Chapter 10

Materials of Construction and
Corrosion Control

1.0 APPROACH TO MATERIALS SELECTION 10-6
2.0 PLANT EXPOSURES 10-7
3.0 EXPOSURE CONDITIONS 10-7
3.1 Submerged and Immersion Conditions 10-9
3.2 Submergence in Raw or Unaerated Wastewater 10-10
3.3 Submergence in Aerated or Chlorinated Wastewater 10-11
3.4 Splash Zone Continuous or Intermittent Submerged Exposure 10-11
3.5 Chemical Environments 10-11
3.6 Moist Atmosphere 10-12
3.7 Outside Atmosphere 10-13
3.8 Interior Dry Atmosphere 10-14
3.9 Hydrogen Sulfide 10-15
3.10 Carbon Dioxide 10-16
3.11 Marine Conditions 10-16
3.12 Coastal Conditions 10-17
3.13 Anoxic Conditions 10-17
3.14 Anaerobic Conditions 10-17
3.15 Soil 10-17
4.0 COMMON FORMS OF CORROSION 10-18
4.1 Uniform Corrosion 10-19
4.2 Pitting Corrosion 10-20
4.3 Crevice Corrosion 10-20
4.4 Galvanic Corrosion 10-20
4.5 Erosion—Corrosion 10-20
4.6 Cavitation 10-20
4.7 Fretting 10-20
4.8 Selective Leaching 10-20
4.9 Dealloying Corrosion 10-21
4.10 Carbonation of Concrete 10-21
4.11 Cracking Phenomena 10-21

4.12 Embrittlement 10-21



5.0

6.0

4.13 Flexure
4.14 Heat
4.15 Microbiologically Influenced Corrosion
4.16 Plastic Deformation
4.17 UV Deterioration of Plastics and Coatings
DESIGN CONSIDERATIONS
5.1 Deterioration Control
5.1.1 Change of Materials
5.1.2 Change of Environment
5.1.3 Barrier Films
5.1.4 Electrochemical Techniques
5.2 Alteration of Corrosive Environment
5.2.1 Remove Material from Environment
5.2.2 Change Process Parameters
5.2.3 Add Corrosion-Inhibiting Chemicals
5.2.4 Reduce Corrosion Constituents
5.3 Selection of Materials
5.4 New Materials Considerations
5.5 Geometric Considerations
5.6 Fire-Protection Regulations/Toxic and Hazardous Chemicals
5.6.1 Fire-Protection Regulations
5.6.2 Toxic and Hazardous Chemicals
5.7 Cathodic Protection
5.8 Protective Coatings
5.9 Useful Life of Plant Facilities
MATERIALS SELECTION FOR DESIGN OF UNIT PROCESSES
6.1 Preliminary Treatment
6.1.1 Screens
6.1.2 Grit Removal
6.1.3 Flow Equalization
6.2 Primary Treatment
6.2.1 Settling Tanks
6.2.2 Dissolved-Air Flotation
6.3 Suspended-Growth Biological Treatment
6.4 Attached-Growth Biological Treatment
6.4.1 Trickling Filters
6.4.2 Rotating Biological Contactors
6.5 Natural Systems

10-21
10-22
10-22
10-22
10-22
10-23
10-23
10-23
10-23
10-23
10-23
10-23
10-23
10-24
10-24
10-24
10-24
10-24
10-26
10-28
10-36
10-36
10-36
10-36
10-36
10-37
10-37
10-37
10-38
10-38
10-39
10-39
10-40
10-40
10-41
10-41
10-42
10-43



6.5.1 Wastewater Ponds
6.5.2 Constructed Wetlands
6.6 Disinfection and Dechlorination
6.6.1 Chlorine
6.6.2 Ozone
6.6.3 Sulfur Dioxide
6.6.4 Sodium Metabisulfite
6.6.5 Miscellaneous Electrotechnology Processes
6.7 Advanced Wastewater Treatment Processes
6.7.1 Coagulation
6.7.2 Sedimentation
6.7.3 Filtration
6.7.4 Adsorption
6.7.5 Air Stripping
6.8 Solids Handling and Treatment
6.9 Storage
6.10 Solids Processing
6.10.1 Grinders
6.10.2 Degritting Equipment
6.10.3 Screening
6.11 Solids Pumping
6.11.1 Piston Pumps
6.11.2 Centrifugal Pumps
6.12 Solids Conveyance
6.13 Solids Thickening
6.13.1 Gravity Thickeners
6.13.2 Gravity-Belt Thickeners
6.13.3 Flotation Thickeners
6.13.4 Other Thickening Methods
6.14 Solids Dewatering
6.14.1 Belt-Filter Press
6.14.2 Centrifuges
6.14.3 Plate and Frame Presses
6.14.4 Other Dewatering Devices
6.15 Solids Stabilization
6.15.1 Aerobic Digesters
6.15.2 Thermophilic Aerobic Digesters
6.15.3 Anaerobic Digesters
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6.15.4 Mesophillic Digestion
6.15.5 Thermophilic Digestion
6.15.6 Digester Tanks

