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CHAPTER 1. GENERAL 


1. BACKGROUND. Corrosion is the electrochemical deterioration of a metal 
because of its chemical reaction with the surrounding environment. While new 
and better materials are continuously being developed, this progress is offset, 
in part, by a more aggressive operational environment. This problem is 
compounded by the fact that corrosion is a complex phenomenon. It can take many 
different forms and the resistance of aircraft materials to corrosion can 
drastically change with only a small environmental change. 

2. CATASTROPHIC CORROSION EVENTS. Corrosion is most often thought of as a 
slow process of material deterioration, taking nlace over a significant pe~ 
ef time ~amples being general corrosion, pitting, exfoliation~ etc.). Other 
fo~of corrosion degradation can occur very quickly, in days or even hours, 
with catastrophic results. These forms (such as stress corrosion cracking, 
environmental embrittlement, and corrosion fatigue) depend on both the chemical 
and mechanical aspects of the environment and can cause catastrophic structural 
failure thout warning. 

3. CORROSION CONTROL PROGRAM. 

a. The possibility of an in-flight mishap or excessive down time for 
structural repairs necessitates an active corrosion prevention and control 
program. The type and aggressiveness of the corrosion prevention and control 
program depend on the operational environment of the aircraft. Aircraft exposed 
to salt air, heavy atmospheric industrial pollution, and/or over water 
operations will require a more stringent corrosion prevention and control 
program than an aircraft that is operated in a dry environment. 

b. In order to prevent corrosion, a constant cycle of cleaning, 
inspection, operational preservation, and lubrication must be followed. Prompt 
detection and removal of corrosion will limit the extent of damage to aircraft 
and aircraft components. The basic philosophy of a corrosion prevention and 
control program should consist of the following: 

(1) Adequately trained personnel in the recognition of corrosion 
including conditions, detection and identification, cleaning, treating, and 
preservation; 

(2) Thorough knowledge of corrosion identification techniques; 

(3) Proper emphasis on the concept of all hands responsibility for 
corrosion control; 

(4) Inspection for corrosion on a scheduled basis; 

(5) Aircraft washing at regularly scheduled intervals; 

surfaces; 
(6) Routine cleaning or wipe down of all exposed unpainted 

Chap 1 
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(7) Keeping drain holes and passages open and functional; 

(8) Inspection, removal, and reapplication of preservation 
compounds on a scheduled basis; 

(9) Early detection and repair of damaged protective coatings. 

(10) Thorough cleaning, lubrication, and preservation at 
prescribed intervals; 

(11) Prompt corrosion treatment after detection; 

(12) Accurate record keeping and reporting of material or 
design deficiencies; and 

(13) Use of appropriate materials, equipment, and technical 
publications. 

4.-199.RESERVED 

Chap 1 
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CHAPTER 2. CORROSION THEORY 

200. INTRODUCTION. This chapter briefly describes corrosion theory, the 
causes of corrosion, and the factors which influence its development. The 
various forms of corrosion and common corrosive agents are also described. 

201. BACKGROUND. 

a. Corrosion is a natural phenomenon which attacks metal by chemical or 
electrochemical action and converts it into a metallic compound, such as an 
oxide, hydroxide, or sulfate. Corrosion is to be distinguished from erosion, 
which is primarily destruction by mechanical action. The corrosion occurs 
because of the tendency for metals to return to their natural state. Noble 
metals, such as gold and platinum, do not corrode since they are chemically
uncombined in their natural state. Four conditions must exist before corrosion 
can occur (see Figure 2-1): 

(1) Presence of a metal that will corrode (anode); 

(2) Presence of a dissimilar conductive material (cathode) which has 
less tendency to corrode; 

(3) Presence of a conductive liquid (electrolyte); and 

(4) Electrical contact between the anode and cathode (usually metal­
to-metal contact, or a fastener. 

FIGURE 2-1. 	 SIMPLIFIED CORROSION CELL SHOWING CONDITIONS WHICH MUST EXIST 
FOR ELECTROCHEMICAL CORROSION. 

b. Elimination of any one of these conditions will stop corrosion. An 
example would be a paint film on the metal surface (see Figure 2-2). Some 
metals (such as stainless steel and titanium), under the right conditions, 

Chap 2 
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produce corrosion products that are so tightly bound to the corroding metal that 
they form an invisible oxide film (called a passive film), which prevents
further corrosion. When the film of corrosion products is loose and porous 
(such as those of aluminum and magnesium), an electrolyte can easily penetrate 
and continue the corrosion process, producing more extensive damage than surface 
appearance would show. 

NO CONTACT BETWEEN 
E L ECTR<D L YT E AND ANODE 
AND CATHODE 

FIGURE 2-2. 	 ELIMINATION OF CORROSION BY APPLICATION OF AN ORGANIC FILM TO 
METAL SURFACE. 

202. DEVELOPMENT OF CORROSION. 

a. All corrosive attack begins on the surface of the metal. The 
corrosion process involves two chemical changes. The metal that is attacked or 
oxidized undergoes an anodic change, with the corrosive agent being reduced and 
undergoing a cathodic change. The tendency of most metals to corrode creates 
one of the major problems in the maintenance of the aircraft, particularly in 
areas where adverse environmental or weather conditions exist. 

b. Paint coatings can mask the initial stages of corrosion. Since 
corrosion products occupy more volume than the original metal, paint surfaces 
should be inspected often for irregularities such as blisters, flakes, chips, 
and lumps. 

203. FACTORS INFLUENCING CORROSION. 

a. Some factors which influence metal corrosion and the rate of 
corrosion are the: 

Chap 2 
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(1) Type of metal; 

(2) Heat treatment and grain direction; 

(3) Presence of a dissimilar, less corrodible metal (galvanic 
corrosion); 

(4) Anode and cathode surface areas (in galvanic corrosion); 

(5) Temperature; 

(6) Presence of electrolytes (hard water, salt water, battery 
fluids, etc.); 

(7) Availability of oxygen; 

(8) Presence of different concentrations of the same ectrolyte; 

(9) Presence of biological organisms; 

(10) Mechanical stress on the corroding metal; and 

(11) Time of exposure to a corrosive environment. 

b. Most pure metals are not suitable for aircraft construction and are 
used only in combination with other metals to form alloys. Most alloys are made 
up entirely of small crystalline regions, called grains. Corrosion can occur on 
surfaces of those regions which are less resistant and also at boundaries 
between regions, resulting in the formation of pits and intergranular corrosion. 
Metals have a wide range of corrosion resistance. The most active metals (those 
which tend to lose electrons easily), such as magnesium and al num, corrode 
easily. The most noble metals (those which do not lose ectrons easily), such 
as gold and silver, do not corrode easily. 

c. Corrosion is accelerated by higher temperature environments which 
accelerate chemical reactions and allow greater moisture content at saturation 
in air. 

d. Electrolytes (electrically conducting sol ions) form on surfaces 
when condensation, salt spray, rain, or rinse water accumulate. Dirt, salt, 
acidic gases, and engine exhaust gases can dissolve on wet surfaces, increasing 
the electrical conductivity of the electrolyte, thereby increasing the rate of 
corrosion. 

e. When some of the electrolyte on a metal surface is partially confined 
(such as between faying surfaces or in a deep crevice), metal in is confined 
area corrodes more rapidly than other metal surfaces of the same part outside 
this area. This type of corrosion is called an oxygen concentration cell. 
Corrosion occurs more rapidly than would be expected, because the reduced oxygen 
content of the confined electrolyte causes the adjacent metal to become anodic 
to other metal surfaces on the same part immersed in electrolyte exposed to the 
air. 

Chap 2 
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f. Slimes, molds, fungi, and other living organisms (some microscopic) 
can grow on damp surfaces. Once they are established, the area tends to remain 
damp, increasing the possibility of corrosion. 

g. Manufacturing processes such as machining, forming, welding, or heat 
treatment can leave stresses in aircraft parts. This residual stress can cause 
cracking in a corrosive environment when the threshold for stress corrosion is 
exceeded. 

h. Corrosion, in some cases, progresses at the same rate no matter how 
long the metal has been exposed to the environment. In other cases, corrosion 
can decrease with time, due to the barrier formed by corrosion products, or 
increase with time if a barrier to corrosion is being broken down. 

204. FORMS OF CORROSION. There are many different types of corrosive attack 
and these will vary with the metal concerned, corrosive media location, and time 
exposure. For descriptive purposes, the types are discussed under what is 
considered the most commonly accepted titles. 

a. Uniform Etch Corrosion. Uniform etch corrosion results from a direct 
chemical attack on a metal surface and involves only the metal surface (see 
Figure 2-3). On a polished surface, this type of corrosion is first seen as a 
general dulling of the surface, and if the attack is allowed to continue, the 
surface becomes rough and possibly frosted in appearance. The discoloration or 
general dulling of metal created by exposure to elevated temperatures is not to 
be considered as uniform etch corrosion. 

b. Pitting Corrosion. The most common effect of corrosion on aluminum 
and magnesium alloys is called pitting (see Figure 2-4). It is first noticeable 
as a white or gray powdery deposit, similar to dust, which blotches the surface. 
When the deposit is cleaned away, tiny pits or holes can be seen in the surface. 
Pitting corrosion may also occur in other types of metal alloys. The 
combination of small active anodes to large passive cathodes causes severe 
pitting. The principle also applies to metals which have been passivated by 
chemical treatments, as well as for metals which develop passivation due to 
environmental condition. 

Chap 2 
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FIGURE 2-3. UNIFORi~ ETCH CORROSION 

=========~ 

FIGURE 2-4. PITTING CORROSION 
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c. Galvanic Corrosion. Galvanic corrosion occurs when two dissimilar 
metals make electrical contact in the presence of an electrolyte (see
Figure 2-5). The rate which corrosion occurs depends on the difference in the 
activities. The greater the difference in activity, the faster corrosion 
occurs. For example, magnesium would corrode very quickly when coupled with 
gold in a humid atmosphere, but aluminum would corrode very slowly in contact 
with cadmium. The rate of galvanic corrosion also depends on the size of the 
parts in contact. If the surface area of the corroding metal (the anode) is 
smaller than the surface area of the less active metal (the cathode), corrosion 
will be rapid and severe. When the corroding metal is larger than the less 
active metal, corrosion will be slow and superficial. For example, an aluminum 
fastener in contact with a relatively inert Monel structure may corrode 
severely, while a Monel bracket secured to a large aluminum member would result 
in a relatively superficial attack on the aluminum sheet. 

