Contents

1 Energy: An OVerVIEW ......ouiiiiiiiit i e
L1 INtrodUCHION . ...
1.2 Renewable ENergy SOUICES .......ouiiiiiiie ettt e e eeaaas
1.3 Geothermal ... ...ooiiiiiii e
O a1 B 017
L5 Solar Bnergy ......oonniii i e
1.6 PhotovoltaiC CellS . .....uuue e
1.7 Photogalvanic CellS ..........oouuiiiuiiiii i
O v 0 T B 270 TS5 2
LR = 7 V0] 0007
1.10 Ocean Thermal .........oooiiiiiiiiiiii i e e,
LT Wave Bnergy ittt
112 OSMOLIC POWET ..ot
Further Reading ......oouuuiiiiiiiii e e e e riieee e

2 SOl FUES ...
220 R 1316 (e 16 L (o3 o) s NP S
2.2 Wood and Charcoal ..........ooiiiiiiiiiii i e
2.3 PRAL .o
2.4 C0al e s
2.5 Analysis 0f Coal......uiiiii s
2.6 ASTM Classification .....oiiiiiii et e e e e e et e eeeee e eeeieeaaaaes
2T ASN
2.8 Coaland Its EnVironment ......... ...t
2.9  Fluidized Bed CombUSTION . .....uu e aeeaees
12200 L I o] <=t
Further Reading .......oouuiiiiiii e

3 Crude Oll ... ..o
3.1 IntrodUCtion ... ...
3.2 Barly HiStOry .ottt e e e e e e
3.3 World Production of Crude Oil ...... ...
3.4 Crude Oil PrOCESSING . ...oovnnitiittte ettt e aaaaees
3.5 Petroleum Products ........coooiiiiiiiiiii i
3.6 Synthetic Ol ... e
Further Reading ......oouuuiiiiiiiii e e et eiieeee s

0 = =

11
13
14
15
16
16
18
19
22

25
25
28
28
29
29
30
31
33
35
35
38

41
41
41
43
46
46
49
55

Xiii



Xiv

4

Contents

Liquid Fuels ..o e s 57
4.1 INETOAUCTION Lt ettt e e aans 57
42 DiIesel ENGINE ....oooii ittt e 57
43 Diesel Fuel ... oo 58
4.4 TIgnition Temperature, Flash Point, Fire Point, and Smoke Point...................... 61
4.5 The Spark Ignition Internal Combustion Engine ..............cccooviiiiiiiiiiennn.n.. 62
4.6 Gasoline Fuel ... ... s 63
477 Grading GasOliNe ......oovuuuutieiiii et 64
Further Reading ... ... e 70
Alternate Fuels .............ooo 71
T B (15 (oo L1 o] 1o ) APt 71
5.2 PIOPANE . ..ottt ettt 71
5.3 MeEthanOl ... .. e, 74
5.4 Bthanol ........oiiiiiii i e e 78
Further Reading .........oiiiiiii e 82
Gaseous Fuels ....... ... 85
(S0 S 658 (oo 11 o1 10 o 85
0.2 NAUTAL GAS ...ttt e, 85
6.3 INAtUral Gas USeS ..uuuie ittt ittt e, 89
6.4 Natural Gas as a Fuel ....... ... e 90
6.5  Other Carbon-Based Fuel Gases .............ooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaas 92
6.6 EXPlosion LImits ...o..uueeeiii i 93
6.7  HydIOZEN ..ttt e 93
6.8 Methods of Preparation of Hy .......ooooiiiiiii i 94
6.8.1  EIECIIOLYSIS ¢ uveeteti ettt 94

