Chapter 17

17.1 Introduction
A. Corrosion(deteriorative loss of a metal as a result of dissolution environmental reactions.

B. Ceramic materials are relatively resistant to deterioration, which usually occurs at elevated temperatures.

C. Degradation(a term used to denote the deteriorative processes that occur with polymeric materials.

1. May dissolve when exposed to a liquid solvent.

2. May absorb the solvent and swell.

3. Electromagnetic radiation (primarily ultraviolet) and heat may cause alteration in their molecular structure.

** Corrosion in Metals**
A. Corrosion(the destructive and unintentional attack of a metal.

1. It is electrochemical and ordinarily begins at the surface.

17.2 Electrochemical Considerations
1. Electrochemical(a chemical reaction in which there is transfer of electrons from one chemical species to another.

2. Oxidation(the removal of one or more electrons from an atom, ion, or molecule.

a. M(Mn+ + ne-
b. Anode(gives up electrons

3. Reduction(the addition of one or more electrons to an atom, ion, or molecule.

a. Mn+ + ne-(M

b. Cathode(accepts electrons.

4. Half-Reactions(the individual oxidation and reduction reactions.

a. There can be no net electrical charge accumulation from the electrons and ions.

A. Electrode Potentials
1. Galvanic Couple(two metals electrically connected in a liquid electrolyte wherein one metal becomes an anode and corrodes while the other acts as a cathode

2. Electrolyte(a solution through which and electric current may be carried by the motion of ions.

3. An electric potential or voltage will exist between the two cell halves, and its magnitude can be determined if a voltmeter is connected in the external circuit.

4. Standard Half-Cell(an electrochemical cell consisting of a pure metal immersed in a 1M aqueous solution of its ions, which is electrically coupled to the standard hydrogen electrode.

B. The Standard EMF Series
1. Standard Hydrogen Electrode(consists of an inert platinum electrode in a 1 M solution of H+ ions saturated with hydrogen gas that is bubbled through the solution at a pressure of 1 atm and a temperature of 25oC.

2. Electromotive Force (emf) Series(a ranking of metallic elements according to their standard electrochemical cell potentials.

a. Metals at top are noble, or chemically inert, where metals at bottom are more active, more susceptible to oxidation.

3. (Vo = Vo2 – Vo1
a. (+) (Vo(spontaneous reaction.

b. (-) (Vo(no reaction.

C. Influence of Concentration and Temperature on Cell Potential
1. Nerst Equation

a. (V = (Vo- (RT/nF)ln([oxidation]/[reduction])

R = 8.3451 J/mol K

n = number of electrons

F = 96,500 C/mol

b. At room temperature (T = 25oC)

(V = (Vo-(0.0592/n)log([anode]/[cathode])

D. The Galvanic Series(a ranking of metals and alloys as to their relative electrochemical reactivity in seawater.

1. Essentially all metals occur in nature as compounds.

a. Exceptions are gold and platinum because, for them, oxidation in most environments is not favorable, and, therefore, they may exist in nature in the metallic state.

17.3 Corrosion Rates
A. Corrosion Penetration Rate (CPR)(thickness loss of material per unit of time as a result of corrosion; usually in terms of mils per year or millimeters per year.

CPR = KW/(At

W = weight loss

( = density

A = exposed area

K = constant

t = time

B. r = i/nF

r = rate (mol/m2s)

i = current (Amps)

n =  number of electrons

F = 96,500 C/mol

17.5
Passivity(the loss of chemical reactivity, under particular environmental conditions, by some active metals and alloys.

A. Displayed by Chromium, Iron, Nickel, Titanium, and many of their alloys.

B. Passive behavior results from the formation of a highly adherent and very thin oxide film on the metal surface, which serves as a protective barrier to further corrosion.

17.6 Environmental Effects
A. In most instances, increasing fluid velocity enhances the rate of corrosion due to erosive effects.

B. The rates of most chemical reactions rise with increasing temperature.

C. Increasing the concentration of the corrosive species (H+ in acids) in many situations produces a more rapid rate of corrosion.