(CATHODE) 

ELECTROLYTE 

(ANODE) 

STEFL-­
FASTENER 

· MAGNFSIU.'A 
ALLOY 

FIGURE 2-5. GALVANIC CORROSION OF MAGNESIUM ADJACENT TO STEEL FASTENER 

d. Concentration Cell Corrosion. Concentration cell corrosion is 
corrosion of metals in a metal-to-metal joint, corrosion at the edge of a joint 
even though joined metals are identical, or corrosion of a spot on the metal 
surface covered by a foreign material (see Figure 2-6). Another term for this 
type of corrosion is crevice corrosion. Metal ion concentration cells, oxygen 
concentration cells, and active-passive cells are the three general types of 
concentration cell corrosion. 

(1) Metal ion concentration cells. The solution may consist of 
water and ions of the metal which is in contact with water. A high 
concentration of the metal ions will normally exist under faying surfaces where 
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the solution is stagnant, and a low concentration of metal ions will exist 
adjacent to the crevice which is created by the faying surface. An electrical 
potential will exist between the two points; the area of the metal in contact 
with the low concentration of metal ions will be anodic and corrode, and the 
area in contact with the high metal ions concentration will be cathodic and not 
show signs of corrosion. Figure 2-6 illustrates metal ion concentration cell 
corrosion. 

(2) Oxygen concentration cells. The solution in contact with the 
metal surface will normally contain dissolved oxygen. An oxygen cell can 
develop at any point where the oxygen in the air is not allowed to diffuse into 
the solution, thereby creating a difference in oxygen concentration between two 
points. Typical locations of oxygen concentration cells are under either 
metallic or nonmetallic deposits on the metal surface and under faying surfaces 
such as riveted lap joints. Oxygen cells can also develop under gaskets, wood, 
rubber, and other materials in contact with the metal surface. Corrosion will 
occur at the area of low oxygen concentration (anode) as illustrated in Figure 
2-6. Alloys, such as stainless steel, which owe their corrosion resistance to 
surface passivity, are particularly susceptible to this type of crevice 
corrosion. 

(3) Active-passive cells. Metals which depend on a tightly adhering
passive film, usually an oxide for corrosion protection, such as corrosion 
resistant steel, are prone to rapid corrosive attack by active-passive cells. 
The corrosive action usually starts as an oxygen concentration cell. As an 
example, salt deposits on the metal surface in the presence of water containing 
oxygen can create the oxygen cell. The passive film will be broken beneath the 
dirt particle. Once the passive film is broken, the active metal beneath the 
film will be exposed to corrosive attack. An electrical potential will develop 
between the large area of the cathode (passive film) and the small area of the 
anode (active metal). Rapid pitting of the active metal will result as shown in 
Figure 2-6. 

e. Intergranular Corrosion. Intergranular corrosion is an attack along 
the grain boundaries of a material. Each grain has a clearly defined boundary
which, from a chemical point of view, differs from the metal within the grain 
center. The grain boundary and grain center can react with each other as anode 
and cathode when in contact with an electrolyte. Rapid selective corrosion at 
the grain boundary can occur with subsequent delamination (see Figure 2-7). 
High-strength aluminum alloys such as 2014 and 7075 are more susceptible to 
intergranular corrosion if they have been improperly heat-treated and are then 
exposed to a corrosive environment. 
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FIGURE 2-6. CONCENTRATION CELL CORROSION 


FIGURE 2-7. INTERGRANULAR CRACKING AND CORROSION ON A WING SPAR CHORD 
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f. Exfoliation Corrosion. Exfoliation corrosion is an advanced form of 
i ntergranul ar corrosion where the surface grains of a metal are lifted up by the 
force of expanding corrosion products occurring at the grain boundaries just
below the surface . The lifting up or swelling is visible evidence of 
exfol iation corrosion (see Figures 2-8 and 2-9}. Exfoliation is most prone to 
occur i n wrought products such as extrusions, th ick sheet, thin plate and 
certain die-forged shapes which have a thin, highly elongated platelet type 
grain structure. This is in contrast with other wrought products and cast 
products that tend to have an equiaxed grain structure . 

FIGURE 2-8. SEVERE EXFOLIATION CORROSION OF A SEAT TRACK 
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FIGURE 2-9. SEVERE EXFOLIATION CORROSION 

g. Filiform Corrosion. Filiform corrosion is a special form of oxygen 
concentration cell corrosion or crevice corrosion which occurs on metal surfaces 
having an organic coating system. It is recognized by its characteri stic 
worm- like trace of corrosion products beneath the paint film (see Figures 2-10 
and 2-11). Filiform occurs when the relative humidity of the air is between 78 
and 90 percent and the surface is slightly acidic. Corrosion starts at breaks 
in the coating system and proceeds underneath the coating due to the diffusion 
of water vapor and oxygen from the air through the coating. Filiform corrosion 
can attack steel and aluminum surfaces. The traces never cross on steel, but 
they wil l cross under one another on aluminum which makes the damage deeper and 
more severe for al uminum. If filiform corrosion is not removed and the area 
treated and a protective finish applied, the corrosion can lead to intergranular 
corrosion, especially around fasteners and at seams. Filiform corrosion can be 
removed using glass bead blasting material with portable abrasive blasting 
equipment and/or mechanical means such as buffing or sanding. Filiform 
corrosion can be prevented by storing aircraft in an environment with a relative 
humidity below 70 percent, using coating systems having a low rate of diffusion 
for oxygen and water vapors, and by washing aircraft to remove acidic 
contaminants from the surface, such as those created by pollutants in the air . 
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FIGURE 2-10. FILIFORM CORROSION 


FIGURE 2-11. FILIFORM CORROSION BEFORE AND AFTER PAINT REMOVAL 
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205. CORROSION AND MECHANICAL FACTORS. Corrosive attack is often aggravated 
by mechanical factors that are either within the part (residual) or applied to 
the part (cyclic service loads). Erosion by sand and/or rain and mechanical 
wear will remove surface protective films and contribute to corrosive attack of 
underlying metal surfaces. Corrosive attack that is aided by some mechanical 
factor usually causes the part to degenerate at an accelerated rate compared to 
the rate at which the same part would deteriorate if it were subjected solely to 
corrosive attack. Environmental conditions and the composition of the alloy 
also influence the extent of attack. Examples of this kind of alliance are 
stress-corrosion cracking, corrosion fatigue, and fretting corrosion. 

a. Stress-Corrosion Cracking. Stress-corrosion cracking is an 
intergranular cracking of the metal which is caused by a combination of stress 
and corrosion (see Figures 2-12 through 2-14). Stress may be caused by internal 
or external loading. Internal stresses are produced by nonuniform deformation 
during cold working, by unequal cooling from high temperatures, and by internal 
structural rearrangement involving volume changes. Internal stresses are 
induced when a piece of structure is deformed during an assembly operation, 
(i.e., during pressing in bushings, shrinking a part for press fit, installing
interference bolts, installing rivets, etc.). Concealed stress is more 
important than design stress, because stress-corrosion is difficult to recognize 
before it has overcome the design safety factor. The level of stress varies 
from point to point within the metal. Stresses near the yield strength are 
generally necessary to promote stress-corrosion cracking, but failures may occur 
at lower stresses. Specific environments have been identified which cause 
stress-corrosion cracking of certain alloys. Salt solutions and seawater may 
cause stress-corrosion cracking of high strength heat-treated steel and aluminum 
alloys. Methyl alcohol-hydrochloric acid solutions will cause stress-corrosion 
cracking of some titanium alloys. Magnesium alloys may stress-corrode in moist 
air. Stress-corrosion may be reduced by applying protective coatings, stress 
relief heat treatment, using corrosion inhibitors, or controlling the 
environment. Shot peening a metal surface increases resistance to stress­
corrosion cracking by creating compressive stresses on the surface which should 
be overcome by applied tensile stress before the surface sees any tension load. 
Therefore, the threshold stress level is increased. 
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FIGURE 2-12. STRESS-CORROSION CRACKING OF 7079-T6 FITTING 


FIGURE 2-13. STRESS-CORROSION CRACKING STARTING AT A PIT IN CRES MATERIAL 
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FIGURE 2-14. STR ESS-CORROSION CRACKING OF AN EXTRUDED SECTION 

b. Corrosion Fatigue. Corrosion fatigue is caused by the combined 
effects of cyclic stress and corrosion. No metal is immune to some reduction in 
its resistance to cyclic stressing if the metal is in a corrosive environment. 
Damage from corrosion fatigue is greater than the sum of the damage from both 
cyclic stresses and corrosion. Corrosion fatigue failure occurs in two stages.
During the first stage, the combined action of corrosion and cyclic stress 
damages the metal by pitting and crack formation to such a degree that fracture 
by cyclic stressing will ultimately occur, even if the corrosive environment is 
complet ely removed. The second stage is essentially a fatigue stage in which 
failure proceeds by propagation of the crack (often from a corrosion pit or 
pi ts) and is controlled primarily by stress concentration effects and the 
physical properties of the metal. Fracture of a me tal part, due to fatigue 
corrosion, general ly occurs at a stress level far below the fatigue limit in 
laboratory air , even though the amount of corrosion is relat ively small. For 
this reason, protection of all parts subject to alternating stress is 
particularly important, even in environments that are only mildly corrosive. 

c. fretting Corrosion. Damage can occur at the interface of two highly
loaded surfaces which are not supposed to move against each other. However, 
vibration may cause the surfaces to rub together resulting in an abrasive wear 
known as fretting. The protective film on the metallic surfaces is removed by
the rubbing action. The continued rubbing of the two surfaces prevents 
formation of protective oxide f ilm and exposes fresh active metal to the 
atmosphere. Fretting can cause severe pitting (see Figure 2-15). Dampening 
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of vibration, t ighteni ng of joints, application of a l ubricant, or installation 
of a fretting resistant material between the two surfaces can reduce fretting 
corrosion. 