6.8.2 Thermal Methods ..., 96

6.8.3  INAUTAl GaS ...ttt ettt 97

6.8.4 Thermal-Nuclear-Electrical ...............coiiiiiiiiii i, 97

6.8.5  PhotOEleCtrOlYSIS .. uvenutenteint et 98

6.9  Transportation and Storage of Hp .....ooouiiiiiiiiiii i 98
L LT - (1 100
6.11 Helium ..o s 101
Further Reading .......oouuuiiiiiii e e eiee e 102
Nuclear ENergy ... ..o e 105
T. 1 INtrodUCHION . ... e s 105
7.2 Basis Theory of Nuclear Energy ..........ccooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiene 105
7.3 Nuclear Model and Nuclear Reactions ...............ooiiiiiiiiiiiiiiiiiiiiiiiiiiiaans 110
7.4 Radioactive Decay Rates .......ooiuuiiiiiiii i e 111
7.5  Radioactivity Units ........oointitiit e 113
7.6 NUCIEAr REACIOTS ...\t eeeees 114
7.7  The Hazards of Nuclear ENergy ........coooiiuiiiiiiiiiiiiiiiiie it eeeaans 120
T.8  NUCIEAr WSl .ottt ettt ettt ettt 124
7.9  NUclear FUSION ... s 126
78 LN 11 070421 o 128
Further Reading ...... ..o 129
Lubrication and Lubricants ................... 131
8.1  An Introduction to Tribology ......coviiiiiiiii i e 131

8.2  GaseoUS LuUbDIICANLS . .....oitiit ittt 131



Contents

10

XV

8.3 Liquid LubriCants .........oouiiiiiiit ettt 133
8.3.1 Journal Bearings ........coviuuuiiiiiiiiii i e 133

8.3.2  Thrust Bearings .........couiviuiiiiiiiiiii e 135

8.3.3  SHider Bearings .....coouuuueiiiiii i e 135

8.3.4  Ball Bearings . vvveeiiiite ettt e 136

8.4  Extreme Pressure LUbrication .........ovvuiiiiiiiiiiieiiiiiii i eeaiaees 137
L0 T ) 138
8.0 DMl AdItIVES .. .eet ittt et et e e e e 138
8.7 Synthetic LUubIiCants ...........otiiiii i e 140
E TR N 1) § 16 B B0 1) 5 (o7 11 - 141
LIRS € (T N P 143
Further Reading ......oouuiiiiiiiiii e e et e eiieeeens 144
Electrochemistry, Batteries, and Fuel Cells..............................oiiiiiii... 145
0.1 INErOAUCHION . ettt e et e e e et e e e e e e e e e 145
LS8 10 11 145
9.3  Electrolysis and Electrodeposition of Metals ...........ccooiiiiiiiiiiiiiiiiiiinennnnn, 148
9.4  Electrochemical Machining ...........oouuiiiiiiiiiiiit i eaas 150
9.4.1 The Cathode ......vuiiiii e 150

9.4.2 The EIeCtrolyte ........c.oiiiiiiiii i 151

LS T 1 1< ¢ o T (o 154
9.6  Batteries and Cells .......o.uuiiiiiiii i e 157
9.6.1 Primary Batteries ......oouuiiiiiii i e 157

9.6.2 Secondary Batteries ......oovvuuiiiiiiiiiiiiiiii e 160

0.7 FUCL CellS ..ttt e, 163
0.8 HyDIId CellS . nnneiie et 165
9.9 Electric VEhiCle .....coiuiiii i e 167
Further Reading .......oouuuiiiiiiiii e et reieee e ns 172
L 000) 3 073 1) 1 175
020 SO 515 o L1 T 5 ) U 175
10.2  Factors Affecting the Rate of Corrosion ...........ooouueiiiiiiiiiiiiiieiiiiie... 176
10.3  Types Of COITOSION ..c.nuutttnttt ettt e ettt et e e e aaee e 179
10.3.1  Uniform COITOSION ... v vtteeetesittteee et e eaaieeeeeeeanaaiaaeeens 179

