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Abstract:

A literature survey was made on electrochemical corrosion as related
to aircraft fabrication materials. Electrochemical corrosion problems
and testing methods were emphasized in the literature survey. In
addition, the electromotive potentials of several aircraft materials
were determined and are presented.

Reference: Hooper, A. F., George, J. C., Keller, E. E.,
"Investigation of Electrochemical Corrosion
As Applied To Aircraft," General Dynamics/
Convair Report MP 58-425, Sen Diego, Californis,
9 April 1959. (Reference attached).
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INTRODUCTION:

films., The

alloy continues.

metal alloys.

OBJECT:

CONCLUSIONS:

mechanical action.

Corrosion denotes the destruction of a metal by chemical or electrochemical
action in contrasioto erosion vhich signifies the destruction of a metal by
Direct chemical corrosion attack on a metal inwolves a
reaction between a metel and othexr elemente or compounds.
chemical corrosion attack known is the oxidetion of metal to form oxide i
films., Certain metals and alloys oxidize to form continuous inherent thin
sion characteristics of these films are an intrinsic property
of the metal, ’Other metals and alloys oxidize to form heavy oxide films
which crack due to compressive stresses, and oxidation of the base metal
Some types of chemical corrosive action, such as the first
one mentionedaai:svi? are beneficial to the corrosion resistance of certain

4 3

The most common

Electrochemical corrosion is an oxidation-reduction reaction between adjacent
metal surface areas in an aqueous solution (the electrolyte). The basic re-
quirements are always: (1) differences in potential between adjacent areas

on a metal surface or surfaces to provide anodes and cathodes; (2) moisture
to provide an electrolyte; (3) a corroding agent to be reduced at the cathode,
and (&) electrical path in the metal for electron flow from anodes to
cathodes,” The above requirements are vasic for the electrochemical corrosion
reaction, but the mechanisms and corrosion rates are much more complex. The
fundamentals of mechanisms such as polarization, potential-pd relationships,
overvoltage, passivity, activity, etc., are not completely known. 1

There has been considerable progress in the development of new and better
corrosion resistance materials, in defining and extending the boundaries of
their usefulness, and in protecting materials from attack where their natural
resistance to an environment has not been adequate.
has been the result of empirical approaches.
oy fundamental studies of corrosion processes, so as to provide a more sub-
stantial basis for even further progress in new as well as old directions.

Most of this progress
Much remains to be discovered

To meke & literature survey in the field of electrochemical corrosion, and
to list areas in vwhich Convalr research work would be most beneficial.

To determine the solution potentials of various new metallic materials
currently used in alrcraft design.

1. Literature survey work indicates that areas in which research work would
be most beneficial include the following:
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CONCLUSIONS: (Continued)

(a) High temperature corrosion work.

(b) Electrochemical studies involving the fundamental mechanism
of polarization.

(c) Studies of inhibitors, activators, cleaners and pass1vator
using radioisotopes.

(d) Cathodic protection studies using an applied potential.

2. The solution potential of 7079-T% aluminum alloy was found to be slightly

anodic to the other high strength aluminum alloys. The solution potentials

of the other alloys were found to be nearly the same as the solution po=-
tentiak of alloys of similar chemical composition.

TEST PROCEDURE:

1. Literature Survey

A literature survey was made on electrochemical corrosion as related to
aircraft fabrication materials. Electrochemical corrosion problems and
testing methods were emphasized in the literature survey.

Severael locel aircraft companies were contacted to determine their posi-
tion and activity in the field of corrosion research work. In general,
questions were asked concerning the type of corrosion research work each
company was performing or plamming to perfomm in the near future.

2. Laboratory Test Work on Solution Potentials

The solution potentials of several metallic eircraft materials (Table I
were obtained on a voltmeter-potentiometer system as shown in Figure 1.
All of the metallic electrodes were solvent cleaned with methyl ethyl
ketone and aliphatic naphtha. The aluminum alloy electrode surfaces
were chemically cleaned with "Oakite }34 deosxidizer. The steel electrode
surfaces were chemically cleaned with 15¢. hydrochloricacid, and the zinc
electrode surfaces were chemically cleaned with a solution of 20% nitric
acid. The solution potentials of the above metallic maverials were ob-
tained in a standard electrolyte of £3 g. HeCl, and 3 g« HxCp per liter
of distilled water. The solution potentials were obtained at 77+ .5°F.
using e silver-silver chloride reference electrode.

FORM 10184




ANALYS!S l CONVALR PAGE 3

M1 LNt MSL OYNAUIES FORSORATIUN

PREPARED 8y A. F. Hooper SAN DIEGO REPORT NO. 1P-55-425
cHEcKED BY J. Co George MODEL IEA 7035
REVISED BY DATE 4-9-59

RESULTS & DISCUSSION:

1. Results of Literature Survey

The majority of corrosion reactions are electrochemical in nature; there-
fore, corrosion research has been concentrated in this field. The
literature material available in the field of electrochemical corrosion
covers & vast source of information, which could only be touched-upon
during this test program. The more recent reference material stresses
the need for studylng the basic fundamentals and mechanisms of electro-
chemical corrosion reactions.