/ 

• 

FIGURE 2-15. FRETT ING CORROSION AND CRACKING FROM CYCLIC LOADING OF LUG 

d. Heat Treatment . Heat treatment of airframe materials should be 
rigidly controlled to maintain their corrosion resistance as wel l as to improve 
their essential mechanical properties. For example, improper heat treatment of 
clad aluminum alloy may cause the cladding to i ncur excess ive di ffusion because 
the solution heat treatment is too long or at too high a temperature. This 
degrades the inherent resistance of the cladding itsel f, and reduces its ability 
to provide protection to the core aluminum alloy. Aluminum alloys which contain 
appreciable amounts of copper and zinc are highly vulnerable to intergranular 
corrosion attack if no t quenched rapidly during heat treatment or other special 
treatment. Stainless steel al loys are susceptible to carbide sensiti zation when 
sl owly cool ed after welding or high temperature heat treatment. Post-weld heat 
treatments are normally advisable for reduction of residual stress. 

e. Hydrogen Embrittl ement. 

(1) Environmentally induced fa il ure processes may often be the 
result of hydrogen damage rather than oxidation. Atomic hydrogen is a cathodic 
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product of many electrochemical reactions, forming during naturally occurring 
corrosion reactions as well as during many plating or pickling processes. 
Whether hydrogen is liberated as a gas, or atomic hydrogen is absorbed by the 
metal, depends on the surface chemistry of the metal. 

{2) Atomic hydrogen, due to its small size and mass, has very high 
diffusivity in most metals. It will therefore penetrate most clean metal 
surfaces easily and migrate rapidly to favorable sites where it may remain in 
solution, precipitate as molecular hydrogen to form small pressurized cavities, 
cracks or large blisters, or it may react with the base metal or with alloying 
elements to form hydrides. 

(3) The accumulation of hydrogen in high strength alloys often leads 
to cracking, and this often occurs in statically loaded components several hours 
or even days after the initial application of the load or exposure to the source 
of hydrogen. Cracking of this type is often referred to as hydrogen stress 
cracking, hydrogen delayed cracking, or hydrogen induced cracking. Similar 
fracture processes can occur in new and unused parts when heat treatments or 
machining have left residual stresses in the parts, and have then been exposed 
to a source of hydrogen. For this reason, all processes such as pickling or 
electroplating must be carried out under well controlled conditions to minimize 
the amount of hydrogen generated. 

206. COMMON CORROSIVE AGENTS. Substances that cause corrosion of metals are 
called corrosive agents. The most common corrosive agents are acids, kalies, 
and salts. The atmosphere and water, the two most common media these 
agents, may act as corrosive agents too. 

a. Acids. In general, moderately strong acids will severely corrode 
most of the alloys used in airframes. The most destructive are sulfuric acid 
(battery acid), halogen acids (i.e., hydrochloric, hydrofluoric, and 
hydrobromic), nitrous oxide compounds, and organic acids found in the wastes 
humans and animals. 

b. Alkalies. Although alkalies, as a group, are generally not as 
corrosive as acids, aluminum and magnesium alloys are exceedingly prone to 
corrosive attack by many alkaline solutions unless the solutions contain a 
corrosion inhibitor. Particularly corrosive to aluminum are washing soda, 
potash (wood ashes), and lime (cement dust). Ammonia, an alkali, is an 
exception because aluminum alloys are highly resistant to it. 

c. Salts. Most salt solutions are good electrolytes and can promote 
corrosive attack. Some stainless steel alloys are resistant to attack by salt 
solutions but aluminum alloys, magnesium alloys, and other steels are extremely 
vulnerable. Exposure of airframe materials to salts or their solutions is 
extremely undesirable. 

d. The Atmosphere. The major atmospheric corrosive agents are oxygen 
and airborne moisture, both of which are in abundant supply. Corrosion often 
results from the direct action of atmospheric oxygen and moisture on metal, and 
the presence of additional moisture often accelerates corrosive attack, 
particularly on ferrous alloys. However, the atmosphere may also contain other 
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corrosive gases and contaminants, particularly industrial and marine 
environments, which are unusually corrosive. 

(1) Industrial atmospheres contain many contaminants, the most 
common of which are partially oxidized sulfur compounds. When these sulfur 
compounds combine with moisture, they form sulfur-based acids that are highly 
corrosive to most metals. In areas where there are chemical industrial plants,
other corrosive atmospheric contaminants may be present in large quantities, but 
such conditions are usually confined to a specific locality. 

(2) Marine atmospheres contain chlorides in the form of salt 
particles or droplets of salt-saturated water. Since salt solutions are 
electrolytes, they corrosively attack aluminum and magnesium alloys which are 
vulnerable to this type of environment. 

e. Water. The corrosivity of water will depend on the type and quantity 
of dissolved mineral and organic impurities and dissolved gasses (particularly 
oxygen) in the water. One characteristic of water which determines its 
corrosivity is the conductivity or its ability to act as an electrolyte and 
conduct a current. Physical factors, such as water temperature and velocity, 
also have a direct bearing on the corrosivity. 

(1) The most corrosive of natural waters (sea and fresh waters) are 
those that contain salts. Water in the open sea is extremely corrosive due to 
the presence of chloride ions, but waters in harbors are often even more so 
because they are contaminated by industrial waste. 

(2) The corrosive effects of fresh water varies from locality to 
locality due to the wide variety of dissolved impurities that may be present in 
any particular area. Some municipal waters (potable water) to which chlorine 
and fluorides have been added can be quite corrosive. Commercially softened 
water and industrially polluted rain water are usually considered to be very 
corrosive. 

207. MICRO-ORGANISMS. 

a. Microbial attack includes actions of bacteria, fungi, or molds. 
Micro-organisms occur nearly everywhere. Those organisms causing the greatest 
corrosion problems are bacteria and fungi. 

b. Bacteria may be either aerobic or anaerobic. Aerobic bacteria 
require oxygen to live. They accelerate corrosion by oxidizing sulfur to 
produce sulfuric acid. Bacteria living adjacent to metals may promote corrosion 
by depleting the oxygen supply or by releasing metabolic products. Anaerobic 
bacteria, on the other hand, can survive only when free oxygen is not present. 
The metabolism of these bacteria requires them to obtain part of their 
sustenance by oxidizing inorganic compounds, such as iron, sulfur, hydrogen, and 
carbon monoxide. The resultant chemical reactions cause corrosion. 
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c. Fungi are the growths of micro-organisms that feed on organic 
materials. While low humidity does not kill microbes, it slows their growth and 
may prevent corrosion damage. Ideal growth conditions for most micro-organisms 
are temperatures between 68 and 104 oF (20 and 40 °C) and relative humidity 
between 85 and 100 percent. It was formerly thought that fungal attack could be 
prevented by applying moisture-proofing coatings to nutrient materials or by 
drying the interiors of compartments with desiccants. However, some moisture­
proofing coatings are attacked by mold, bacteria, or other microbes, especially 
if the surfaces on which they are used are contaminated. Microbial growth 
occurs at the interface of water and fuel, where the fungus feeds on fuel. 
Organic acids, alcohols, and esters are produced by growth of the fungus. These 
by-products provide even better growing conditions for the fungus. The fungus 
typically attaches itself to the bottom of the tank and looks like a brown 
deposit on the tank coating when the tank is dry. The fungus growth may start 
again when water and fuel are present. 

d. The spore form of some micro-organisms can remain dormant for lon9 
periods while dry, and can become active when moisture is available. When 
desiccants become saturated and unable to absorb moisture passing into the 
affected area, micro-organisms can begin to grow. Dirt, dust, and other 
airborne contaminants are the least recognized contributors to microbial attack. 
Unnoticed, small amounts of airborne debris may be sufficient to promote fungal 
growth. 

e. Fungi nutrients have been considered to be only those materials that 
have been derived from plants or animals. Thus, wool, cotton, rope, feathers, 
and leather were known to provide sustenance for microbes, while metals and 
minerals were not considered fungi nutrients. To a large extent this rule of 
thumb is still valid, but the increasing complexity of synthetic materials makes 
it difficult or impossible to determine from the name alone whether a material 
will support fungus. Many otherwise resistant synthetics are rendered 
susceptible to fungal attack by the addition of chemicals to change the 
material's properties. 

f. Damage resulting from microbial growth can occur when any of three 
basic mechanisms, or a combination of these, is brought into play. First, fungi 
are damp and have a tendency to hold moisture, which contributes to other forms 
of corrosion. Second, because fungi are living organisms, they need food to 
survive. This food is obtained from the material on which the fungi are 
growing. Third, these micro-organisms secrete corrosive fluids that attack many 
materials, including some that are not fungi nutrient. 

g. Microbial growth must be removed completely to avoid corrosion. 
Microbial growth should be removed by hand with a firm nonmetallic bristle brush 
and water. Removal of microbial growth is easier if the growth is kept wet with 
water. Microbial growth may also be removed with steam at 100 psi and steam 
temperatures not exceeding 150 oF (66 °C). Protective clothing must be used when 
using steam for removing microbial growth. 
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208. METALLIC MERCURY CORROSION ON ALUMINUM ALLOYS. Spilled mercury on 
aluminum should be cleaned immediately because mercury causes corrosion attack 
which is rapid in both pitting and intergranular attack and is very difficult to 
control. The most devastating effect of mercury spillage on aluminum alloys is 
the formation of an almagem which proceeds rapidly along grain boundaries, 
causing liquid metal embrittlement. If the aluminum alloy part is under tension 
stress, this embrittlement will result in splitting with an appearance similar 
to severe exfoliation. X-ray inspection may be an effective method of locating 
the small particles of spilled mercury because the dense mercury will show up
readily on the x-ray film. 