10.3.2  Bimetallic COTTOSION «..ov'uttttteeee et et e e e e eaeaas 179

10.3.3  Crevice COTTOSION .ttt ettt et e e e e e e e e eeaaaaas 180

10.3.4  Pitting COTTOSION . tuuettte ettt e ettt et e e e e 180

10.3.5 Grain Boundary CoOrroSion ........evvuuiiteeiiiiieeeiiiiieeeeiiiieeeeannnns 182

10.3.6  Layer COTTOSION ...uuuttttt ettt eetee et et et et e e eaieeeeaaaaens 182

10.3.7  Stress Corrosion Cracking ..........ceeevviiiiiiiiiieeeiiiiiiiiieeeeannnns 182

10.3.8  Cavitation COTITOSION ... .\uuuteettteeet et e e e e e e eaaaaas 183

10.3.9 Hydrogen Embrittlement ... 184

10.4  AtmOSPheric COITOSION ... ...ttt et e e 184
10.5  Corrosion in SOil.....oo.ueintiii e 185
10.6 AQUEOUS COTTOSION .. uuutttttte ettt ettt ettt e e e e et e e e e eaeeeeeeaanaaens 185
10.7  Corrosion Protection and Inhibition ... 186
10.8  Corrosion in Boiler Steam and Condensate .............cooveeiiiiiiiiiiiieneeaannnnns 187
109 Cathodic ProteCtion .....o..ueeeteitt et et e e e e e e e aaieeeeaaes 188

Further Reading ......ooeuiiiiiiiii e e e e e e eieeeens 189



Xvi Contents

11 Polymers and PIastics ..........c.oooiiiiiiiiii i 191
I1.1 0 INrOAUCHION .ottt et et et e e e 191
11.2 Molecular Weight .......uueiiiiii it e e 191
11.3 0 COPOLYIMETS ..ottt e e 194
11.4  Classification of POlymers .........cuuiiiiiiiiiiiii i i eeeas 194

11.4.1  Addition POlymers ..........ooiiiiiiiiiiiiiie i eeeiiiaeee 195
11.4.2  Condensation POlymers ..........ooiuuiiiiiiiiiiiiiiiiiiiiii i eeeas 195
115 VInyl POLymers ..o e 196
11.5.1  Polyethylene ...........oooiiiiii e 197
11.5.2  POlypropylene ...........oouiiiuiiiiiiii e 197
11.5.3  Polyvinyl Chloride ..........oviiiiiiiie it eeeas 198
11.5.4  Polyvinylidene Chloride ............ooviiiiiiiiiiiiiiiiii e 198
11.5.5  POLYSEYIENE ..ottt e e 199
11.5.6  Polyacrylonitrile ...........cooiiiiiiiiiii i 199
11.5.7  Polymethyl Methacrylate ............c..cooiiiiiiiiiiiiiiiiiiii 199
11.5.8  Polyvinyl Acetate, Polyvinyl Alcohol ...............cooiiiiiiiiiiiiinnn 200
11.5.9  Polytetrafluoroethylene or Teflon............ccooiiiiiiiiiiiiiiii ... 200
11.6  Condensation POLYMETS .......ooiuuiuiiiiit it e eeaes 202
LT1.6.1  NYIOn ..o e 202
L1.6.2  POLYESIOI « ettt e ettt 202
11.6.3  Polycarbonates and EpoXides .........ccovviiiieiiiiiiiiiiiiieeenennnnnns 203
11.7  Thermosetting POLYMETS ........uiiiiitiii e e eeeaaeees 203
11.7.1  Phenol Formaldehyde (Bakelite) ...........cccoeiiiiiiiiiiiiiiiiiiiiinnn 204
11.7.2  Urea Formaldehyde ... 205
11.7.3  Polyurethane ............coooiiiniiiiiiiiiii e 205
11.8  Glass Transition TEMPETature ... .........oeiuuueeitee e aieaaiaenns 206
L B 2 N 103 10 3 3 N 208
11.10 Mechanical Strength of PIastiCs .......c.c.vviiiiiiiiiii i 211
11.11 Fire Retardants in Plastics ........coouiiiiiiiiiii i 213
Further Reading .........oiiiiiii e 216

12 Adhesives and Adhesion ............. .o i 219
12,1 INtrodUCHION .. .ueet ettt et e ettt et e e 219
12.2  Classification and Types of Adhesives ..........uviiiiiiiiiiiiiiiiiiiii i, 220
12.3 The Adhesive JOINt .....ounuunitt ittt e eaes 220
12.4  The Theory of the Adhesive Bond .............oooiiiiiiiiiiiiii e 223

