  effect of double bonds, 273 
  esters, 273 
  fuel oils, 761 
  gear lubricants, 454 
  marine petroleum fuels, 150 
  petroleum waxes, 545 
  standards, 874 
  turbine lubricating oils and hydraulic fluids, 329 
Pour point depressants, 205, 230-232 
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  gear lubricants, 441 
  hydraulic fluids, 373 
Power transfer, hydraulic fluids, 353-354 
Power transmission fluids, performance testing, 239 
Precipitation number 
  compressor lubricants, 399-400 
  gear lubricants, 453 
  quench oils, 613-614 
Precision 
  measurement process, 1044-1045 
  monitoring, 1045-1047 
Pressure differential scanning calorimetry, 806, 818 
Pressure drop, 574-576 
Pressure media, 267 
  hydrolysis, 279-281 
  hydrolysis stability, aging, 285-289 
  oxidation, 277, 279 
  oxidation stability, aging, 281-284 
  type, 268-269 
  see also Hydraulic fluids 
Pressure-viscosity coefficient, 916- 920, 985-987 
Propane 
  auto, 51-52 
  depressurized, 46 
  dryness, 42-49 
    auto-refrigeration, 46 
    dissolved water, phase of behavior, 43-44 
    gas hydrates, 44-46 
    methanol, phase behavior, 46-47 
    water measurement, 47-49 
    water sources, 47 
  liquid, 53 
  phase behavior of dissolved water in, 43-44 
Propane deasphalting, hydrocarbon base oil, 171 
Propane hydrates, 45 
Propane P-H diagram, 34 
Propylene 
  characterization, 192-193 
  production, 190 
Pumpability 
  low temperature, lubricants, 848- 851 
  mineral oil heat transfer fluids, 579 
PV curves, 384 
 
            Q 
Quality assurance, 1043-1060 
  approximate F-test, 1059-1060 
  ARV assignment, 1048 
  batch change of material, 1047 
  check standard composition, 1048 
  chi-square test, 1059 
  control chart, 1055-1056 
  data treatment, 1046-1047 
  estimate process precision and bias, 1048 
  EWMA overlay, 1056 
  implementation aspects, 1049 
  interlaboratory exchange testing, 1049 

  material selection, preparation and storage, 1046 
  material testing, 1046 
  monitoring bias, 1047-1048 
  monitoring stability and precision, 1045-1047 
  MR-Chart, 1056 
  normality checks, 1052-1055 
  run chart, 1051-1052 
  standards, 1050 
  statistical tools, 1050-1051 
  system validation, 1049 
  t-test, 1058-1059 
Quality control 
  aviation fuels, see Aviation fuels 
  airport, 110-111 
  elemental analysis, 716 
Quench oils, 602-605 
  acid number, 609-610 
  ash content, 614 
  carbon residue, 611-613 
  contamination, 610-614 
  fire and flash points, 609 
  infra-red spectroscopy, 610 
  kinematic viscosity, 608-609 
  magnetic quenchometer method, 614-615 
  precipitation number, 613-614 
  properties, 604 
  saponification number, 610 
  specific gravity, 609 
  water content, 610-611 
 