209.-299. RESERVED. 
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CHAPTER 3. EFFECTS OF CORROSION 


300. GENERAL. Most metals are subject to corrosion, but corrosion can be 
minimized by use of corrosion resistant metals and finishes. The principal
material used in airframe structures is high-strength aluminum alloy sheet 
coated (clad) with a pure aluminum coating (alclad) which is highly resistant to 
corrosive attack. However, with an accumulation of airborne salts and/or
industrial pollutants, along with an electrolyte (moisture), pitting of the 
alclad will occur. Once the alclad surface is broken, rapid deterioration of 
the high strength aluminum alloy below occurs. Other metals commonly used in 
airframe structure, such as nonclad high-strength aluminum alloys, steel, and 
magnesium alloys, require special preventive measures to guard against
corrosion. 

a. Aluminum alloys, for example, are usually anodized (a chemical 
coating), or in some later generation aircraft an aluminum applied plating (ion 
vapor disposition (IVD)), then primed and possibly topcoated with paint. 

b. Steel (except most stainless steels) and other metals, such as brass 
and bronze, require cadmium plating, zinc plating, IVD aluminum coating and/or 
conversion coating. 

c. Magnesium alloys are highly susceptible to corrosion attack, 
especially where airborne salts and/or industrial pollutants are present, and 
require special chemical and electrochemical treatments and paint finishes. 

301. EFFECTS OF CORROSION ON METALS. The characteristics of corrosion in 
commonly used aircraft metals (summarized in Table 3-1) are: 

a. Magnesium. Magnesium is the most chemically active metal used in 
airplane construction and is highly susceptible to and difficult to protect from 
corrosion. Therefore, when a failure in the protective coating does occur, the 
prompt and complete correction of the coating failure is imperative if serious 
structural damage is to be avoided. Corrosion of magnesium is possibly the 
easiest type of corrosion to detect, since even in its early stages the 
corrosion products occupy several times the volume of the original magnesium
metal. The beginning attack shows as a lifting of the paint film and as white 
spots on the surface, which rapidly develop into snow-like mounds or whiskers. 
Correction of damage involves the complete removal of corrosion and application
of a chemical conversion coat and protective finish. Magnesium always requires
protective coatings. Some magnesium parts in current aircraft have been 
originally protected by proprietary electrolytic processes, such as HAE and DOW 
17 coatings. The HAE process can be identified by the brown to mottled gray 
appearance of the unpainted surface. DOW 17 coatings have a green to grayish­
green color. Coatings of the electrolytic type are thicker than those applied 
by immersion or brushing. Electrolytic finishes cannot be restored in the 
field. When failure occurs, corrosion products should be removed, the bare 
magnesium should be touched up with chemical treatment solution, and the part 
repainted. Care should be taken to minimize removal of, and ensure repair of, 
these coatings. 
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b. Steel. Corrosion of steel is easily recognized because the corrosion 
product is red rust. When iron-base alloys corrode, dark corrosion products 
usually form first on the surface of the metal. These products are protective.
However, if moisture is present, this ferrous oxide coating is converted to 
hydrated ferric oxide, which is red rust. This material will promote further 
attack by absorbing moisture from the air. The most practical means of 
controlling corrosion of steel is complete removal of corrosion products by
mechanical means and by maintaining the protective coating system (usually a 
plating, often combined with a paint system). 

c. Aluminum. Aluminum and its alloys exhibit a wide range of corrosive 
attack including: uniform surface, galvanic, pitting, intergranular, 
exfoliation, crevice, stress, and fretting corrosion (see Chapter 2, paragraphs 
204. and 205.). Both bare and clad aluminum alloys resist corrosion in 
nonmarine areas. Where airborne salts and/or industrial pollutants are present, 
all aluminum alloys require protection. The corrosion product of aluminum is a 
white-to-gray powdery material which can be removed by mechanical polishing or 
brushing with materials softer than the metal. General surface attack of 
aluminum penetrates slowly but is accentuated in the presence of dissolved salts 
in an electrolyte. Considerable attack can usually take place before serious 
loss of structural strength develops. However, at least three forms of attack 
on aluminum alloys are particularly serious: 

(1) Penetrating pit-type corrosion through walls of aluminum tubing. 

(2) Stress-corrosion cracking materials under sustained stress 
and corrosive environment. 

(3) Intergranular attack characteristic of certain alloys where 
clearly defined grain boundaries differ chemically from the metal within the 
grain. 

d. Anodized Aluminum. Some aluminum parts are protected with an 
anodized coati . Aluminum oxide film on aluminum is naturally protective, and 
anodizing merely increases the thickness the de film. When this coating 
is damaged in service, it can be y partially restored by chemical surface 
treatment. Therefore, ng any proces ing of anodized surfaces, 
unnecessary destruction anodized surface should be avoided. 

e. Titanium. Although titanium is strongly corrosion resistant, 
electrical insulation between titanium and other metals is necessary to prevent 
galvanic corrosion of the other metal. Frequent inspection of such areas is 
required to ensure that insulation failure has not allowed corrosion to begin. 
Under certain conditions, chlorides and some chlorinated solvents may induce 
stress-corrosion cracking of certain titanium alloys. 

f. Cadmium and Zinc. Cadmium is used as a coating to protect steel 
parts and to provide a compati e surface when a part is in contact with other 
materials. Attack on cadmium is evidenced by white-to-brown-to-black mottling 
of the surface. Zinc forms voluminous white corrosion products. When cadmium 
and zinc plate show mottling and isolated voids or cracks in the coating, the 
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plating is still performing its protective function. The cadmium plate on iron 

types, magnetic and nonmagnetic. The magnetic steels identified by numbers 

or steel is still protecting until such time as actual iron rust appears. 

NOTE: Any mechanical removal of corrosion products should be limited 
to metal surfaces from which the cadmium has been depleted. 

g. 
percent 

Stainless Steels. Stainless steels are iron-base alloys containing 
or more of chromium (as well as other elements). They consist of two 

are 
in the American Iron and Steel Institute (AISI) 400-series, such as 410, 430, 
etc. These steels are not as corrosion resistant as the nonmagnetic, which are 
identified by numbers in the AISI 300-series, such as 304, 316, etc. The AISI 
300-series steels have nickel contents ranging from 6 to 22 percent, ile the 
400-series steels have nickel contents of only 2 percent. The corrosion 
resistance of these steels is due to their ability to form a protective oxide 
film on the surface. This "passive" film can be reinforced by treatment in 
certain chemical solutions. However, such steels 11 pit when exposed to harsh 
corrosive environments such as airborne salts and industrial pollutants.
Particularly susceptible are crevices and other areas in which foreign materials 
collect. Corrosion can be prevented by keeping stainless steel clean. 

h. Nickel and Chromium. Nickel and chromium are used as protective
coatings and as alloying elements with iron in stainless steels. Chromium 
plating is also used to provide a smooth, wear resistant surface and to reclaim 
worn parts. Where corrosion resistance in a marine environment is required,
nickel undercoat is used. The degree of protection is dependent upon plating 
thickness. Both of these metals form continuous oxide coatings that can be 
polished to a higher luster and still protect not only themselves but any
underlying metal. Chromium coatings contain cracks, and corrosion originates 
these separations. 

i. Copper and Copper Alloys. Copper and its alloys are generally 
corrosion resistant. However, the effects of minor amounts of corrosion on 
copper electric components can appreciably degrade the performance of the 
components. The product of corrosion on copper is generally a bluish-green 
coating on the surface of the material. When coupled with most metals used in 
aircraft construction, copper is the less active metal and greatly accelerates 
corrosion of the other metals. 

j. Silver, Platinum, and Gold. These metals do not corrode in the 
ordinary sense, although silver tarnishes in the presence of sulfur. The 
tarnish is a brown-to-black film. Gold tarnish is very thin and shows up as a 
darkening of reflecting surfaces. 

(I) When silver is plated over copper there can be an accelerated 
corrosion of the copper, through galvanic action, at pinholes or breaks in the 
silver plating. This corrosion is known as "red plague" and is identifiable by 
the presence of a brown-red powder deposit on the exposed copper. 
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(2) "Purple plague" is a brittle gold-aluminum compound formed when 
bonding gold to aluminum. The growth of such a compound can cause failure in 
microelectronic interconnection bonds. 

k. Tin. Tin is common on R-F shields, filters, crystal covers, and 
automatic switching devices. Tin has the best combination of solderability and 
corrosion resistance of any metallic coating. The problem with tin is its 
tendency to grow "whiskers" on tin-plated wire and other plating applications. 
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TABLE 3-1. CORROSION OF METALS 


ALLOY TYPE OF ATTACK TO WHICH 
ALLOY IS SUSCEPTIBLE 

APPEARANCE OF 
CORROSION PRODUCT 

Magnesium Highly susceptible to 
pitting 

White, powdery, 
snowlike mounds 
and white spots 
on surface 

Low Alloy 
Steel 
(4000-8000 
series) 

Surface oxidation and 
pitting, surface, and 
intergranular 

Reddish-brown 
oxide (rust) 

Aluminum Surface pitting, 
intergranular, 
exfoliation stress­
corrosion and fatigue 
cracking, and fretting 

White-to-grey 
powder 

Titanium Highly corrosion 
resistant; extended or 
repeated contact with 
chlorinated solvents 
may result in 
degradation of the 
metal's structural 
properties at high 
temperature 

No visible corrosion 
products at low 
temperature. Colored 
surface oxides 
develop above 
700 °F 
(370 °C) 

Cadmium Uniform surface 
corrosion; used as 
sacrificial plating 
to protect steel 

From white powdery 
deposit to brown or 
black mottling of 
the surface 

Stainless 
Steels (300­
400 series) 

Crevice corrosion; some 
pitting in marine 
environments; corrosion 
cracking; intergranular 
corrosion (300 series); 
surface corrosion 
(400 series) 

Rough surface; 
sometimes a 
uniform red, brown, 
stain 
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Table 3-1. CORROSION OF METALS (CONTINUED) 

Nickel-base 
(Inconel, 
Monel) 

Generally has good 
corrosion resistant 
qualities; susceptible 
to pitting in sea water 

Green powdery 
deposit 

Copper-base 
Brass, 
Bronze 

Surface and 
intergranular corrosion 

Blue or blue-green 
powdery deposit 

Chromium 
(Plate) 

Pitting (promotes 
rusting of steel where 
pits occur in plating) 

No visible corrosion 
products; blistering 
of plating due to 
rusting and lifting 

Silver Will tarnish in the 
presence of sulfur 

Brown-to-black film 

Gold Highly corrosion 
resistant 

Deposits cause 
darkening of 
reflective surfaces 

Tin Subject to 
whisker growth 

Whisker-like deposit 

302.-399. RESERVED. 
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CHAPTER 4. CORROSION PRONE AREAS AND PREVENTATIVE MAINTENANCE 


400. GENERAL. This chapter lists corrosion problem areas that are common to 
most aircraft. Corrosion prone areas should be cleaned, inspected, and treated 
more frequently than less corrosion prone areas. The list is not necessarily 
complete for any specific aircraft, but could be used to set up a maintenance 
inspection program. Also included in this chapter are factors in corrosion 
control and preventative maintenance. 