Electrochemical corrosion occurs when a difference in potential exisis
from one point to another on the surface of a metal or between metals
in the presence of a corrosive solution (the electrolyte). Current
will flow through the solution from the point of high potential (the
anode) to a point of low potential (the cathode). The amount of metal
dissolved at the anode is proportional tc the guantity of current flow-
ing in the circuit. The effective differences in potential are equal
to the solution potential of the anode area minus that of the cathode
area, less the back potentials generated at both the anode and cathode
by the flow of the corrosion current.”» The resulting corrosion
mechanism is much more complex and varies due to many factors cormon
to the corrosive reaction.

One or a combinatio%of the following factors can influence or cause &
corrosive reaction.

A. Factors associated mainly with the metal.

1) Effective electrode potential of a metal in a solution.
2) Overvoltage of hydrogen on the metal.

3) Chemical and physical homogeneity of the metal surface.
I) Inherent ability to form an insoluble protective film.

B. Factors which vary mainly with the environment.

Hydrogen-ion activity (px) in the solution.

Specific nature, concentration, and distribution of the other
ions in solution.

Influence of oxygen in solution adjacent to the metal surface.

Rate of flow of the solution in contact with the metal surface.

Ability of enviromment to form e protective deposit on the metal.

Temperature.

Static or cyclic stresses.

Contact between dissimilar metals or other material as cffecting
localized corrosion.
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RESULTS & DISCUSSION: (Continued)

1.

Results of Literature Survey (Contd)

This list of influencing factors is not complete, nor have they been
listed according to their relative importance or influence on electro=
chemical corrosion reactions.

The relationships of the fundamentals and mechanisms of electrochemical
corrosion reactiongwhich are influenced by the above factors _negd to be
studied to determine the characteristics of corrosion rates.-”’ [’ *Isuch
electrochemical corrosion phenomena &s polarization, overvoltage, poten-
tlal-pH relationship, passivity, activity, etc., which give metals
certain corrosion charafﬁeristics should be stulied to determine their
fundamental mechanisms.

A research program could be developed to study t‘ﬁe:oasic fundamental
mechanisms of such a phenomenon as polarizetion.™’~”

Many types of electrochemical ccrrosion re%ctions are controlled by

anodic or cathodic polarization reactions.- The study of polarization
will necessitate a proper understanding of the overall corrosion reaction
and how reduction in corrosion can be accomplished most readily and
reliably. Knowing the fundameniel mechanisms of a polarization reaction
and the controlling factors can aid in e systematic solution to preventing
electrochemical corrosion reactions.

Aireraft desipgn necessitates the use of numerous metallic combinations
due to structural and weight requirements of an airframe. These
metallic combinations present undesirable corrosion conditioni wle%ch
must be stifled by the most feasible preventative methods. 3,17,

The present corrosion preventative methods used in aircrg.f& design are
not completely fool-proof and some corrosion does occur. -

Several aircraft companies on the West Coast were contacted to determine
their status in the field of corrosion research. None of the aircraft
companies had any plans for an orgenized research and development progran
in the corrosion field for the year of 1959, except North American
Aviation, Incorporated. Several of the aircraft companies did emphasize
the need for a research program in the field of electrochemical corrosion
on aircraft fevrication materials.

North American Aviation, Incorporated is presently planning a high tempera-
ture corrosion program for the year of 1959, This program will evaluate
several magnesium, sluminum, and high temperature alloy couples in the
temperature range of 450° to 800°F. This high temperature corrosion
program will also evaluate the effect of exotic fuels, finish systems,
chemical surface treatments and metal fasteners on these couples in the
above temperature range.
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RESULTS & DISCUSSION: (Continued)

2. Results of Laboratories Test Work on Solution Potentials

The solution potentials of several metallic aircraft fabricatlon materials
under consideration are tabulated in Table I. The results of solution
potential measurements on T7079-T6 aluminum alloy indicate that this alloy
1s slightly anodic to other aluminum alloys such as 2024-Th and 7075=-T6.
The solution potentials of the other alloys tested gorrelate with the
results of similar alloys found in the litera.‘c,ure.:L

NOTE: The data from vwhich this report was prepared are recorded in
Engineering Test Laboratory Deta Book 3028.
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VOLTMETER - POTENTIOMETER