             R 
Rabinowitz abrasive wear model, 930 
Radical scavengers, 791-792 
Rail transport, aviation fuels, 106 
Ramsbottom carbon residue, compressor lubricants, 399 
RBOT test, 315-316 
  compressor lubricants, 401 
Reaction temperature, maximum, 754-756 
Reactivity, petroleum coke, 778 
Reavell VHP 15 Compressor Rig Test, 403 
Reciprocating compressors, 386-388 
Recycling, used lubricants, 521-522, 524 
Redlich-Kwong equation, 536 
Reference gauge point, 636 
Reformulated gasoline, 65-66 
Refractive index, polymer quenchants, 616-617 
Refrigeration lubricants, 413-429 
  acid catchers, 419 
  additives, 418-420 
  alkylbenzene, 415 
  antifoaming agents, 419-420 
  antioxidants, 419 
  antiwear additives, 419 
  chemical structure, 414-418 
  choice, 413-414 
  circulation, 424-428 
  density, 421 
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  dibasic acid esters, 416 
  equipment line sizing, 426 
  HVAC cycle, 424-426 
  mineral oils, 414-415 
  performance effects, 428 
  polyalkylene glycols, 417-418 
  polyalphaolefins, 415-416 
  polyolesters, 416-417 
  polyvinylethers, 418 
  properties, 415, 420 
  selection, 426-427 
  solubility, 422-424 
  standards, 428-429 
  system operational envelope, 427 
  viscosity, 420-422 
Reid method, 698-700 
Reid vapor pressure, 99 
Remaining useful life evaluation rig, 820-821 
Repressed oil, refining process, 278 
Re-refining, hydrocarbon base oil, 172 
Research Octane Rating, 62, 74 
Resid, 20-25 
  delayed coking, 21-23 
  fixed bed hydrocracking, 24 
  fluid coking/flexicoking, 24 
  fluidized bed hydrocracking, 24-25 
  solvent deasphalting, 21-22 
  visbreaking, 20-21 
Residual matter, LPG, 49 
Reverse-flow viscometers, 838 
Reynolds equation, 948 
Rheology, 833-835 
  hydrocarbon base oil, 178 
Risk, environmental characteristics, 904 
Road transport, aviation fuels, 106 
Rolling ball viscometer, 836 
Rolling velocity, Ryder gear, 997-1000 
Roll stability, lubricating greases, 562 
R & O oils, performance testing, 241-242 
Rotary compressors, 388-389 
Rotary lobe compressor, 389 
Rotary Pressure Vessel Test, 281, 798 
Rotary screw compressor, 388-390 
Rubber, base oil compatibility, 181 
RULER, 820-821 
Run chart, 1051-1052 
Rust, chemistry, 825-826 
Rust formation, electrochemical nature, 825-827 
Rusting behavior, turbine lubricating oils and hydraulic 

fluids, 340-341 
Rust inhibitors, 218, 220-223 
  gear lubricants, 456 
  hydraulic fluids, 369-370 
  lubricating greases, 568 
  for turbines, 318-320 
Ryder gear 

  applicability of WAM high speed  load capacity test 
method, 1010 
  background of load capacity testing, 1001 
  contact stress simulation, 997-1000 
  data processing and traction behavior, 1003, 1004-1007 
  failure criteria in terms of scuffing and micro-scuffing, 

1001 
  link to service performance, 1008-1009 
  OEM proposed criteria, 1009-1010 
  oil evaluation, 1000-1010 
  performance criteria, 1007-1008 
  procedure, 1003 
  rolling and sliding velocities across tooth face, 997-1000 
  simulation approach, 1001-1003 
  surface film formation, 1007 
  test description, 1003-1005 
  tooth temperatures, 996-997 
Ryder gear scuffing 
  criteria, 995-996 
    effect of oil chemistry, 992-994 
  effect of load stage, 993-994 
  initiation, 990-992 
Ryder Gear Test, 320-321 
  simulation conditions, 996-1000 
  test conditions, 988-990 
 
             S 
SAE 3306 viscosity classification, gear lubricants, 449-451 
Safety 
  aerospace fuels fueling, 744 
  mineral oil heat transfer fluids, 583 
Salt spray, 829 
Sampling, LPG, 39-40, 48 
Saponification, esters, 280 
Saponification number, quench oils, 610 
Sasol distillate fuels, 138 
Saybolt patent, 37 
Saybolt viscometer, 842, 865, 870 
Saybolt viscosity, standards, 874 
Scuffing, 435, 458, 936-937 
  boundary, 968-969 
  engine oil performance, 1009-1010 
  failure criteria, 1001 
  front, propagation, 992-993 
  initiation features on Ryder gears,  990-992 
  oil chemistry effect, 992-994 
  progression, tribological  processes, 993-996 
Scuffing load ball-on-cylinder lubricity evaluator, 129-130 
Seal compatibility 
  compressor lubricants, 409 
  gear lubricants, 459 
  hydraulic fluids, 370 
  lubricating greases, 569 
Seals, functions, 233-234 
Seal swell agents, hydraulic fluids, 370 
Sediment, marine petroleum fuels, 152-153 
Sediment toxicity tests, 903 
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Semisynthetic fluids, metalworking and machining fluids, 
504-505 