401. EXHAUST TRAIL AREAS. Both jet and reciprocating engine exhaust gas
deposits are very corrosive. Inspection and maintenance of exhaust trail areas 
should include attention to the areas i icated in Figure 4-1. Inspection
should also include the removal of fairings and access plates located in the 
exhaust gas path. 

a. Gaps, seams, hinges, and fairings are some of the exhaust trail areas 
where deposits may be trapped and not reached by normal cleaning methods. 

b. Exhaust deposit buildup on the upper and lower wing, aft fuselage,
and in the horizontal tail surfaces will be considerably slower and sometimes 
completely absent from certain aircraft models. 

c v 
c c 
c c 

c c c v c c c 
c c c c 

FIGURE 4-1. EXHAUST TRAIL AREA CORROSION CONTROL POINTS 

402. BATTERY COMPARTMENTS AND BATTERY VENT OPENINGS. In spite of protective 
paint systems and extensive sealing and venting provisions, battery compartments
continue to be corrosion problem areas. Fumes from overheated battery 
electrolyte are difficult to contain and will spread to internal structure. 
Unprotected surfaces will be subjected to corrosive attack. For lead-acid 
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batteries, frequent cleaning and neutralization of acid deposits with sodium 
bicarbonate solution will minimize corrosion. If the battery installation 
includes external vent openings on the aircraft skin, these areas should be 
included in the inspection and maintenance procedure. If aircraft batteries 
with electrolytes of either sulfuric acid or potassium hydroxide are in use, 
their leakage will cause corrosion. Consult the applicable maintenance manuals 
for the particular aircraft to determine which type battery was installed and 
the recommended maintenance practices for each. Cleaning of nickel cadmium 
compartments should be done with ammonia or boric acid solution, allowed to dry 
thoroughly, and then painted with an alkali-resistant varnish. 

403. LAVATORIES, BUFFETS, AND GALLEYS. These areas, particularly deck areas 
behind lavatories, sinks, and ranges, where spilled food and waste products may
collect if not kept clean, are potential trouble spots. Even if some 
contaminants are not corrosive in themselves, they will attract and retain 
moisture and, in turn, cause corrosive attack. Pay attention to bilge areas 
located under galleys and lavatories. Clean these areas frequently and maintain 
the protective sealant and paint finishes. 

FIGURE 4-2. TYPICAL DAMAGE TO FLOOR AROUND LAVATORIES, BUFFETS, AND GALLEYS 
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404. BILGE AREAS. On all aircraft, the bilge area is a common trouble spot. 
The bilge is a natural sump or collection point for waste hydraulic fluids, 
water, dirt, loose fasteners, drill chips, and other odds and ends of debris. 
Residual oil quite often masks small quantities of water which settle to the 
bottom and set up a hidden potential corrosion cell. With the exception of 
water displacing corrosion preventative compounds, keeping bilge areas free of 
all extraneous material, including water and oil will insure the best protection 
against corrosion. A good vacuum cleaner and clean wiping cloths are necessary
to clean such areas. 

405. WHEEL WELLS AND LANDING GEAR. The wheel well area probably receives 
more punishment than any other area of the aircraft. It is exposed to mud, 
water, salt, gravel, and other flying debris from runways during flight
operations (see Figure 4-3). · 

a. Frequent cleaning, lubrication, and paint touch-up are needed on 
aircraft wheels and on wheel well areas. Because of the many complicated
shapes, assemblies, and fittings in the area, complete coverage with a 
protective paint film is difficult to attain. Thus, preservative coatings tend 
to mask trouble rather than prevent it. Because of the heat generated from 
braking, preservative coatings cannot be used on aircraft landing gear wheels. 

b. During inspection of this area, particular attention should be given
to the following trouble spots: 

(1) High strength steel. 

(2) Exposed surfaces of struts, oleos, arms, links, and attaching
hardware (bolts, pins, etc.). 

typical water and debris traps. 

(3) Axle interiors. 

equipment. 
(4) Exposed position indicator switches and other electrical 

(5) Crevices between stiffeners, ribs, and lower skin surfaces which 
are 

(6) Magnesium wheels, particularly around bolt heads, lugs, and 
wheel web areas. 

(7) Exposed rigid tubing, especially at "B" nuts and ferrules under 
clamps and tubing identification tapes. 
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DEBRIS TRAPS 

WHEEL BEARING RACES 

FIGURE 4-3. LANDING GEAR AND WHEEL CORROSION POINTS 
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406. EXTERNAL SKIN AREAS. External aircraft surfaces are ordinarily covered 
with protective finishes. In addition, paint coatings may be applied. The 
affected external aircraft surfaces are readily visible or available for 
inspection and maintenance. Much emphasis has been given to these areas in the 
past, and maintenance procedures are well established. Even here, certain types
of configurations or combinations of materials become troublesome and require
special attention if serious corrosion difficulties are to be avoided. Some of 
the common trouble areas, other than those attributed to engine exhaust 
deposits, are grouped as follows: 

a. Steel, Titanium, CRES, and Nickel Alloy Fasteners. Fasteners and 
areas around these fasteners are trouble spots. These areas are subject to high
operational loads, moisture intrusion, and dissimilar metal skin corrosion (see 
Figure 4-4). 