D. For materials capable of passivation, raising the corrosive content may result in an active-to-passive transition, with a considerable reduction in corrosion.

E. A cold-worked metal is more susceptible to corrosion than the same material in an annealed state.

17.7 Forms of Corrosion
A. Uniform Attack(a form of electrochemical corrosion that occurs with equivalent intensity over the entire exposed surface and often leaves behind a scale or deposit.

1. Oxidation and reduction reactions occur randomly over the surfaces.

2. Probable the most common form of corrosion.

3. Examples:

a. Rusting of steel and iron.

b. Tarnishing of silverware.

B. Galvanic Corrosion(occurs when two metals or alloys having different compositions are electrically coupled while exposed to an electrolyte.

1. The less noble or ore reactive metal in the particular environment will experience corrosion; the more inert metal, the cathode, will be protected from corrosion.

2. The Galvanic Series

a. When two alloys are coupled in seawater, the one lower in the series will experience corrosion.

b. Generally, the base metal is the same for alloys within the brackets, and there is little danger of corrosion if alloys within a single bracket are coupled.

3. The rate of galvanic attach depends on the relative anode-to-cathode surface areas that are exposed to the electrolyte.

a. The rate is related directly to the cathode-anode area ratio(for a given cathode area, a smaller anode will corrode more rapidly than a lager one.

b. Corrosion rate depends on current density.

i. A high current density results for the anode when its area is small relative to that of the cathode.

4. Reducing the effects of galvanic corrosion.

a. If coupling of dissimilar metals is necessary, choose two that are close together in the galvanic series.

b. Use an anode area as large as possible.

c. Electrically insulate dissimilar metals from each other.

d. Cathode Protection(electrons are supplied to the structure to be protected from an external source such as another more reactive metal or a DC power supply.

C. Crevice Corrosion(occurs within narrow crevices and under deposits of dirt or corrosion products.

1. Occurs where the solution becomes stagnant and there is localized depletion of dissolved oxygen.

2. The crevice must be wide enough for the solution to penetrate, yet narrow enough for stagnancy.

3. In many aqueous environments, the solution within the crevice has been found to develop high concentrations of H+ and Cl- ions, which are especially corrosive.

4. Many alloys that passivate are susceptible to crevice corrosion because protective films are often destroyed by the H+ and Cl- ions.

5. Crevice corrosion may be prevented by:

a. Using welded instead of riveted or bolted joints.

b. Using nonabsorbing gaskets when possible.

c. Removing accumulated deposits frequently.

d. Designing containment vessels to avoid stagnant areas and to ensure complete drainage.

D. Pitting(a form of very localized corrosion wherein small pits or holes form, usually in a vertical direction.

1. Pitting is an extremely insidious type of corrosion, often going undetected and with very little material loss until failure occurs.

2. Oxidation occurs within the pit itself, with complementary reduction at the surface.

3. Gravity causes the pits to grow downward, the solution at the pit tip becoming more concentrated and dense as pit growth progresses.

4. A pit may be initiated by a localized surface defect such as a scratch or a slight variation in composition.

5. Polished surfaces display a greater resistance to pitting corrosion.

E. Intergranular Corrosion(occurs preferentially along grain boundaries for some alloys and in specific environments.

1. The net result is that a macroscopic specimen disintegrates along its grain boundaries.

2. Especially prevalent in some stainless steels.

3. Weld Decay(intergranular corrosion that occurs in some welded stainless steels at regions adjacent to the weld.

4. Stainless steels may be protected from intergranular corrosion by:

a. Subjecting the sensitized material to a high-temperature heat treatment in which all the chromium carbide particles are redissolved.

b. Lowering the carbon content below 0.03% C so that carbide formation is minimal.

c. Alloying it with another metal such as niobium or titanium, which has a greater tendency to form carbides than does chromium so that the Cr remains in solid solution.

F. Selective Leaching(found in solid solution alloys and occurs when one element or constituent is preferentially removed as a consequence of corrosion processes.