12.4.1  Mechanical Interlocking ............ooouiiiiiiiiiiii i 223
12.4.2  Diffusion Theory .....ovviniiiiii i e eeeiieee e 223
12.4.3  Electrostatic TheOTY .....covviiiiitetiii e eiaiaeeeens 224
12,44 AdSOrption TheOTY .......uuiiiiiiii e e e 224
12.5 Chemistry of Selected AdRESIVES .......eviiniiiii i 225
Further Reading .........oiiiiii e 232

13 Paint and Coatings ...........ooouiiiiiiiiii 233
JUC TS B U113 (o a1 et 5 ) s KPR 233
13.2  Constituents of Paint and Coatings .............eeiiieiiiiiiiiiiiiiiiiie i, 233
13.3  BINAer ... e 233
L R ) 1< ¢ N 235
13,5 PIGMENL ...ttt e 236

13.6  Solvents: THINNETS .....oouuuiitt ittt ettt e eaens 237



Contents

14

15

Xvii

13.7 Water-Based Paints .........o.ooiiiiiiiiiii i e 238
13.8  Protective COALINES . ... v vttt ettt e ettt e e e e e aieeeeeeaaaaes 238
13.9  Surface Preparation ...........ooiiiiiiiiit i s 240
13.10 Specialized COAtINES . ... .eeetnntttteteat et e et e e e aeeeaaaaas 240
13.10.1 Formaldehyde ReSinS .......couuiiiiiiiiiiiit i e eeeiaaeens 240

13.11 Fire Retardant Paints ...........coiiiiiiiiii i 242
13.12 Antifouling Paints ........oooiiiiiiii e 242
Further Reading .........oooiiiiiii e 243
4 0] (0] 245
|0 B 012 (T L1 T 3 o) N N 245
14.2  Primary EXPLOSIVES . .oonttiitt ettt ettt et e 245
14.3  Secondary EXplOSIVES .....ouiiiiiiiit ettt et e 247
14.3.1  Chemical Stability .........ccoiiuiiiii i 247

14.3.2  Sensitivity to Ignition ..........oooiiiiiiiiiiiii e 247

14.3.3  Sensitivity to Detonation ..........c.ccoieiiiiiiiiiiiiiiiiii i, 249

14.3.4  Velocity of Detonation ..........ovviuuiiiiiiiiiiee e eiiiieeeenns 249

14.3.5  Explosive Strength ......cooiiiiiiii i e 249

144 Oxygen BalancCe .........oooooiiiiiiiiii i e 250
14.5 Modern EXPLOSIVES ...ttt ettt 250
14.5.1  NITOGLYCOIIN « . uueet ettt 251

14.5.2  Trinitrotoluene (TNT) ... e 251

14.5.3  Tetryl e e 251

14.5.4  Ammonium Nitrate, NHsNOs3 ..ot 252

T4.5.5  HEXOZOI .. ueieitii it et 252

14.6  APPLCALIONS ...ttt ettt e e et e e 253
14.6.1  Propellants ........oo.ueiiniiirtii e 254

14.6.2  PyYroteChNICS «uuittt ettt ettt e 254

14.6.3 MetalWorking ......couvviiii e 254

14.6.4  RIVEUNZ «.onetttiit ettt e e e ee e 256

147 Accidental EXPIOSIONS ....cooinnuntiittti ettt e 256
Further Reading .........ooiniiiii e 260
L 1) S 261
151 INtrodUCHION ...ttt e e e ettt e 261
15.2 Natural Water ........ooit i e e e 265
15.2.1  Turbidity . ..ot e e 265

15.2.2  C0l0T ottt e 266

1523 Odor and Taste ......couueinteiriein i 266

15.3  Water SteriliZation ........o.ueiiuniiiit it aee e 266
15.3.1 0 CRIOTING oot 266

1532 OZONE ..ttt e 267

15.4  INfECHIOUS AZENLS ... .utnttt ettt et e et et et e eaee s 268
15.5 Water Quality: Hardness .........o.eeeiuiiiiiiiii e 269
15.6  Water SOfteNINg .....uuuiiiiii ettt e 271
15.6.1  Ton EXchange ..........cooooiiiiiiiiiii i 271