ELECTROLYTE ErHERS ~ Pt>.INT FILMTHROUGH CRACKS iN 
PAINT FILM 

~~~~~~~~·.:.f~-:.=,·A~--·~ 
iCAHIODf=l 

INT ERGR ANU LAR 
CORROSION STeEL 7075. T 6 

FASTENER ALUMINUM 

\I ANODE) 

FIGURE 4-4. INTERGRANULAR CORROSION OF 7075-T6 ALUMINUM 
ADJACENT TO STEEL FASTENER 

b. Faying Surfaces and Crevices. Similar to corrosion around fasteners, 
corrosion in faying surfaces, seams, and joints is caused by the intrusion of 
moisture and other corrosive agents. The effect of this type of corrosion is 
usually detectable by bulging of the skin surface. 
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FIGURE 4-5. CRACK AND SKIN BULGING CAUSED BY CORROSION 

c. Magnesium Skins. Properly surface treated, insulated, and painted 
magnesium skin surfaces give relatively little trouble from a corrosion 
standpoint if the original surface is maintained. However, trimming, drilling,
and riveting destroy some of the original surface treatment which may not be 
completely restored by touch-up procedures. 

{I) Some aircraft have steel fasteners installed through magnesium
skin with only protective finishes under the fastener heads, and fillet sealant 
or tape over the surface for insulation. Further, all paint coatings are 
inherently thin at abrupt changes in contour, such as at trimmed edges. With 
magnesium's sensitivity to moisture, all of these conditions add up to a 
potential corrosion problem whenever magnesium is used. 

{2) Any inspection for corrosion should include all magnesium skin 
surfaces, as well as other magnesium f ittings or structural components, with 
special attention to edges, areas around skin edges and fasteners, and cracked, 
chipped, or missing paint. 

d. Spotwelded Skjns. Corrosion of this type construction is chiefly the 
result of the entrance and entrapment of moisture or other corrosive agents 
between layers of the metal {see Figure 4-6). 

(!) Spotwelded assemblies are particularly corrosion prone. 
Corrosive attack causes skin buckling or spotweld bulging, and eventually
spotweld fracture. Some of the corrosion may be caused originally by 
fabricating processes, but its progress to the point of skin bulging and 
spotweld fracture is the direct result of moisture or other corrosive agents 
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working its way through open gaps or seams. The use of weld-through sealing 
materials is expected to minimize this problem, but many in-service aircraft 
still have unsealed spotweld skin installed. This type of corrosion is 
evidenced by corrosion products appearing at the crevices through which the 
corrosive agents enter. 

(2) Corrosion may appear at either external or internal faying 
surfaces, but it is usually more prevalent on external areas. More advanced 
corrosive attack causes skin buckling and eventual spotweld fracture. Skin 
buckling in this early stage may be detected by sighting or feeling along 
spotwelded seams or by using a straight edge. 

(3) To prevent this condition, keep potential moisture entry points 
including gaps, seams, and holes created by broken welds filled with 
noncorrosive sealant. 

CORROSIVE AGENTS ENTER 
AT UNSEALED SKIN EDGES 

CORROSIVE AGENTS TRAVEL 
BETWEEN SKINS, AROUND 
RIVETS AND WELDS 

CORRO~ION BUILD UP HERE 
CAUSES BUCKLING OF OUTER SKIN 

.L..--- HERE 

FIGURE 4-6. SPOTWELDED SKIN CORROSION 

e. Piano-type Hinges. These are prime spots for corrosion due to 
dissimilar metal contact between the steel pin and aluminum hinge tangs. They 
are also natural traps for dirt, salt, and moisture. Where this type of hinge 
is used on access doors or plates, and actuated only when opened during an 
inspection, they tend to corrode and freeze in the closed position between 
inspections. When the hinge is inspected, it should be lubricated and actuated 
through several cycles to ensure complete penetration of the lubricant (see 
Figures 4-7 and 4-8). 
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STEEL HiNGE PIN 

EXTRUSIONS 

: ~................ ::: ..............._.; 
·····:.;.;..;.;.,·:~··: ::··~::·:·:·.. ·.·:· 

HIDDEN CORROSION OCCURS 
HERE. JOINT FREEZES AND 
LUGS BREAK OFF WHEN 
HINGE IS ACTUATED 

FIGURE 4-7. HINGE CORROSION POINTS FIGURE 4-8. 	 HINGE FAILURE CAUSED BY 
CORROSION 

f. Heavy or Tapered Aluminum Alloy Skin Surfaces. Heavy or thick 
sections of most heat-treated aluminum alloys are susceptible to pitting or 
intergranular corrosion and exfoliation of the metal. When inspecting external 
skin surfaces, especially around countersunk fastener heads, look for white or 
grey powder deposits or metal exfoliation. This is usually first evident as 
small raised areas or bumps under paint film. 

(1) Treatment of this corrosive attack includes removal of all 
corrosion products, i.e., exfoliated metal is blended and polished not to exceed 
the limits set by the aircraft manufacturer. If corrosion products remain after 
the limits set by the aircraft manufacture have been reached, contact the 
aircraft manufacturer or the Federal Aviation Administration (FAA) for 
authorized limits. The treatment is not complete until the restoration of 
protective surface finishes is accomplished. 

(2) Protect reworked areas with a chemical conversion coating, 
sealant primer, and top coat if applicable. Reworked areas should be carefully
watched for any indications of renewed corrosive activity. 

g. Organic Composites. Organic composites used in aircraft can cause 
different corrosion problems than those normally associated with all metal 
structure. Composites such as graphite/epoxy act as a very noble (cathodic)
material, creating the potential for galvanic corrosion. The galvanic corrosion 
potential coupled with different methods of attachment (i.e., adhesive bonding, 
stepped structures, locking mechanical fasteners, etc.) lead to multicomponent 
galvanic couples with the problem being particularly aggravated by high humidity 
and salt water environments. Application of aircraft sealants over the 

Chap 4 
58 Par 406 



7/25/91 AC 43-4A 


dissimilar metal/composite junctions will prevent galvanic corrosion if moisture 
is completely excluded. However, since complete exclusion of moisture is 
virtually impossible under extended periods of flight operation, the most 
effective method of eliminating the voltage potential is to provide a 
nonconductive layer such as fiberglass/epoxy and/or sealant between the 
composite and dissimilar metal surfaces. 

407. WATER ENTRAPMENT AREAS. Corrosion will result from the entrapment of 
moisture. With the exception of sandwich structures, design specifications
usually require that the aircraft have low point drains installed in all areas 
where moisture and other fluids can collect. In many cases, these drains are 
ineffective either due to location or because they are plugged by sealants, 
extraneous fasteners, dirt, grease, and debris. Potential entrapment areas are 
not a problem when properly located drains are functioning, and the aircraft is 
maintained in a normal ground attitude. However, the plugging of a single drain 
hole or the altering of the level of the aircraft can result in a corrosion 
problem if water becomes entrapped in one of these "bathtub" areas. Daily
inspection of low point drains is a recommended practice. 

408. ENGINE FRONTAL AREAS AND COOLING AIR VENTS. Constant abrasion by
airborne dirt and dust, bits of gravel from runways, and rain tends to remove 
the protective surfaces from these areas. Furthermore, cores of radiator 
coolers, reciprocating engine cylinder fins, etc., due to the requirement for 
heat dissipation, may not be painted. Engine accessory mounting bases usually 
have small areas of unpainted magnesium or aluminum on the machined mounting
surfaces. With moist and salt or industrial pollutant-laden air constantly 
flowing over these surfaces, they are prime sources of corrosive attack. 
Inspection of such areas should include all sections in the cooling air path 
with special attention to obstructions and crevices where salt deposits may
build up during marine operations (see Figures 4-9 and 4-10). 
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All CADMIUM PLATED PARTS 

PUSH ROD HOUSINGS 

MOUNTING 

AIR INLET AREA 

FIGURE 4-9. RECIPROCATING ENGINE FIGURE 4-10. J ENGINE FRONTAL 
FRONTAL AREA CORROSION AREA CORROSION POINTS 

409. ELECTRONIC PACKAGE COMPARTMENTS. ectronic and electrical package 
compartments cooled by ram air or compressor bleed air are subjected to the same 
conditions common to engine and accessory cooling vents and engine frontal 
areas. While the degree of exposure is less because a lower volume of air 
passing through and special design features incorporated to prevent water 
formation in enclosed spaces, this is still a trouble area that requires special 
attention. 

a. Circuit breakers. contact points. and switches are extremely
sensitive to moisture and corrosive attack and should be inspected for these 
conditions as thoroughly as design permits. If design features hinder 
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(8) Hidden corrosion is difficult to detect in many avionic systems; 

(9) Many materials used in avionic systems are subject to attack by
bacteria and fungi; and 

(10) Organic materials are often used which, when overheated or 
improperly or incompletely cured, can produce vapors which are corrosive to 
electronic components and damaging to coatings and insulators. 

410. MISCELLANEOUS TROUBLE AREAS. A variety of additional trouble spots 
exists, and some are covered by manufacturers' publications. Most aviation 
activities can add a favorite to the following list: 

a. Examine all flexible hose assemblies for chafing, weather checking, 
hardening, discoloration, evidence of fungus, and torn weather protective 
coatings or sleeves. Replace those hoses that are found to be discrepant. 

b. Trimmed edges of sandwich panels and drilled holes should have some 
type of corrosion protection. A brush treatment with an inhibitor solution or 
the application of a sealant along the edge, or both, is recommended. Any gaps 
or cavities where moisture, dirt, or other foreign material can be trapped 
should be filled with a sealant. The adjacent structure (not the sandwich) 
should have sufficient drainage to prevent moisture accumulation. Damage or 
punctures in panels should be sealed as soon as possible to prevent additional 
moisture entry--even if permanent repair has to be delayed. 

c. Control cables may present a corrosion problem whether carbon steel 
or stainless steel is used. The presence of bare spots in the preservative 
coating is one of the main contributing factors in cable corrosion. Cable 
condition should be determined by cleaning the cable assembly, inspection for 
corrosion, and application of an approved preservative if no corrosion is found. 
If external corrosion is found, relieve tension on the cable and check internal 
strands for corrosion. Cables with corrosion on internal strands should be 
replaced. Pay particular attention to sections passing through fairleads, 
around sheaves, and grooved bellcrank arms. External corrosion should be 
removed by a clean, dry, coarse rag or fiber brush. After complete corrosion 
removal, apply a preservative. 

d. Topcoating materials (Buna - N, Polyurethane, and Epoxy) used in 
integral fuel cells are impervious to fuel but not completely impervious to 
moisture absorption. Since it is impossible to keep fuel completely free of 
water, moisture can penetrate through the topcoating materials and sometimes 
causes pitting or intergranular corrosion on aircraft structural parts. It has 
also been found that micro-organisms which live in the water entrained by fuel, 
particularly jet propellant types, feed on fuel hydrocarbon and hydrocarbon-type
elastomeric coatings materials. These micro-organisms excrete organic acids, 
and dead micro-organisms act as a gelatinous acidified sponge which can 
deteriorate integral tank coatings and corrode the aircraft structure. 
Microbial corrosion can be minimized by preventing as much water contamination 
of the fuel as possible with well-managed storage facilities, adequate