Servo-operated automated tank gauge, 645 
Setaflash Closed Cup, 693 
Shear stability 
  gear lubricants, 459 
  hydraulic fluids, 371-372 
  polymer-containing oils, 851-853 
  requirements, 228-229 
  turbine lubricating oils and hydraulic fluids, 340 
Short capillary viscometers, 865 
Short-trip-service engine rusting, 471 
Silicones, 258-259 
  compressor lubricants, 394-395 
Slideway lubricants, 510 
Sliding 
  gross, surface distress testing, 975-977 
  incipient, surface distress testing, 974-975 
  velocity, 966, 997-1000 
Sludge, formation by zinc dialkyldithiophosphate, 356-357 
Small scale closed cup, 693 
Smearing wear, 923, 929 
Smoke Point, 98 
Smoke tendency, aerospace fuels, 741 
Snelling, Walter, 36 
Soap content, detergents, 208 
Soave-Redlich-Kwong equation, 536 
Sodium, in marine petroleum fuels, 152 
Sodium soap greases, 559 
Softening point, petroleum pitch, 764 
Solid dispersions, metalworking and machining fluids, 505 
Solidification, aerospace fuels, 737-738 
Solid lubricants, 483-484 
Solid particles, in aviation fuels, 109 
Solubility, refrigeration lubricants,  422-424 
Soluble gum, ASTM D 4814, 83 
Soluble oils, metalworking and machining fluids, 503 
Solvent  
  deasphalting, 21-22 
  dewaxing process, 529-530 
  fractionation, petroleum pitch, 765-767 
  refining 
    hydrocarbon base oil, 171 
    process, 306-307 
  solubility, petroleum waxes, 546 
Sommerfeld number, 1022-1023 
Sonic shear, turbine lubricating oils and hydraulic fluids, 
340 

Soot, 203-2-4, 720-721 
"Space velocity", 18 
Spark-ignition engine fuels 
  specifications, see ASTM D 4814 
  vapor-liquid ratio, 703 
Spark ignition engines, 70-71 
Specific gravity 
  compressor lubricants, 397 
  mineral oil heat transfer fluids, 580 

  quench oils, 609 
Specific heat 
  compressor lubricants, 408-409 
  mineral oil heat transfer fluids, 581 
Specific impulse, aerospace fuels, 742-743 
Spectrometric identification, base oil components, 172-174 
Specular gloss, petroleum waxes, 549, 552 
Sponge coke, removal, 23 
Spontaneous ignitability, aerospace fuels, 733-734, 738 
Spray ignition tests, turbine lubricating oils and hydraulic 
fluids, 334-336 

