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Disclaimer

Every effort has been made to ensure that the information contained within this paper is accurate and reliable.
However, neither B&A or the author shall not be liable in any way for loss or damage resulting from use of this
information or for violation of any federal, state, or municipal regulation with which it may conflict.

This B&A technical paper represents the opinion of the author. Its use does not preclude anyone, whether he has
adopted procedures from the paper or not, from manufacturing, marketing, purchasing, or using products, processes,
or procedures not in conformance with the procedures recommended in this paper. Nothing contained in this B&A
technical paper is to be construed as granting any right, by implication or otherwise, to manufacture, sell, or use in
connection with any method, apparatus, or product covered by Letters Patent, or as indemnifying or protecting
anyone against liability for infringement of Letters Patent. This paper represents the thoughts and opinions of the
author and should in no way be interpreted as a restriction on the use of better procedures or materials. Neither is
this technical paper intended to apply in all cases relating to the subject. Unpredictable circumstances may negate
the usefulness of this technical paper in specific instances. Neither B&A or the author assumes no responsibility for
the interpretation or use of this technical paper by other parties.

Users of this B&A technical paper are responsible for reviewing appropriate health, safety, environmental, and
regulatory documents and for determining their applicability in relation to this technical paper prior to its use. This
B&A technical paper may not necessarily address all potential health and safety problems or environmental hazards
associated with the use of materials, equipment, and/or operations detailed or referred to within this technical paper.
Users of this B&A technical paper are also responsible for establishing appropriate health, safety, and environmental
protection practices, in consultation with appropriate regulatory authorities if necessary, to achieve compliance with
any existing applicable regulatory requirements prior to the use of the information contained within this technical
paper.

CAUTIONARY NOTICE: B&A technical papers are subject to periodic review, and may be revised or withdrawn
at any time without prior notice. B&A requires that action be taken to reaffirm, revise, or withdraw this technical
paper no later than five years from the date of initial publication. The user is cautioned to obtain the latest edition.
Purchasers of B&A technical papers may receive current information on all technical papers and other B&A
publications by contacting Bushman & Associates, Inc. At 6395 Kennard Road, Medina, OH 44256 USA Phone:
330-769-3694.

This paper is protected by copyright of Bushman & Associates, Inc. A single printout of this paper may be used by
the individual who downloaded the document from B&A’s website and shall not be further duplicated in any form
for distribution, training, publication or for any use other than the edification of the individual who downloaded the
document.
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Faraday's Law states the 96,486.7 Coulombs (equal to one Faraday) of charge transfer will
oxidize or reduce One Gram Equivalent Weight of the material involved in the electrochemical
reaction. Faraday developed the number of coulombs in what we today call a "FARADAY" by
dividing Avogadro's Number (6.023 x 10 which equals the number of atoms of any specific
atom whose weight equals its gram atomic weight) by the number of electrons in one coulomb (a
coulomb is that amount of electrical charge equal to the charge carried by 6.24 x 10'® electrons):

6.023x10% Atoms | Gram Atomic Weight . 96,486.7Coulombs
6.24x10" Electrons | Coulomb a Faraday

Faraday’s Law is used to determine the corrosion rate of any species of material in "weight lost
(or gained) per ampere of current flow per unit time". For example, if we want to know how'
many kilograms of Iron (Fe) will be corroded (oxidized) by a direct current discharge from the
metal's surface into the surrounding electrolyte at a current flow' of one ampere for one year, the
calculation steps are as follows:

60 Seconds y 60 Minutes y 24 Hours y 365Days _ 31,536,000 Seconds

Minute Hour Day Year Year

By definition, 1 Coulomb = Ampere-Second ... and ... 1 Ampere =1 Coulomb/Second

Therefore, if one ampere of current flows for one year, we calculate:

31,536,000 Seconds y 1Coulomb - 31,536,000 Coulombs

Year Second Year

Since one coulomb will corrode (oxidize) one gram equivalent weight of Iron (Fe), we can divide
the number of coulombs transferred in one year for a one ampere current flow by the number of
coulombs that will corrode one gram equivalent weight of Iron (Fe) and:

31,536,000 Coulombs | Year _ 326.9gram equivalent weights transferred
96,486 Coulombs | Gram year
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The gram equivalent weight of Iron can be calculated as follows:

GramAtomicWeight
No.ofElectronsTransferred | FeAtomCorroded

GramEquivalentWeight(Fe) =

55.85Grams(Fe)
2(Fe —> Fe™ +2¢)

_ 27.93Grams
GramEquivalentWeight(F e)

The final calculation to obtain the Faradaic consumption rate of iron (and approximately that for
ordinary low carbon steels) is as follows:

27.93Grams (Fe) " 326.9 Gram Eq.Wt.Transferred (Fe) ~ 2,130 Grams (Fe)

Gram Eq.Wt. Ampere — Year Ampere — Year

and

9,130 Grams (Fe) y 1Kg 5 2.2 Pounds _ 20.1Pounds Iron
Ampere—Year  Gram Kg ~ Ampere —Year

As shown above, 20.08 pounds of Iron will corrode (oxidize) each year for each ampere of
positive (+) current flowing from the Iron (Fe) surface into the surrounding electrolyte. Using
the above information, it is then a simple matter of (1) converting the density of steel to weight
per unit square area per mil of thickness, (2) calculating how much metal weight will be
corroded each year for the measured I.or, and (3) converting this to mils of penetration per year
based on the environmental conditions that existed at the time of the test.
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