6.15.7 Mixing Systems

6.15.8 Gas-Mixing Systems

6.16 Gas Collection, Storage, and Distribution

6.17 Thermal Processing

6.17.1 Thermal Conditioning and Wet-Air Oxidation
6.17.2 Thermal Drying

6.17.2.1 Flash Dryers

6.17.2.2 Rotary Dryers

6.17.2.3 Indirect Dryers

6.17.2.4 Miscellaneous Dryers

6.18 Thermal Destruction

6.18.1 Multiple-Hearth Furnace
6.18.2 Rabble Arms and Teeth
6.18.3 Fluid-Bed Furnace

6.18.4 Refractory and Insulation

6.19 Effluent Discharge

7.0 MATERIALS SELECTION FOR DESIGN OF PLANT SUPPORT SYSTEMS

7.1

7.2

6.19.1 Pumps

6.19.2 Piping

6.19.3 Freshwater Outfalls
6.19.4 Marine Outfalls

6.19.5 Storage Tanks

6.19.6 Land-Sprinkling Systems
6.19.7 Building-Reuse Systems

Structural Systems

7.1.1 Concrete

7.1.2 Grout

7.1.3 Reinforcing Steel

7.1.4 Fiber-Reinforced Concrete
7.1.5 Miscellaneous Metal Materials
Heating, Ventilating, and Air-Conditioning Systems
7.2.1 Air-Handling Units

7.2.2 Terminal Heating Equipment
7.2.3 Fans and Blowers

7.2.4 Duct Work
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8.0

7.2.5 Piping
7.2.6 Boilers
7.3 Electrical Systems
7.3.1 Conduits and Enclosures
7.3.2 Signal Cables
7.4 Instrumentation
7.4.1 Panels/Enclosures
7.4.2 Panel-Mounted Devices
7.4.3 Field Instruments
7.5 Odor-Control Facilities
7.6 Chemical-Feed and -Distribution Facilities
MATERIALS PROPERTIES AND APPLICATIONS
8.1 Concrete
8.2 Masonry
8.2.1 Brick Masonry
8.2.2 Concrete Unit Masonry
8.3 Pre-Stressed Concrete
8.4 Metals
8.4.1 Aluminum
8.4.2 Aluminum Oxide
8.4.3 Brass
8.4.4 Bronze
8.4.5 Cadmium
8.4.6 Carbon Steel
8.4.7 Cast Iron
8.4.8 Chromium
8.4.9 Copper
8.4.10 Copper-Nickel Alloys
8.4.11 Ductile Iron
8.4.12 Gold
8.4.13 Nickel Alloys
8.4.14 Inconel 625 (Special Metals Corporation)
8.4.15 Hastelloy C (Haynes International)
8.4.16 Ni-Hard
8.4.17 Lead
8.4.18 Platinum
8.4.19 Silver
8.4.20 Stainless Steel
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9.0

10.0

8.4.21 Tantalum
8.4.22 Titanium
8.4.23 Tungsten Carbide
8.4.24 Stellite
8.4.25 Zinc
8.5 Plastics
8.5.1 Polyvinyl Chloride
8.5.2 Chlorinated Polyvinyl Chloride
8.5.3 Polyethylene
8.5.4 Polypropylene
8.5.5 Polyurethane
8.5.6 Polytetrafluoroethylene
8.5.7 Polyvinylidene Fluoride
8.5.8 Carbon Black
8.5.9 Fiberglass-Reinforced Plastic
8.6 Rubber and Elastomers
8.6.1 Buna-N (Nitrile Butadiene)
8.6.2 Hypalon (Chlorosulphonated Polyethylene)
8.6.3 Ethylene Propylene Diene Monomer
8.6.4 Neoprene (Chloroprene)
8.6.5 Natural Rubber
8.7 Geosynthetics
8.8 Glass
8.9 Wood
PROTECTIVE COATINGS
9.1 Generic Types
9.2 Thermosetting Coatings
9.3 Coating Selection
9.4 Surface Preparation
9.4.1 Atmospheric Conditions and Temperatures
9.4.2 Safety Precautions
9.5 Use of Paint for Identification and Safety
CATHODIC PROTECTION
10.1 Theory
10.2 Practical Application of Cathodic Protection
10.3 Types of Cathodic-Protection Systems
10.3.1 Galvanic Anodes

10.3.2 Impressed-Current Systems
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10.4 Criteria for Materials Protection
11.0 DESIGN STANDARDS AND REVIEW
11.1 Conditional Assessment
11.2 Facilities Design
11.3 Construction Testing and Equipment Identification
12.0 MAINTENANCE PROCEDURES
13.0 REFERENCES
14.0 SUGGESTED READINGS
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