Squeeze films, 499 
Stability, diesel fuel, 125-126 
Stabilization patent, 37 
Stabilizers, in marine petroleum fuels, 153 
Stabilizers/deposit control agents, 201-211 
Standard platinum resistance thermometers, 866-867 
Standard reference materials, elemental analysis, 714 
Surfactants, in aviation fuels, 110 
Static bleed test, lubricating greases, 564, 569 
Static electricity, 85, 103 
Static gases, thermodynamic properties, 749-750 
Static petroleum measurement, 635-648 
  automatic tank gauging, 645 
  bottom sample, 641-642 
  examples, 644-645 
  free water, 639-640 
  gauging diagram, 636 
  gross observed volume, 646-647 
  innage gauge, 643-644 
  official sample, 641, 643 
  on-board quantity/remaining on board, 645 
  other standards, 648 
  pipeline samples, 642 
  representative sample, 641 
  spot samples, 641-642 
  standards, 656-657 
  tapes and bobs, 636-638 
  temperature in tank, 638, 643 
  weighted bottle sampler, 640-641 
Statistical quality control tools, 1050-1051 
Steam cracking, ethylene, 188-190 
Steam plant fuel service system, 157, 161 
Steam reforming, 25-26 
Steam turbine, 297-298 
  control fluid system, 301 
  shaft driven lubrication system, 300 
Steam turbine oil 
  oxidation stability, 798 
  rust-preventing characteristics, 830 
Steel 
  cooling behavior, wetting process  impact, 594-595, 597 
  cooling curve analysis, standards,  606-607 
  cooling curve data acquisition and analysis, 595-598 
  cooling time and rate parameters, 597, 599 
  corrosivity, aviation fuels, 102 
  film boiling, factors influencing, 594, 596 
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  hardenability, 589-591 
    measurement, 591-593 
  hardening capability, 599 
  shock film boiling, 599-602 
  transformation, 587-589 
  wetting kinetics, 593-596 
Steel quenching 
  acoustical measurements, 600-602 
  bath maintenance, 607-608 
  process analysis example, 626-629 
Steric stabilization, 204-205 
Stoichiometry, aerospace fuels, 734-735, 738-739 
Storage stability 
  aerospace fuels, 732 
  aviation fuels, 102 
  diesel fuel, 127-128 
  distillate fuel, 817-818 
  gear lubricants, 460 
  low temperature, 329 
Stormer viscometer, 868 
Strainers, diesel fuel system, 163-164 
Stribeck curve, 945-946, 949, 1022-1023 
Styrene-diene polymers, 225 
Subsurface region, 964-965 
Sulfur content, 19, 28-29 
  ASTM D 4814, 82 
  diesel fuel, 134 
  crude oil, 6 
  fuel oils, 762 
  gear lubricants, 457 
  impact on base oil chemistry, 176- 177 
  LPG, 49 
  marine petroleum fuels, 151 
  petroleum coke, 775 
  petroleum gas, 194-195 
  petroleum pitch, 768 
Sulfur recovery, 26-27 
Super critical fluid chromatography, hydrocarbon analysis, 
659-660 

Surface analysis, methods, 950-951 
Surface conformity, 914-916 
Surface distress testing 
  other types, 976-978 
  under incipient sliding, 974-975 
Surface energy, 922 
Surface fatigue, impact of oil attributes, 972, 974 
Surface film region, 963-964 
Surface films, 919, 921-923 
Surface roughness, 911-913 
  data analysis, 913-916 
Surface tension, aerospace fuels, 738 
Surface wax, 549, 551 
Synchronizer SSP 180 test, gear lubricants, 459 
Synthetic basestocks, compressor lubricants, 392 
Synthetic ester fluids, for turbines,  309-311 
Synthetic fluids, metalworking and  machining fluids, 503-
504 

Synthetic hydrocarbons, 185-196 
  analytical test methods, 192 
  basestocks, 185-186 
  boiling range, 195 
  butylene and butadiene production, 190-192 
  C-4 product, characterization, 193-194 
  ethylene, 186-190, 192 
  propylene, 190, 192-193 
  standards, 195-196 
Synthetic lubricants, 249-264 
  alkylated cyclopentanes, 260 
  biodegradability, 263 
  classes, 249 
  cyclohexane derivatives, 260 
  environmental acceptability, 262-263 
  FDA incidental food contact approval, 263 
  lubrication, 261-262 
  perfluoroalkyl ethers, 259 
  polyalkylene glycols, 252-256 
  polyalphaolefins, 257-258 
  polyphenyl ethers, 259-260 
  raw materials, 249-250 
  relative cost, 263 
  silicones, 258-259 
  standards, 263-264 
Synthetic waxes, 525 
System operational envelope, refrigeration lubricants, 427 
 
