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Acid cleaning, 323 
Acids, 203, 220 
Active-passive regions, 203 
Alloy 625, 136 
Aluminum (See also Galvanic couples) 

anodes, 186 
atmospheric corrosion, 161 
automobile trim, 249 
coatings, 35 

Ammeter, zero resistance, 203 
Anodes, sacrificial, 53, 178, 323 
Anodic reaction, 15, 53 
ASTM standards 

A 262:239 
A 475:284 
D 1141:311 
D 1248:184 
F 519:36 
G 1:162 
G 5:120 
G 15: 178, 260 
G 28:240 
G Sl: 196 
G 57: 182, 196 
G 78:240 

Automobile components, 249 

BASIC programming language, 53 
Bimetallic joints, 323 
Boundary-element modeling, 79, 98 
Bumpers, electroplated, 249 

C 

Cadmium coatings, 35 
Carbon dioxide, 260 
Cathodic polarization, 53 

Cathodic protection 
modeling by numerical analysis, 79, 96 
of navy ships, 291 
in power plant condensers, 301,310 
in seawater systems, 53 
in soils, 178 
of telephone cable plant, 291 

Cathodic reaction, 16 
Cladding 

aluminum, 35 
cadmium, 35 
chromium, 163 

CLIMAT test, 161 
Coatings (See Cladding; Paint blistering) 
Computer modeling and prediction (See also 

Mathematical modeling and predic- 
tion) 

BASIC programming language, 53 
boundary-element modeling, 79 
COSMIC/NASTRAN program, 133 
finite-element modeling, 79, 136, 188 
general discussion, 96 
MARC program, 136 
in seawater systems, 53 
WECAN program, 136 

Condensers, power plant, 53, 301,310 
Cooling systems, 53, 249, 323 
Copper alloys, 53, 136 

galvanic effect on aluminum, 162 
Muntz metal, 136, 301 
tubesheets, 301 

Corrosion, galvanic (See also Galvanic cou- 
ples; Hydrogen embrittlement; Steels) 

in acids, 203,220 
atmospheric, 161,298 
on automobiles, 249 
cathodic control methods, 53, 79, 96, 178 
causes, 299 
computer modeling and prediction, 53, 79, 

96, 133, 136, 188 
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356 GALVANIC CORROSION 

Corrosion, galvanic (cont.) 
in condensers, power plant, 53, 301, 310 
in cooling systems, 53, 249, 323 
corrosion products, 23 
in desalination plants, 323 
designing for, 174 
electrochemical theory (^ee also Galvanic 

couples; Ionic currents), 5, 16, 80, 178 
in evaporators, 323 
of fasteners, dissimilar metal, 249 
of flash chambers, 323 
in gas production, 260 
in heat exchangers, 53, 79, 136, 297, 323 
marine, 53, 96, 291 
mathematical modeling and prediction, 5, 

11, 118, 136 
of offshore structures, 107 
in oil and gas production, 260 
in oxidizing solutions, 203 
of pipes and piping systems, 53, 107, 178, 

293 
potential, 203 
of pumps, 297, 323 
in seawater, 53, 136, 260, 301, 310, 323 
of ships, 53, 96, 291 
in soils, 178, 193 
of telephone cable plant, 283 
testing 

atmospheric corrosion of bare metals, 
161 

of cladded steel, 35 
condensers, simulated, 301 
wire-on-bolt, 161 

tube-tubesheet, 53, 79, 136, 301, 323 
tubing, 53, 136, 301, 310, 323 
underground, 178, 283 
of valves, 174, 296 
of waterboxes, 323 

Corrosion prevention (See Cladding; Corro­
sion, galvanic; Paint blistering) 

Corrosion products, 23 
dielectric properties, table, 25 

COSMIC/NASTRAN computer program, 
133 

Coupling (See Galvanic couples; Galvanic 
series) 

Crevice corrosion, 23, 310, 323 
Crude oil, 260 
Cupronickel, 323 
Current density mapping, 118, 136 

E 

Electric fields, 53, 118 
Electrode potential, 53 
Electroplated bumpers, 249 
Evaporators, 323 

Fasteners, dissimilar metal, 249 
Finite-element analysis, 79, 98, 118, 136 
Flash chambers, 323 

Galvanic corrosion (See Corrosion, galvanic) 
Galvanic couples (See also Galvanic series) 

aluminum-steel, 35, 162, 249 
cadmium-steel, 35 
chromium-steel, 249 
copper-nickel-Muntz metal, 136 
iron-copper, 118 
Monel-copper-nickel, 136 
nickel-aluminum-bronze-Alloy 625, 136 
in oxidizing solutions, 203 
titanium-nickel-aluminum-bronze, 136 
zinc-copper-nickel, 136 
zinc-steel, 193, 249, 288 