filtration of fuel, and drainage of water contamination from integral fuel cells 
which keeps the water moving and reduces the chance for the colonies of micro­
organisms to develop. Micro-organic activity can be reduced by using a biocide 
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additive such as "Biobor JF" or equivalent. Solution strength and application
frequency should be in accordance with the manufacturer's instructions. 

e. Electrical connectors/components may be potted with a sealing 
compound to provide more reliability of equipment. The sealing compound
prevents entrance of moisture into the area of connectors where the wires are 
attached to the pins. 

(1) Rubber 0-rings may also be used to seal moisture out of the 
mating area of pin connections and to prevent loss of pressurization in 
compartments containing bulkhead connectors. 

(2) Moisture intrusion into electrical connectors can cause 
corrosion and an electrical failure. Suspected plugs should be disconnected, 
dissembled, solvent cleaned, and inspected for corrosion. 

(3) When sealing provisions are not designed into the electrical 
component, these components can have moisture intrusion and internal corrosion. 

f. Severe corrosion damage to the rear pressure bulkhead below the floor 
may occur as a result of contamination by fluids. Inspection for rear bulkhead 
co1·rosion may require extensive disassembly of components and fixtures to allow 
a thorough visual inspection. When inspection access holes are available, 
inspection by fiber optics is useful. Other nondestructive inspection (NDI)
methods (x-ray, ultrasonic, and eddy current) are also available. However, 
these inspection techniques require specially trained personnel, NDI comparison
standards, and suitable access. A regular inspection of the rear pressure
bulkhead (both front and rear faces) below the floor level should be 
accomplished to prevent serious corrosion from occurring between the bulkhead 
and periphery doubler at the floor level. Such corrosion could weaken the 
bulkhead skin and cause sudden cabin pressure loss. 

g. Some older aircraft have developed delaminations in cold bonded 
joints. Corrosion between the delaminated surfaces is caused by moisture 
intrusion along the edge of the mating parts or around fasteners securing the 
mating parts together. Localized bulging of the skin or internal structural 
component, usually around the fasteners, is the first indication of a corrosion 
problem (see Figure 4-11). Skin cracks or dished or missing fastener heads may
also indicate severe corrosion in bonded joints. Corrosion which occurs between 
skins, doublers, and stringers or frames will produce local bulging or pulled
rivets (see Figure 4-12). Corrosion that occurs between the skins and doublers 
or tear straps away from backup structure such as stringer or frame will not 
produce local bulging. An external low frequency eddy current inspection may be 
used to determine the extent of corrosion in the skin. Lap joints should be 
opened with wedges to determine the full extent of corrosion damage (see Figures 
4-13 and 4-14). Internal visual inspection should be used to detect delaminated 
doublers or tear straps. A penetrating water displacement corrosion inhibitor 
should be applied to faying surfaces after corrosion removal and repair. 

Chap 4 
Par 410 63 



AC 43-4A 7/25/91 

h. Flao and slat recesses and equipment installed in these areas, which 
are normally closed, may corrode unnoticed unless special inspections are 
performed. 

FIGURE 4-11. SPAR CHORD LI FTI NG CAUSED BY CORROSION PRODUCTS 
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FIGURE 4-12. SKIN BULGING AROUND FASTENERS 


! 
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FIGURE 4-13. OPENING OF A CORRODED LAP JOINT FOR REPAIR 
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I 

FIGURE 4-14. CLOSEUP VIEW OF A CORRODED LAP JOINT 

411. FACTORS IN CORROSION CONTROL. 

a. Corrosion Factors. The degree of severity, the cause, and the type 
of corrosion depend on many factors, including the size or thickness of the 
part, the material, heat treatment of the material, protective finishes, 
environmental conditions, preventative measures, and design. 

(1) Thick structural sections are generally more susceptible to 
corrosive attack because of variations in their composition, particularly if the 
sections are heat- treated during fabrication. When large sections are machined 
or chem-milled after heat treatment, the corrosion characteristics of thinner 
sections may be different from those of thicker areas. Section size is based on 
structural requirements and cannot be changed for the purpose of controlling 
corrosion. From a maintenance standpoint, the correct approach is one of 
recognizing the need to ensure the integrity and strength of major structural 
parts and maintaining permanent protection over such areas at al l times. 

(2) In-service stresses and field repairs may affect the rates and 
types of corrosion. Aircraft structure under high cyclic stresses, such as 
helicopter main rotors, are particularly subject to stress -corrosion cracking. 
Also areas adjacent to weld repaired items often have corrosion due to 
insufficient removal of the weld flux, or, for some steels, buildup of a 
magnetic field. Areas such as these should be closely inspected for signs of 
corrosion and, when found, proper treatment accomplished. 
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b. Corrosion Control in Design. Since corrosion is the deterioration of 
metals resulting from reactions between metals and their environment, some 
corrosion control or means to minimize corrosion when the aircraft enters 
operational service should be introduced during the design phase. The corrosion 
issues discussed in this AC provide information to reduce the rate of corrosive 
attack by corrosion control measures introduced early in design. 

(1) The nature of the material is a fundamental factor in corrosion. 
High-strength, heat-treatable aluminum and magnesium alloys are very susceptible 
to corrosion, while titanium and some stainless steel alloys are less 
susceptible in atmospheric environment. The aircraft manufacturer selects 
material for the aircraft based on material strength, weight, and cost, while 
corrosion resistance is often a secondary consideration. However, corrosion 
control should be considered as early as possible during the preliminary design 
phase. 

(2) The use of more corrosion resistant materials in any design 
normally involves additional weight to achieve required strength. Since weight 
consideration is a major factor in the construction of airframes, the primary 
means of preventing corrosion is by use of protective coatings and proper
maintenance procedures. 

(3) The use of corrosion resistant alloys is not a cure-all for 
corrosion prevention. A common mistake is to replace a corroded part with a 
corrosion resistant alloy only to find that the corrosion has now shifted to 
another part and increased in severity. 

(4) The problem of protection against corrosion is minimized if the 
material to be protected is intrinsically resistant to corrosion. Aluminum 
copper alloys are known to have better stress-corrosion resistance and better 
fatigue strength properties than aluminum zinc alloys; therefore, they are often 
used as the primary structural materials. 

(5) Galvanic corrosion is created by dissimilar metals being in 
contact with each other. The galvanic series of metals and alloys (Table 4-1) 
is a factor that should be considered in the repair of aircraft. The further 
apart the metals listed in Table 4-1 are, the greater the tendency will be for 
galvanic corrosion. The metals grouped together in Table 4-2 have little 
differences in electrical potential; thus they are relatively safe to use in 
contact with one another. However, the coupling of metals from different groups 
will result in corrosion of the group having a lower number. 

Chap 4 
Par 411 67 



AC 43-4A 	 7/25/91 


TABLE 4-1. GALVANIC SERIES OF METALS AND ALLOYS 


Electrode Potential of Various Metals and Alloys (a) 

Metal or Alloy (b) 	 Potential, volts 
0.1 	N calomel scale (c) 

Magnesium • • . • . . . • -1.73 

Zinc •.•.•..•.•.. -1.10 

7072, Alclad 3003, Alclad 


6061, Alclad 7075 •• -0.96 

5056, 7079-T6, 5456, 5083, 


214, 218 • . . . • . . -0.87 

5052, 5652, 5086, 1099 . -0.85 

3004, B214, 1185, 1060, 


1260, 5050 ..•••... -0.84 
11001 3003 1 6151 60531 


6061-T6, 6062-T6, 

6063, 6363, Alclad 

2014, Alclad 2024 .•.. -0.83 


Cadmium . • . • . . . • . -0.82 

7075-T6, 356-T6, 360 ...• -0.81 

2024-T81, 6061-T4, 6062-T4 . -0.80 

355-T6 ..........• -0.79 

2014-T6, 113, 750-T5 ••.. -0.78 

2014-T4, 2017-T4, 


2024-T3, and T4 •.... -0.68 to -0.70 (d) 
Mild steel ........• -0.58 
Lead . . . . .••... -o. 55 
Tin . • . . . . •.• -0.49 
Copper . • . . • -0.20 
Bismuth . • . . ... -0.18 
Stainless steel (series 300, 

type 430) ••.. -0.09 
Silver . . . • . • • -0.08 
Nickel ..•....•... -0.07 
Chromium .... -0.49 to +0.018 

(a) 	 Data from Alcoa Research Laboratories. 
(b) 	 The potential of all tempers is the same unless 

temper is designated. 
(c) 	 Measured in an aqueous solution of 53g of sodium chlo­

ride + 3g hydrogen peroxide per liter at 25 degree c. 
(d) 	 The potential varies with quenching rate. 
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TABLE 4-2. GROUPING OF METALS AND ALLOYS 


GROUP I 	 Magnesium and Magnesium Alloys. 

GROUP II 	 Aluminum, Aluminum Alloys, Zinc, Cadium and 
Cadium-Titanium Plate. 

Group III 	 Iron, Steels - Except Stainless Steels; 
Lead, Tin and their Alloys. 

GROUP IV 	 Copper, Brass, Bronze, Copper-Berylium, 
Copper-Nickel Chromium, Nickel, Nickel Base 
Alloys, Cobalt Base Alloys, Carbon Graphite, 
Stainless Steels, Titanium and Titanium 
Alloys. 

NOTE: 1. 	 Metals listed in the same group are 
considered similar to one another. 

2. 	 Metals listed in different groups are 
considered dissimilar to one another. 

c. Protective Finishes. Protective finishes provide protection for the 
base material from corrosion and other forms of deterioration. Protective 
finishes are divided into 2 separate categories, sacrificial and non­
sacrificial. Sacrificial coatings include cadmium, zinc, and aluminum. 
Non-sacrificial coatings include hard plating (chromium and nickel), chemical 
conversion coatings, sealant, primers, and top coat. 

d. Geographical Location and Environment. This factor concerns systems
exposed to marine atmospheres, moisture, acid rain, tropical temperature 
conditions, industrial chemicals, and soils and dust in the atmosphere. Limit, 
whenever possible, the requirement for operation of aircraft in adverse 
environments. 

(1) Moisture is present in the air as a gas (water vapor) or as 
finely divided droplets of liquid (mist or fog) and often contains contaminants 
such as chlorides, sulfates, and nitrates, which increase its corrosive effects. 
Condensed moisture which evaporates will leave its contaminants behind. 
Condensed moisture and its contaminants can also be trapped in close fitting,
wettable joints, such as faying surfaces and be drawn along poor bond lines by
capillary action. 

(2) Salt particles, when dissolved in water, form strong
electrolytes. Normal sea winds carry dissolved salt which makes coastal 
environments highly corrosive. 
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(3) Industrial pollutants {such as carbon, nitrates, ozone, sulfur 
dioxide, and sulfates) contribute to the deterioration of nonmetallic materials 
and can cause severe corrosion of metals. 

{4) Warm, moist air, normally found in tropical climates accelerates 
corrosion while cold, dry air normally found in arctic climates reduces 
corrosion. 

e. Heat Treatment. Proper heat treatment of materials is a vital factor 
in maximizing resistance to corrosion. 

412. PREVENTATIVE MAINTENANCE. 

a. Prevention. Corrosion prevention of aircraft structure depends on a 
comprehensive corrosion prevention and control plan, implemented from the start 
of operation of an aircraft, which includes: 

{1) Adequately trained personnel in: 

