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Avogadro’s #: 6.023 x 1023 atoms/mol. Electronic charge: e = -1.602 x 10-19 C 

Boltzmann’s constant: k = 1.38 x 10-23 J/atom-K = 8.62 x 10-5 eV/atom-K

Planck’s constant: h = 6.625 x 10-34 J-s Bohr Magneton: mB = 9.27 x 10-24 A-m2

Gas Constant: R = 8.31 J/mol-K = 1.987 cal/mol-K
Gravitational constant: g = 9.81 m/s2 Faraday Constant: F = 96,487 C/mol

Useful constants:
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Useful constants and tabels:

whereas those at the bottom are most anodic; no voltages are provided. Compari-
son of the standard emf and the galvanic series reveals a high degree of corre-
spondence between the relative positions of the pure base metals.

Most metals and alloys are subject to oxidation or corrosion to one degree or
another in a wide variety of environments; that is, they are more stable in an ionic
state than as metals. In thermodynamic terms, there is a net decrease in free energy
in going from metallic to oxidized states. Consequently, essentially all metals occur
in nature as compounds—for example, oxides, hydroxides, carbonates, silicates, sul-
fides, and sulfates. Two notable exceptions are the noble metals gold and platinum.
For them, oxidation in most environments is not favorable, and, therefore, they may
exist in nature in the metallic state.

17.3 CORROSION RATES
The half-cell potentials listed in Table 17.1 are thermodynamic parameters that
relate to systems at equilibrium. For example, for the discussions pertaining to
Figures 17.2 and 17.3, it was tacitly assumed that there was no current flow through
the external circuit. Real corroding systems are not at equilibrium; there will be a
flow of electrons from anode to cathode (corresponding to the short-circuiting of
the electrochemical cells in Figures 17.2 and 17.3), which means that the half-cell
potential parameters (Table 17.1) cannot be applied.

Furthermore, these half-cell potentials represent the magnitude of a driving force,
or the tendency for the occurrence of the particular half-cell reaction. However,

682 • Chapter 17 / Corrosion and Degradation of Materials

Table 17.2 The Galvanic Series

Platinum
Gold
Graphite
Titanium
Silver
316 Stainless steel (passive)
304 Stainless steel (passive)
Inconel (80Ni–13Cr–7Fe) (passive)
Nickel (passive)
Monel (70Ni–30Cu)

Increasingly inert (cathodic) Copper–nickel alloys
Bronzes (Cu–Sn alloys)
Copper
Brasses (Cu–Zn alloys)
Inconel (active)
Nickel (active)
Tin
Lead

Increasingly active (anodic) 316 Stainless steel (active)
304 Stainless steel (active)
Cast iron
Iron and steel
Aluminum alloys
Cadmium
Commercially pure aluminum
Zinc
Magnesium and magnesium alloys

Source: M. G. Fontana, Corrosion Engineering, 3rd edition. Copyright
1986 by McGraw-Hill Book Company. Reprinted with permission.
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EXAMPLE PROBLEM 12.1

Computation of Minimum Cation-to-Anion Radius Ratio for
a Coordination Number of 3

Show that the minimum cation-to-anion radius ratio for the coordination num-
ber 3 is 0.155.

Solution
For this coordination, the small cation is surrounded by three anions to form
an equilateral triangle as shown here, triangle ABC; the centers of all four
ions are coplanar.

This boils down to a relatively simple plane trigonometry problem. Con-
sideration of the right triangle APO makes it clear that the side lengths are
related to the anion and cation radii rA and rC as

and

AO ! rA " rC

AP ! rA

Cation

Anion

rA

rC

!

B
O
C

A
P
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Table 12.3 Ionic Radii for Several Cations and Anions 
(for a Coordination Number of 6)

Ionic Radius Ionic Radius
Cation (nm) Anion (nm)

Al3" 0.053 Br# 0.196
Ba2" 0.136 Cl# 0.181
Ca2" 0.100 F# 0.133
Cs" 0.170 I# 0.220
Fe2" 0.077 O2# 0.140
Fe3" 0.069 S2# 0.184
K" 0.138
Mg2" 0.072
Mn2" 0.067
Na" 0.102
Ni2" 0.069
Si4" 0.040
Ti4" 0.061
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