            T 
Tag Open cup, 693 
TAME, 17 
Tankage, gas turbine fuel system, 165 
Tapping torque test, 1030 
Temkin isotherm, 953-954 
Temperature, kinematic viscosity relationship, 854-856 
Temperature gradient method, 623, 625 
Temperature gradient quenchant analysis, 623-629 
Terminology, 1038-1041 
Terrestrial toxicity tests, 903 
Test stand aging 
  hydrolysis stability, 287-289 
  oxidation stability, 282-284 
Thermal and oxidation test, gear lubricants, 458 
Thermal conductivity 
  compressor lubricants, 408-409 
  gasoline, 84 
  mineral oil heat transfer fluids, 581 
Thermal cracking reaction mechanism, ethylene, 188 
Thermal expansion, petroleum coke, 777 
Thermal oxidation stability, aviation turbine fuels, 815-816 
Thermal stability 
  aerospace fuels, 745-746 
  diesel fuel, 126 
  diesters, 251 
  hydraulic oils, 799-800, 830 
  mineral oil heat transfer fluids, 579-580 
  polyolesters, 251 
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  turbine lubricating oils and hydraulic fluids, 339 
Thermodynamic properties, 750 
  static gases, 749-750 
Thermo oxidation engine oil simulation test, 808-812 
Thickening efficiency, 225-226 
Thin film oxygen uptake test, 807-809 
Three-terminal resistivity cell, 343 
Thrust washer tester, 1030-1031 
Timken extreme pressure test machine, 1030-1031 
  lubricating greases, 457, 566 
Tool wear, metal removal fluids, 507-509 
TOST test, 315 
Total base number, detergents, 208-209 
Total wax content, petroleum waxes, 552 
Toxicity 
  acute tests, 894, 901-902 
  chronic tests, 894 
  complex mixture, environmental characteristics, 900-901 
  marine petroleum fuels, 154 
Trace metal contents 
  limits, gas turbine fuels, 141-142 
  petroleum coke, 775 
  turbine lubricating oils and hydraulic fluids, 343 
Traction, within performance maps, 968, 970 
Traction coefficient, 970-972 
Traction test plots, 980 
Tractor fluids, 374 
Tractor hydraulic fluids, performance testing, 240-241 
Transformation processes, environmental characteristics, 
889 

Transition metals, as both oxidation promoters and 
inhibitors, 793, 795 

Transmission fluids, 477-478 
  frictional properties, 212-213 
  performance tests, 239 
  standards, 489-490 
Transport processes, environmental characteristics, 888-889 
Triaryl phosphates, for turbines, 310, 312 
Tribochemical wear, 933 
Tribochemistry, lubricated wear contact, 949 
Tribological aspect number, 1024-1025 
Tribological features, microscopic examination, 991-992 
Tribological processes, scuff progression, 993-996 
Tribology 
  definition, 909 
  history, 1017 
  systematic 
    dynamic mechanisms, 963-965 
    gear lubrication, 988-996 
    hydrodynamic film region, 963 
    impact of oil attributes on surface fatigue, 972, 974 
    lubrication regions, thermal considerations, 970 
    micro-pitting results, 977, 979 
    multi-dimensional oil characterization, 968-969 
    near-surface region, 964 
    oil-off testing, 982-983 