G. Erosion-Corrosion(the combined action of chemical attach and mechanical abrasion or wear as a consequence of fluid motion.

1. Harmful to alloys that passivate by forming a protective surface film.

a. the abrasive action may erode the film and leave an exposed metal surface.

2. Relatively soft metals are sensitive to erosion-corrosion.

3. Identified by surface grooves and waves having contours that are characteristic of the flow of the fluid.

4. Influence on the corrosion

a. Increasing fluid velocity enhances the rate of corrosion.

b. A solution is more erosive when bubbles and suspended particulate solids are present.

5. Commonly found in piping in positions where the fluid changes direction or flow suddenly becomes turbulent.

a. Propellers, turbine blades, valves, and pumps are susceptible to erosion-corrosion.

6. Ways to reduce erosion-corrosion

a. eliminate fluid turbulence and impingement effects.

b. Removal of particulates and bubbles from the solution.

H. Stress Corrosion(a form of failure that results from the combined action of a tensile stress and a corrosion environment.

1. It occurs at lower stress levels than are required when the corrosion environment is absent.

2. Other ways stress corrosion occurs

a. From a residual stress that results from rapid temperature changes and uneven contraction.

b. In two phase alloys, each phase has a different coefficient of expansion

c. Gaseous and solid corrosion products that are entrapped internally cause internal stresses.

3. Reducing stress corrosion

a. Lower the magnitude of the stress

b. Reduce the external load

c. Increase the cross-sectional area perpendicular to the applied stress.

d. Heat treatment to anneal out any residual thermal stresses.

I. Hydrogen Embrittlement(the loss or reduction of ductility of a metal alloy (often steel) as a result of the diffusion of atomic hydrogen into the material.

1. A.K.A.

a. hydrogen-induced cracking

b. hydrogen stress cracking

2. In response to applied or residual tensile stresses, brittle fracture occurs catastrophically as cracks grow and rapidly propagate.

3. Hydrogen-induced cracks are most often transgranular, although intergranular fracture is sometimes observed.

4. Protection may lead to the initiation or enhancement of hydrogen embrittlement.

5. For hydrogen embrittlement to occur, a source of hydrogen must be present and the possibility for the formation of its atomic species.

a. Pickling of steels in sulfuric acid

i. Pickling(procedure used to remove surface oxide scale from steel pieces by dipping them in a vat of hot, dilute sulfuric or hydrochloric acid.

b. Electroplating

c. The presence of hydrogen-bearing atmospheres at elevated temperatures.

6. Reducing hydrogen embrittlement

a. reducing the tensile strength of the alloy via a heat treatment.

b. Removal of the source of hydrogen.

c. “Baking” the alloy at an elevated temperature to drive out any dissolved hydrogen.

d. Substitution of a more embrittlement resistant alloy.

17.8 Corrosion Environments
A. Atmosphere

B. Aqueous solutions

C. Soils

D. Acids

E. Bases

F. Inorganic solvents

G. Molten salts

H. Liquid metals

I. Human body

17.9 Corrosion Prevention
A. Techniques

1. Material selection

2. Environmental alteration

3. Design

4. Coatings

5. Cathodic Protection

B. Inhibitor(a chemical substance that, when added in relatively low concentrations, retards a chemical reaction.

1. Normally used in closed systems such as automobile radiators and steam boilers.

C. Cathodic Protection(a means of corrosion prevention whereby electrons are supplied to the structure to be protected from an external source such as another more reactive metal or a DC power supply.

1. Galvanic Couple( the metal to be protected is electrically connected to another metal that is more reactive in the particular environment.

a. Sacrificial Anode( an active metal or alloy that preferentially corrodes and protects another metal or alloy to which it is electrically coupled. Magnesium and zinc are commonly used.

2. DC power supply

a. The negative terminal of the power source is connected to the structure to be protected.

b. The other terminal is joined to an inert anode (often graphite) which is buried in the soil.

c. A current path exists between the cathode and anode through the soil.

3. Cathodic protection is used in preventing corrosion in water heaters, underground tanks and pipes, and marine equipment.