<K

/e S U
+

\M"\/'V\/\/\\/\-"’\ /\.-/\\_/‘\ e

A - Galvanometer

B - Operating Cell

K = Key

V = Voltmeter

R - Variable Resistor

ﬁéu’;’}i. .L

PORN 10184



J

N $9TOA TT°0 3utppy £q TowOTe) OT/N O3 PelIeAuo) aq Aey pejsT] STETIUS0J UOTINTOS SYL
~"3 '
oR D
dd Lo
SRS ¢%°0 T991S 000T 38f 095wp

' 4 7°0 19935 OETY

o o

= L ,

2 & £€8°0 Loty wnutumly  91-6L0L
7L°0 AotV wnutunTy S—€00€
€L70 Kogry wmupmyy  S-€909
L9°0 Koty wnupumty Y1-1909
86°0 . ' (*d°0)ourZ
L8°0 £LoTTv wnummmty 91-6LOL (2LOL)BUTPPeTd
SL'0 KoTTV wnutumyy 9l-SLOL
eLo KLoTTV wmuyumyy ¥1-7202 Jo (0€ZT)3uTpreTd
960 Loy wnupumyy ¥1-720C

#9P0I303Ty @dousIejsy 10 3v/3y
9TOA‘ TeT3U830d UOTINTOS SAOTTV Te¥an

10qTT/2o% B¢TORN BEG UOTANTOS D062
STeT4Ue30d UOTNTOS AOTTV TBISW I oTqel



CONVAIR PAGE §

ANALY." ) AMICS FOBSGRATIUN

PREPARED BY A, F, Hooper SAN DIEGO REPORT NO. [P-53=425
CHECKED BY J, C. Ceorge : MODEL FEA 7038
REVISED BY DATE }4.9-59

BIBLIOGRAPHY

1. Ashkinazy, Samuel B and Jemes M. Joyce, "Galvanic Corrosion”, Sperry
Engineering Review, Sept.-Oct.'lL9, pp 14-20.

2. American Society for Metals, "Corrosion of Metals", 19Li6.

3. DBass, Jr., Henry K. and Robert V. Andrewss, "Noilos!,'&ph for Corrosion.
Rate Calculations", Corrosion, Jan. 1956, page 2C.

4. Brown, Fink and Hunter, "Measurements of Irreversible Potential as a
Metallurgicel Research Tool", Transactions, American Institute
of Mining and Metallurgical Engineers, Vol. 143, 1941, pp 115.

5. Brown, R.H., G.C. English & R, D. Williams, "The Role of Polarization
in Electrochemical Corrosion”, Aluminum Research Laboratories
Alcoa.

G. Castell, W.F., "Corrosion Protection of Modern Aircraft", Proceedings
of American Electrochemical Society, 195k.

7. Cartledge, G.H., "Studies in Corrosion’, Scientific American, Vol. 194,
No. 5, May 1956, page 35.

8. Deniels, Mathews & Williame, "Experimental Physical Chemistry", 1549.

9. Elm, A.C., "The lMechanism of Action of Metal Protective Paints", Paint,
0il, and Chemical Keview, Aug. 19, 19i8.

10. Evans, W.R., "Metallic Corrosion, Passivity and Protection", 1943,

11. Hibert, C.L., "Factom and Prevention of Corrosion”, Aero Digest, April,
1955, pp 22,31.

12, Jelinek, R.V., How Oxidative Corrosion Occurs", Chemical Engineering,
Vol. 65, No. 17, Aug. 25, 1958, pp 125-30.

13. Jelinek, R.V., "Design Factors in Corrosion Control", Chemicel Engineering,
Vol. 65, No. 23, Nov. 17, 1958, pp 151-k.

14, LaQue, F.L., "Corrosion Mechanisms and Material Selection Methods,
Chemical Engineering Progress, Vol. 54, No. 11, Novemover 1958,
pp 58-61.

15. Metals Handbook Committee, "Metals Handbook", 1948 Edition, p. 792.

PORM 18184



CONVAIR

ANALYSIS PAGE 5
PrREFARED BY A. F. Hooper $AN DIEGO REPORT NO. MP-58-425
CHEckep By J.C. George MODEL REA 7038
REVISED BY DATE 4-9-59
BIBLIOGRAPHY (Continued)
16. Orton, G.W., "Corrosion of Aluminum", Material Laboratory Wright Air
Development Center, Wright Patterson Air Force Base, CADO
Technical Data Digest, pp 16-23.
17. Simpson, N.H., "Causes of Corrosion in Airplahe and Methods of Prevention",
Consolidated Vultee Aircraft, Fort Worth, Texas, Oct. 1949.
18. Speller, F.N., "Corrosion, Causes and Prevention”, 1951.
19. Szymanski, W.A., "Nomograph for Making Corrosion Rate Calculations"”,
Corrosion, Dec. 195k.
20, Uhl#g, H.H., Corrosion Handbook, 19u38.
21. Uhlig, H.H., "Why Metals Corrode", Corrosion, June 1949, pp 169-17k.

FORM 1018-4