    parameters controlling lubrication and failure  
mechanisms, 965-966 

    performance maps, generalized, 987-988 
    subsurface region, 964-965 
    surface distress testing, 974-976 
      under gross sliding, 975-977 
      under incipient sliding, 974-975 
    surface film region, 963-964 
    testing for adhesive wear, 979-982 
    traction coefficient, 970-972 
    WAM test machine technology, 967-968 
Tribology test systems, 1017-1018 
  component test design, 1021 
  designing, 1018-1020 
  duration, 1023 
  economic comparison, 1018 
  load, 1022 
  materials, 1023 
  parameter selection, 1021-1024 
  selecting, 1020-1021, 1024-1025 
  special atmospheres, 1023 
  special testing, 1024 
  speed, 1022-1023 
  temperature, 1021-1022 
  test fluids, 1023-1024 
Tribo-system, see Tribology, systematic t-test, 1058-1059 
TTT diagrams, 589 
Turbine lubricating oils and hydraulic fluids, 297-349 
  acid number, 329, 331 
  additives, 312-323 
    antifoams, 321-323 
    antioxidants, 312-318 
    antiwear and extreme-pressure, 319-321 
    rust and corrosion inhibitors, 318-320 
  air release, 332-334 
  basestocks, 305-312 
    hydrocarbon oils, 305-306 
    hydrocracked/hydrotreated, 307- 308 
    polyalphaolefins, 308-309 
    solvent-refined types, 306-307 
    synthetic ester fluids, 309-311 
    triaryl phosphates, 310, 312 
  chlorine content, 334 
  classification, 323-324 
  cleanliness, 341-343 
  compatibility with system materials, 343-346 
  density, 332 
  duty cycle, 304 
  effect of maintenance, 304 
  fire-resistance tests, 334-337 
  fire-resistant, 301, 311 
  foaming, 332-334 
  function, 300 
  future trends, 349 
  hot surface tests, 335 
  hydrolytic stability, 339-340 
  importance of system cleanliness, 346-347 
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  low temperature storage stability,  329 
  lubrication performance, 341-342 
  maintenance, 347-348 
  oil types, 305 
  operating environment, 300-305 
  oxidation 
    characteristics, 797-798 
    stability, 801 
    standards, 822 
  oxidative stability, 338-339 
  performance requirements, 326-328 
  performance testing, 241-242 
  pour point, 329 
  resistance to shear in a diesel-injector nozzle, 340 
  rusting and corrosion behavior, 340-341 
  shear stability, 340 
  sonic shear, 340 
  spray ignition tests, 334-336 
  stability testing, 317, 400-401 
  standards, 323-326 
  thermal/oxidative stress, 303 
  thermal stability, 339 
  top-up rates, 304 
  trace metals, 343 
  viscosity, 326-330 
  volatility, 346 
  volume resistivity, 343-345 
  water content, 331-332 
  water separability, 335-336, 338 
  wick tests, 335, 337 
Turbine oil system, in service monitoring, 798-802 
Turbines 
  gas, 298-299 
  steam, 297-298 
  system cleanliness, 346-347 
  water, 298-299 
  wind, 299 
Turbofan combustion system, 97 
 
            U 
Ultraviolet spectroscopy 
  Beer's law, 661 
  hydrocarbon analysis, 661-662 
  principles, 660-661 
  standards, 662 
Unique process line, 750-752 
Used oils, wear metals, 707-709 
 
            V 
Vacuum gas oils, 4 
Vacuum potstill method, 696-697 
Vacuum resid, 4 
Vanadium content, 152-153, 775 
Vane pump wear test, 362-363 
Vapor control systems, 64-65 
Vapor-liquid ratio, 78, 703 
Vapor lock temperature, 79 

Vapor pressure, 697-704 
  automatic method, 701 
  crude oils, 702 
  environmental characteristics, 888 
  evacuated chamber method, 703 
  gasoline, 699, 701 
  gasoline-oxygenate blends, 699, 701 
  liquified petroleum gas, 40-42, 703-704 
  mini-method, 701-702 
  mini-method-atmospheric, 702 
  Reid method, 698-700 
  triple-expansion method, 702-703 
  vapor-liquid ratio 
Vegetable waxes, 525 
Vehicle emission standards, history, 63 
Vickers pump stand, 1035 
Visbreaking, 20-21 
Viscometer geometries, 835-836 
Viscosity, 500-501 
  absolute, water, 863-864 
  adhesives, 870-872 
  aerospace fuels, 737 
  apparent, lubricating greases, 562- 563 
  automotive lubricants, 475-476 
  bituminous materials, 870-872 
  bubble tubes, 868 
  coatings, 867 
  diesel fuel, 121 
  diesters, 251 
  dip cups, 867-868 
  environmentally friendly oils, 273, 289-290 
  falling needle, 868-869 
  fuel oils, 760-761 
  gas/liquid mixtures under pressure, 408 
  gasoline, 84-85 
  greases, 479-480 
  hydraulic fluids, 359-360 
  jet fuel, 94 
  loss 
    due to polymer degradation, 228-230 
    shear-related, 225, 227-228 
  marine petroleum fuels, 148-149 
  mineral oil heat transfer fluids, 579, 582-583 
  paints, 867 
  petroleum pitch, 764-765 
  petroleum waxes, 546-547 
  plastics, 869-870 
  polymer quenchants, 617-618 
  polyolesters, 251 
  refrigeration lubricants, 420-422 
  rubber, 872 
  standards, 864-867, 872-875 
  temperature measurement considerations, 866-867 
  tests, 237 
  turbine lubricating oils and hydraulic fluids, 326-330 
  visualization, 835 
  see also Kinematic viscosity 
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Viscosity control, diesel fuel system, 164 
Viscosity index, 856-863 
  calculation, 858-863 
  gear lubricants, 457 
  pressure considerations, 859, 862- 863 
Viscosity index improvers, hydraulic fluids, 371-372 
Viscosity modifiers, 223-224, 235 
Viscosity-pressure coefficient, effect of base oil 
composition, 180-181 

