
Contents

Preface — V

1 Overview and Introduction to Industrial Inorganic Processes

2 Sulfuric Acid Production, Uses, Derivatives-----
2.1 Introduction-----3
2.2 Sulfur sourcing-----3
2.3 Sulfuric acid, methods of production-----4
2.4 Sulfuric acid, annual volume of production -
2.5 Sulfuric acid uses-----5
2.6 Derivatives-----6
2.6.1 Sulfur dioxide-----6
2.6.2 Sulfur trioxide-----6
2.6.3 Hydrogen sulfide gas-----6
2.6.4 Sodium sulfide-----7
2.6.5 Carbon disulfide-----7
2.6.6 Sulfur chlorides-----8
2.6.7 Thionyl chloride-----8
2.6.8 Sulfuryl chloride-----9
2.6.9 Chlorosulfonic acid (or, chlorosulfuric acid)
2.6.10 Sodium thiosulfate-----10
2.6.11 Ammonium thiosulfate-----10
2.6.12 Sodium dithionite-----11
2.6.13 Sodium hydroxymethylsulfinate-----11
2.6.14 Sodium hydrosulfide-----12
2.7 Recycling-----12

3 Industrial Gases, Isolation, and Uses —15
3.1 Introduction-----15
3.2 Uses-----15
3.2.1 Oxygen-----15
3.2.2 Nitrogen-----16
3.2.3 Argon-----17
3.2.4 Carbon Dioxide-----17
3.2.5 Hydrogen-----18
3.2.6 Helium-----19
3.2.7 Neon-----20
3.2.8 Krypton-----20
3.2.9 Xenon-----21
3.3 Recycling-----21



Vlil Contents

4
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

5
5.1
5.2
5.3
5.4
5.5
5.6

6
6.1
6.2
6.2.1
6.2.2
6.3
6.4
6.5
6.6

7
7.1
7.2
7.2.1
7.2.2 
7.3
7.3.1
7.3.2
7.3.3
7.3.4
7.3.5
7.3.6 
7.4

Nitrogen-Based Inorganic Compounds — 23
Introduction-----23
Ammonia-----23
Ammonium nitrate-----24
Nitric acid-----25
Urea-----27
Ammonium sulfate-----27
Hydrazine-----28
Nitrogen Pollution-----28
Recycling-----29

Fertilizers — 31
Introduction-----31
Nitrogen based-----32
Phosphorus based-----32
Potassium-containing-----33
Mixed Fertilizers and the NPK Rating System-----34
Recycling and Re-use-----35

Calcium and Limestone-Based Products — 37
Introduction-----37
Lime-----38
Lime production-----38
Lime uses-----39
Sodium Carbonate (or: Soda Ash)-----39
Calcium chloride-----41
Limestone-based construction materials-----41
Recycling-----42

Sodium Chloride----- 43
Introduction-----43
Sodium Chloride Recovery and Production-----43
Production and Recovery Methods-----43
Direct Uses for Salt-----44
Major Chemicals Produced from Salt-----45
Sodium hydroxide-----45
Sodium metal and chlorine-----47
Hydrochloric acid-----48
Titanium dioxide---- 50
Sodium chlorate---- 50
Sodium silicate-----51
Recycling and Re-use-----52



Contents IX

8 Fluorine, Fluorite, and Fluorine-Based Materials — 53
8.1 Introduction-----53
8.2 Calcium fluoride production-----54
8.3 Fluorine Isolation----- 55
8.4 Metspar and acidspar-----56
8.5 Hydrofluoric acid-----56
8.6 Teflon-----57
8.7 Perfluorooctanoic Acid-----58
8.8 Fluorine-containing fibers------59
8.9 Teflon and Fluorine-containing Fiber Uses-----59
8.10 Recycling and Re-use-----60

9 Borderline Inorganics-Organics---- 61
9.1 Introduction-----61
9.2 Carbon Black (or: Channel Black, Colloidal Black, Furnace Black, and

Thermal Black)-----61
9.2.1 Carbon Black Production----- 61
9.2.2 Carbon Black Uses-----62
9.2.3 Carbon Black, Recycling, and Re-Use-----62
9.3 Sodium tri-poly-phosphate------63
9.3.1 STPP Production-----63
9.3.2 STPP Uses-----64
9.3.3 STPP Recycling and Re-use------65
9.4 Borax and Borates-----65
9.4.1 Borax Production-----65
9.4.2 Borax Uses-----66
9.4.3 Borax Re-use and Recycling---- 66
9.5 Asphalt-----67
9.5.1 Asphalt Source Materials, Formulas, and Production-----67
9.5.2 Asphalt Uses-----67
9.5.3 Asphalt Re-Use and Recycling-----68

10 Water------ 71
10.1 Introduction and Sources----- 71
10.2 Purification-----71
10.2.1 Desalination-----71
10.2.2 Sewage Treatment----- 75
10.2.3 Water Conservation-----76
10.3 High purity, uses----- 77
10.4 Uses, residential----- 77
10.5 Uses, industrial-----77
10.6 Recycling — 78



X — Contents

11 Iron and Steel — 79
11.1 Introduction-----79
11.2 Ore Sources-----79
11.3 Current iron production-----80
11.4 Steel production----- 83
11.5 Uses of Iron and Steel----- 83
11.6 By-product Production----- 85
11.7 Recycling-----86

12 Aluminum----- 89
12.1 Introduction and History-----89
12.2 Bauxite sources------89
12.3 Aluminum Production Methods-----90
12.3.1 Alumina production----- 90
12.3.2 Aluminum Refining----- 91
12.4 Major industrial uses------92
12.5 Lightweight alloys----- 93
12.6 By-products-----94
12.7 Recycling------94