Galvanic series, table, 17, 180 
Galvanized steel, 162, 249 
Gas production, 260 
Graphite 

galvanic effect on aluminum, 162 
in oxidizing solutions, 203 

H 

Heat exchangers, 53, 79, 136, 297, 323 
Heyrovsky's reaction, 19 
Hydrogen embrittlement, 35, 193, 260, 310 
Hydrogen evolution, 5 
Hydrogen stress cracking, 35, 193, 260, 310 
Hydrogen sulfide, 260 

I-L 

Impressed current protection, 53, 310 
Ionic currents, 118 
Joints, bimetallic (See also Galvanic couples), 

323 
Lead, 162 

D 

Deaeration, 323 
Desalination plants, 323 
Designing for corrosion control, 174 

M 

Magnesium anodes, 178 
MARC computer program, 136 
Marine propulsion, 53 
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Marine systems, 53, 96, 291 
Mathematical modeling and prediction (See 

also Computer modeling and predic­
tion) 

electrochemical theory, 5 
nonlinear polarization, 118 
Wagner numeric analysis, 11, 151 

Metal oxides, 23 
Metal sulfides, 23 
Metallic corrosion (See Corrosion, galvanic; 

Galvanic couples; Hydrogen embrittle-
ment) 

Metals (See under specific metals; See also 
Galvanic couples) 

energy required to convert from ore, table, 
179 

galvanic series, tables, 17, 180 
hydrogen evolution on, table, 20 
on navy ships, 291 
soil resistivity and temperature effects on, 

193 
standard potentials, table, 17 

Mixed potentials, 5 
Monel, 136, 162 
Muntz metal, 136, 301 

N 

Nickel alloys 
ALLCORR, 235 
Hastelloy, 203, 235 
Inconel, 235 
Monel, 136, 162 
in oil and gas production, 260 
in seawater systems, 53 
welded dissimilar, 235, 310 

Ni-resist, 323 
Nonlinear polarization, 118 
Numerical analysis (See Computer modeling 

and prediction; Mathematical model­
ing and prediction) 

O 

Offshore structures, 107 
Oil and gas production, 260 
One-dimensional flow, 53 
Oxidizing solutions, 203 
Oxygen reduction, 5 

Paint blistering, 249 
Pipes and piping systems, 339-351 

metal, 53, 107, 178, 293 
plastic, 53 

Pitting, 23, 323 
Polarization curves 

iron-copper, illus., 126 
oxidizing solutions, 203 

Polarization parameter, 11 
Potential distribution, 118, 136 
Primary current, 136 
Probes, vibrating, 118 
Protection, cathodic (See Cathodic protec­

tion) 
Pumps, 297, 323 

Radioactive waste, 235 
Rectifiers, 184 

Scanning vibrating electrodes, 118 
SEA-CURE (UNS S44660) condenser tubing, 

310 
Seawater systems, 260, 

cathodic protection in, 53 
condensers, 301, 310 
desalination plants, 323 
distribution of galvanic corrosion in, 53 
oil and gas production, 260 
tube-tubesheet galvanic corrosion, 136 

Secondary current, 136 
Semiconductor oxides, 23 
Semiconductor theory of corrosion, 23 
Ship hulls, corrosion in, 53, 96, 292 
Ships, naval, 291 
Simulated testing (See also Computer model­

ing and prediction), 301 
Simulation, computer (See Computer model­

ing and prediction) 
Soils, 178, 193 
Solution resistivity, 136 
Steam condensers, 53, 301, 310 
Steels 

austenitic stainless, 203, 220 
chromium content, galvanic effects of, 220 
chromium plated, 162 
in desalination plants, 323 
duplex Fe-Cr-10%Ni alloys, 203, 220 
Ferralium, 203 
ferrite, 220 
ferritic stainless tubing, 310 
galvanized, 162, 249 
high-strength 4340, 35 
hydrogen evolution on, table, 20 
low alloy, 35 
mild, galvanic influence on aluminum, 162 
in oil and gas production, 260 
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Steels (cont.) 
stainless tubing, 136, 301 
Type 301 stainless, 193 
Type 304 stainless, 162 
Type 316 stainless, 277 
Type 410 stainless, 276 

Stress cracking, 35, 193, 260, 310 

U-V 

Underground corrosion, 178, 283 
Valve engineering, 174, 296 
Volmer's reaction, 19 

Tafel equations, 7, 203 
Tafel's reaction, 19 
Telephone cable plant, 283 
Tertiary current, 136 
Testing, simulated {See also Computer mod­

eling and prediction), 301 
Three-dimensional electric fields, 118 
Titanium alloys, 53, 136, 203, 301, 323 
Trim, automotive, 249 
Tube-tubesheet galvanic corrosion, 53, 79, 

136, 301, 323 
Tubing, 53, 136, 301, 310, 323 

W 

Wagner number analysis, 11, 151 
Waterboxes, 323 
WECAN computer program, 136 
Welded dissimilar nickel alloys, 235 
Wire-on-bolt test, 161 

Zero-resistance ammeter, 203 
Zinc anodes, 53, 136, 186 