Volatile matter, petroleum coke, 774-775 
Volatility, 675-705 
  aerospace fuels, 736-737 
  automotive lubricants, 471 
  aviation fuels, 98-101 
  class specifications, ASTM D 4814, 82 
  crude oil distillation, 696-698 
  diesel fuel, 120-121 
  diesters, 251 
  distillation, 675-682 
  environmental characteristics, 896, 900 
  flammability, 682, 690-696 
  gasoline, 78-80 
  polyolesters, 251 
  standards, 704-705 
  turbine lubricating oils and hydraulic fluids, 346 

vapor pressure, 697-704 
Volatility residue, LPG, 42 
Volume correction factors, liquefied petroleum gas, 50-51 
Volume resistivity, turbine lubricating oils and hydraulic 
fluids, 343-345 

 
            W 
Walther equation, 917 
WAM configuration, optical EHD film thickness 
measurement, 984-985 

WAM high speed load capacity test method, engine oils, 
1010 

WAM test machine technology, 967-968 
Waste heat economizers, diesel fuel system, 165 
Water, absolute viscosity, 863-864 
Water-absorbing cartridges, 108 
Water-based, metalworking and machining fluids, 501-503 
Water content 
  aerospace fuels, 746-747 
  compressor lubricants, 397 
  dissolved in propane, phase behavior, 43-44 
  gear lubricants, 457 
  hydraulic fluids, 363, 365 
  LPG, 42-49 
  marine petroleum fuels, 151 
   
 
 
 
 
 
 

mineral oil heat transfer fluids, 583 
  polymer quenchants, 617 
  quench oils, 610-611 
  turbine lubricating oils and hydraulic fluids, 331-332 
Water separability, turbine lubricating oils and hydraulic 
fluids, 335-336, 338 

Water solubility, environmental characteristics, 887 
Water spray-off, lubricating greases, 568 
Water tolerance, ASTM D 4814, 83 
Water turbines, 298-299 
Water washout, lubricating greases, 568 
Wax appearance point, 881-882 
Waxy crude oil, 527-528 
Wear 
  combinations of cavitation/erosion/corrosion wear, 932-

933 
  debris analysis, 939-941 
  mechanisms, 923, 927-931 
  standards, 1035-1037 
  testing, 938-941 
  within performance maps, 968, 970 
Wear contact, material structure, 916-925 
Wear maps, 942-945 
Wear material, surfaces, 949 
Wear metals, used oils, 707-709 
Wear preventive characteristics, lubricating greases, 567 
Wear protection, hydraulic fluids, 359-364 
Wear reduction, heat of adsorption, 954 
Wear surfaces, 911-913 
Weathering, liquified petroleum gas, 42 
Weighted bottle sampler, 640-641 
Wheel bearing grease life, 566 
Wheel bearings, grease leakage, 565 
Wick tests, turbine lubricating oils and hydraulic fluids, 
335, 337 

Wind turbines, 299 
Wolf Strip Oxidation Test, compressor lubricants, 401 
World Wide Fuel Charter, 137 
Worms, toxicity tests, 903-904 
 
             X 
X-ray fluorescence spectrometry, elemental analysis, 713 
 
             Y 
Yellow metal corrosion, 221 
 
             Z 
Zinc dialkyldithiophosphate, 314 
  oxidation inhibition, 794 
  sludge formation, 356-357 
 