13 Copper----- 97
13.1 Introduction-----97
13.2 Ore sources-----98
13.3 Production methods-----99
13.4 Major industrial uses------101
13.4.1 Wiring----- 101
13.4.2 Piping----- 101
13.4.3 Coinage----- 102
13.5 Brass------103
13.6 Bronze-----104
13.7 Other copper alloys----- 105
13.8 By-products-----105
13.9 Recycling and Re-Use------106

14 Other Major metals for industrial use —
14.1 Titanium----- 109
14.1.1 Sources----- 109
14.1.2 Titanium Dioxide Production-----110
14.1.3 Uses----- 111
14.1.4 Recycling----- 111
14.2 Chromium------ 112
14.2.1 Chromium sources —112



14.2.2 Uses of chromium---- 112
14.2.3 Recycling-----114
14.3 Mercury-----114
14.3.1 Sources of mercury-----114
14.3.2 Uses of mercury-----115
14.3.3 Recycling of mercury-----115
14.4 Gold-----116
14.4.1 Sources of gold-----116
14.4.2 Uses of gold-----119
14.4.3 Recycling-----120
14.5 Silver-----121
14.5.1 Silver Production-----121
14.5.2 Silver Uses-----123
14.5.3 Recycling-----124
14.6 Lead-----124
14.6.1 Lead sources----- 124
14.6.2 Lead extraction chemistry----- 125
14.6.3 Lead Uses------127
14.6.4 Lead recycling-----127
14.7 Tin-----127
14.7.1 Tin Sources----- 127
14.7.2 Tin Production-----129
14.7.3 Tin Uses-----129
14.7.4 Tin Recycling-----129
14.8 Platinum Group Metals (PGM)-----130
14.8.1 PGM Sources----- 130
14.8.2 PGM Production-----131
14.8.3 PGM Uses----- 132
14.8.4 PGM Recycling-----133
14.9 Technetium----- 134
14.9.1 Technetium Sources and Production-----134
14.9.2 Technetium Uses---- 134
14.9.3 Technetium Recycling and Re-Use-----135
14.10 Tantalum and niobium-----135
14.10.1 Tantalum and Niobium Sources-----135
14.10.2 Tantalum and Niobium Production-----136
14.10.3 Tantalum and Niobium Uses----- 138
14.10.4 Tantalum and Niobium Recycling-----138
14.11 Amalgams----- 138

15 Rare Earth Elements —141
15.1 Introduction-------141



XII — Contents

15.2 Isolation and production-----141
15.3 Rare Earth Element Purification-----145

15.3.1 Yttrium isolation-----146
15.3.2 Isolation of Rare Earth Elemental Metals-----

15.4 Rare Earth Element Uses-----147
15.4.1 Alloys-----147
15.4.2 Magnets-----148
15.4.3 Batteries-----149
15.4.4 Catalysts-----149
15.4.5 Petroleum Refining-----149
15.4.6 Polishing Materials-----149
15.4.7 Glasses and Glass Mixes-----149
15.4.8 Ceramics-----150
15.5 Recycling-----150

16 Uranium and Thorium-----151
16.1 Introduction-----151
16.2 Sources-----151
16.3 Purification-----153
16.3.1 Uranium Purification-----153
16.3.2 Thorium Purification —154
16.4 Uranium and Thorium Uses-----155
16.4.1 Uranium Uses-----155
16.4.2 Thorium Uses-----155
16.5 By-products-----156
16.6 Recycling and Re-use-----157

17 Silicon-----159
17.1 Introduction-----159
17.2 Sources-----159
17.3 Purification-----160
17.3.1 Metallurgical grade silicon-----160
17.3.2 Semiconductor grade silicon-----161
17.3.3 Single crystal high-purity silicon-----161
17.4 Uses-----162
17.5 Silicones and Organo-silicon materials —

17.5.1 Silicone Production-----164
17.5.2 Silicone Uses-----164
17.6 Silanes-----165
17.7 Semiconductors-----166
17.8 Recycling-----166



Contents XIII

18 Lightweight Materials —169
18.1 Introduction-----169
18.2 Lightweight alloys----- 169
18.2.1 Aluminum alloys----- 169
18.2.2 Metal foams-----171
18.2.3 Titanium alloys----- 171
18.2.4 Magnesium alloys----- 172
18.2.5 Beryllium and beryllium alloys-----174
18.3 Aerogels----- 175
18.3.1 Silica-based aerogels------176
18.3.2 Zirconia-based aerogels-----177
18.3.3 Titania-based aerogels-----177
18.3.4 Aerogel uses-----177
18.4 Metal-Organic Frameworks (MOFs)-----177
18.4.1 Synthesis of MOFs----- 178
18.4.2 Uses of MOFs-----178
18.5 Zeolites-----179
18.6 Fullerenes-----180
18.6.1 Fullerene Synthesis----- 180
18.6.2 Fullerene Uses----- 181
18.7 Recycling and Re-use —181

19 Ceramics----- 183
19.1 Introduction-----183
19.2 Production-----184
19.2.1 Syntheses-----184
19.2.2 Tailoring properties of ceramics-----185
19.3 Applications and End uses-----186
19.4 Recycling and Re-use------ 187

20 Hard Materials----- 189
20.1 Introduction-----189
20.2 Diamond-----189
20.2.1 Introduction-----189
20.2.2 Diamond Synthesis----- 190
20.3 Silicon Carbide----- 190
20.4 Boron and carbon nitrides 191
20.5 Metal borides------192
20.6 Recycling-----192

Index-----195