15.6.2  ReEVErSe OSIMOSIS ... veeennntttttett ettt ettt e e eaeeenns 272

15.6.3  Electrocoagulation ...........oo.ueeiuiiiiiiii e 272

15.6.4  EleCtrodialySis . ..uuuureteeeeeeteiittee e e eeeeeiieee et eeeeiieeeeeeeennn 273



Xviii Contents

15.7 BoIler SCale ......ueiiiti e 274

I5.8  WaSIBWALET ..ottt ettt ettt ettt e e e et e e et 275
Further Reading .........ooiiiiiii i e e 277

16 Carbon-Based Polymers, Activated Carbons...................cooiiiiiiiiiiiiiiiinnnn... 279
O B 012 (T L1 3 o) NP N 279

16.2  Polymeric Carbon: Diamond .............oviiiiiiiiiiiiiiiiiiiiiie e eaaaans 279

16.3  Polymeric Carbon: Graphite ............oouiiiiiiiiiiiiiiiiii i eeeaas 280

164 Graphene ........o.uoiiiii e 281
16.4.1 Density of Graphene ............cooiiiiiiiiiiiiiiiiii e 283

16.4.2  Optical Transparency of Graphene .............cccvvvviiiiiiiiiiiiiiinneeennnn. 283

16.4.3  Strength of Graphene ...........cceviiiiiiiiiiiiii i eiiiieee s 283

16.4.4 Electrical Conductivity of Graphene ..............oooiiiiiiiiiiiiiiiiinnnn.. 284

16.4.5 Thermal Conductivity of Graphene ..................c.oocoiiiiiiiiii... 284

16.5 Activated CarbOomns .......oviiiiiiiiiit e, 284
Further Reading .........oiiiiiii e 290

17 Cement, Ceramics, and CompoOSItes ..............c.coiiiiiiiiiiiiiiiiiiiiiiiee i, 291
L0 B 12 (T LT & ) o RN 291

17.2  Cement NOMENCIALUTE . ....ootnnittt ettt ettt et e e e e e eaaaas 292

17.3 Manufacture of Portland Cement .............ccooiiiiiiiiiiiiiiiiiiiiieaeaees 292

174 Setting Of COMENL ...ouuttt ettt ettt et e e e e e e eaneeeeeannnns 293

R T 0] 1) ()P 295

17.6 CIaAMUICS .. uuueetntt ettt ettt et et e e e et et e e e 295
17.6.1  COMPOSILES .. vvveeeeeetet ettt ettt e et e e e e aaeeeeeenns 297

Further Reading ..... ..o e 300

18 Semiconductors and Nanotechnology ...................coiiiiiiiiiiiiiiii i, 303
18.1  SemiCONAUCLOLS . ... eenuttttttt ettt ettt et e e et e ereeeaas 303
18.1.1  INtroducCtion ..........eiuuieinutt ittt 303

18.2  The TrIOAE .. uueee ettt ettt ettt et e e e e eaaaes 303

183 APPHCALIONS ...ttt ettt ettt et 305

18.4  Optical EIfects ..ot 306

18.5 NANOtECHNOIOZY .. .uuettttt ettt et et e e et e e e e enaaeees 307
Further Reading .......oouuiiiiiiii e e 309

19 EPIlOgUE .. ..o 311
Further Reading ... ... e 312
Appendix A: Fundamental Constants and Units......................ooooiiiiiiiiiiiiiinnn, 313
Appendix B: ViSCOSItY ... ... e 317
Appendix C: Surface Chemistry ....... ..ot 325
Appendix D: Patents ....... ..ot e 337
Appendix E: EXperiments ........ ...t 343
EXPeriments 1 .... o ..o e 343
4 0155 4 1TSS 4110 S 350
4 0155 418153 410 S 351
L q 0155 4 1015 11 N 352

Q1S 010015 1 S 353



Contents Xix

2 q 1SS 018813 1 P 355
Q1S 03881 01 £ 356
EXPEriments 8 . ...ttt 361



2 Springer
http://www.springer.com/978-1-4614-4261-5

Applied Chemistry

& Textbook for Engineers and Technologists
Roussak, O.; Gesser, H.D.

2013, XXV, 372 p., Hardcowver

ISEM: 978-1-4614-4261-5