{i) Recognition of corrosion inducing conditions; 

{ii) Corrosion identification techniques; 

{iii) Corrosion detection, cleaning, and treating; and 

{iv) Lubrication and preservation of aircraft structure and 
components. 

{2) Inspection for corrosion on a scheduled basis. 

(3) Thorough cleaning, inspection, lubrication, and preservation at 
prescribed intervals. Suggested intervals based on operating environment (see
Figures 4-15 through 4-20) are: 

( i ) Mild zones Every 90 days; 

( i i ) Moderate zones Every 45 days; and 

( i i i ) Severe zones Every 15 days. 

(4) Prompt corrosion treatment after detection. 

(5) Accurate record keeping and reporting of material or design 
deficiencies to the manufacturer and the FAA. 

(6) Use of appropriate materials, equipment, and technical 
publications. 

(7) Maintenance of the basic finish systems. 
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(8) Keeping drain holes and passages open and functional. Sealants, 
leveling compounds, miscellaneous debris, or corrosion inhibitors should not 
block drain paths (see Figure 4-21). 

(9) Replacing deteriorated or damaged gaskets and sealants (using 
noncorrosive type sealants) to avoid water intrusion and entrapment which leads 
to corrosion. 

(10) Minimizing the exposure of aircraft to adverse environments, 
such as hangaring away from salt spray. 
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FIGURE 4-20. EUROPE AND ASIA MINOR CORROSION SEVERITY MAP 
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• 

FIGURE 4· 2I. BLOCKED DRAIN PASSAGES RESULTED 
CONTAMINATES AND MOISTURE 

IN ACCUMULATION OF CORROSION 

b. Cleaning Compounds. 

NOTE: "More i s not always better." Mixing more cleaning compound
increases the pH of the solution which can do more harm than good. A 
cleaning compound should always be mixed in accordance with the 
manufacturer's recommendations. 

(1} Cleaning compounds work by dissolving soluble soils, emulsifying
oily soils, and suspending solid soils. There are several types of cleaning 
compounds, each of which cleans a surface using one or more of these mechanisms. 

(2} Highly alkaline cleaning compounds (pH greater than 10} are not 
recommended. Moderately alkaline cleaners (pH between 7.5 and 10} conforming to 
MIL -C-85570, Types I and II, are recommended. Both types contain detergents, 
foaming agents, and solvents, and work in the same way as a detergent solution. 

.
• 
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(3) High gloss spot cleaner conforming to MIL-C-85570, Type III, is 
recommended for cleaning exhaust track areas of high gloss paint systems. This 
material contains solvents, detergents, and suspended abrasive matter to remove 
soil by wearing away the surface that holds it. 

(4) Thixotropic (viscous) cleaner conforming to MIL-C-85570, Type V, 
is recommended for cleaning wheel wells and replacement of some solvent cleaning 
where water rinsing can be tolerated. This cleaner contains solvents, 
detergents and some thickening agents. When applied undiluted to an oily or 
greasy surface, the cleaner clings long enough to emulsify the soil (about 5 to 
15 minutes) and can then be rinsed away with fresh water. 

NOTE: The use of solvents for cleaning operations is becoming more 
and more limited due to environmental regulations. Determine local 
requirements for waste disposal. 

(5) Solvent emulsion cleaners conforming to MIL-C-43616 and MIL-C­
85704 become emulsions when diluted. The solvent contained in the cleaner 
softens oily soils so that they can be emulsified by the detergent and rinsed 
away. 

(6) Detergent solution cleaners conforming to MIL-D-16791 dissolve 
in water and clean by dissolving soluble salts, emulsifying low viscosity oils, 
and suspending easily removed dirt and dust. They are not very effective on 
grease, but are excellent cleaners for interior lightly soiled areas, plastics,
and instrument glass covers. 

(7) Cleaning solvents dissolve oily and greasy soils so that they 
can be easily wiped away or absorbed on a cloth. Solvents differ significantly
in cleaning ability, toxicity, evaporation rate, effect on paint, and 
flammability. The use of cleaning solvents is intended for localized spot 
application only. A dry cleaning solvent conforming to P-D-680, Type II, is the 
most common cleaning solvent used on aircraft, due to its low toxicity, minimal 
effect on paint, and relative safety. Other solvents, such as alcohols, 
ketones, chlorinated solvents, and naphtha, are specialized materials and have 
restricted use. Refer to the manufacturer's maintenance and cleaning procedures 
for specific applications. 

(8) Miscellaneous cleaning agents include: 

(i) Plastic polish which contains mild abrasive matter to 
polish out scratches in canopy materials; 

(ii) Alkaline chemicals used to neutralize specific acidic 
soils; 

(iii) Sodium bicarbonate for electrolyte spills from 
sulfuric acid batteries; and 

(iv) Monobasic sodium phosphate and boric acid for 
electrolyte spills from nickel-cadmium batteries. 
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(9) Steam cleaning is not recommended for general use on aircraft. 
It erodes paint, crazes plastic, debonds adhesives, damages electrical 
insulation, and drives lubrication out of bearings. 

c. Cleaning Procedures. 

(1) The following cleaning procedures are recommended: 

(i) Remove/disconnect all electrical power; 

(ii) Ground aircraft; 

(iii) Aircraft wash personnel should wear protective gear 
(gloves, goggles, aprons, etc.); 

(iv) Protect against water/cleaning compound intrusion 
(close doors, openings, cover vents, pitot static openings, cover wheels, etc.); 

(v) Accomplish pre-wash lubrication. Lubricate in 
accordance with applicable maintenance manual; 

(vi) Mix cleaning solution to manufacturer's 
recommendation; 

(vii) Use spray not a stream of water during aircraft wash; 

(viii) Do not use abrasive cleaning pads; and 

(ix) Rinse aircraft with fresh water to remove all cleaning 
compounds. 

(2) The following postcleaning procedures are recommended: 

(i) Remove all covers, plugs and masking materials; 

(ii) Inspect and clear all drain holes; 

(iii) Inspect open and all known water trap areas for water 
accumulation and proper drainage; 

(iv) Lubricate aircraft in accordance with applicable 
maintenance manual; and 

(v) Apply operational preservation. 

d. Preservation. The day-to-day application of corrosion preventive 
compounds is used to protect metal aircraft parts and components. They function 
by preventing corrosive materials from contacting and corroding bare metal 
surfaces. Many of these compounds are also able to displace water and other 
contaminants from the surfaces to be protected. Some also provide lubrication 
as well as corrosion protection. Corrosion preventive compounds vary in 
appearance and consistency from thick, black types to light oils. Some are 
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water displacing and others are not. The thicker compounds provide the best 
corrosion protection, are longer lasting, and are more difficult to remove. The 
thinner materials provide some lubrication and do not crack, chip, or peel but 
must be removed and replaced regularly to provide continuing protection. 

e. Surface Treatment. 

(1) An important step in the corrosion control process is the 
surface treatment of the metal with a prescribed chemical to form a protective 
film. Chemical surface treatments properly applied provide corrosion resistance 
to the metal and improve the adhesion of subsequently applied paints. These 
surface treatments, also known as chemical conversion coatings, chromate 
conversion coatings, chemical films, or pretre~tments, are aqueous acid 
solutions of active inorganic compounds which convert aluminum or magnesium
surfaces to a corrosion resistant film. 

(i) Aluminum and aluminum alloys chemical conversion 
materials conform to MIL-C-81706. 

treatment prior to painting limited to corrosion removal and cleaning. 

(ii) 
to MIL-M-3171. 

Magnesium alloy chemical conversion materials conform 

(iii) Ferrous metals, stainless steel, and titanium 
are 

(2) The surface should be prepared for application of the chemical 
conversion coatings. 

(i) Feather the edges of paint along the edge of areas 
that have been chemically stripped prior to pretreatment and repainting to 
ensure a smooth, overlapping transition between the old and new paint surfaces. 

(ii) Clean the area with a fine or very fine clean abrasive 
mat saturated with water. 

(iii) Rinse by flushing with fresh water. Particular 
attention should be given to fasteners and other areas where residues may become 
entrapped. At this stage in the cleaning, the surface should be water break­
free. A surface showing water breaks (water beading or incomplete wetting) is 
usually contaminated with grease or oil, which will later interfere with 
conversion coating, sealing, and painting. 

(iv) If the surface is not free of water breaks, reclean 
the area with a solution of aircraft cleaning compound using the abrasive mat. 
Rinse thoroughly with water. 

(3) Chemical conversion coating is applied by brush, sponge stick 
moistener, or nonatomizing sprayer to achieve a yellow to gold color for 
aluminum (usually 2 to 4 minutes) or greenish brown, brassy or brownish-yellow
for magnesium (30 seconds to 2 minutes). 
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(4) Immediately rinse the part thoroughly with fresh water. Do not 
wipe with a rag or cloth. 

(5) Allow the chemical conversion coated surface to dry a minimum of 
1/2 hour and a maximum of 4 hours before painting. 

f. Sealants. 

(1) Sealants are one of the most important tools for corrosion 
prevention and control. They prevent the intrusion of moisture, salt, dust, and 
aircraft fluids, which can lead to extensive corrosion. For sealants to be 
effective, it is critical that the correct sealant be chosen for a specific 
area/situation and that it be applied correctly. 

(2) Sealants are used for the following reasons: 

(i) Fuel tank sealing; 

(i i ) Pressure areas; 

(iii) Weather sealing; 

(i v) Firewalls; 

(v) Electrical; 

(vi) Acid-resistant areas; 

(vii) Windows; 

(viii) High temperature applications; and 

(i x) Aerodynamic sealing. 

(3) There are numerous sealing compounds available with different 
properties and intended use. Refer to the aircraft manufacturer's manual for 
specific information concerning selection of the sealing compound and proper
application. Observe the warning and cautions of the manufacturer when using
sealing compounds. Sealing compounds generally are divided into two major 
types, those requiring a curing agent and those which cure in air. 

(i) Polysulfide, polythioether, and polyurethane sealing 
compounds consist of the base (prepolymer) and the accelerator (curing agent). 
When thoroughly mixed, the catalyst cures the base to a rubbery solid. Rates of 
cure depend on the type of base, catalyst, temperature, and humidity. A full 
cure may not be achieved for as long as 7 days. 

(ii) Silicone sealing compounds generally consist of one 
component which cures by reaction with moisture in the air. If silicones are 
applied too thick or in such a way as to prevent moisture from entering the 
material, they may not cure at all. In addition, many silicone sealing 
compounds produce acetic acid (vinegar smell) while curing, which can lead to 
severe corrosion problems. The use of silicone sealing compounds on aircraft 
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should be limited to those non-corrosive products conforming to Specification 
(MIL-A-46146). 

(iii) Some sealing compounds may require the application of 
a special primer or adhesion promoter prior to sealant application in order to 
develop a good adhesive bond with the surface. Use only those primers or 
adhesion promoters recommended by the product manufacturer. 

(4) Sealant application procedures: 

(i) Following the removal of corrosion and application of 
a chemical surface treatment, prime all surfaces, except internal fuel tank 
surfaces. If the surfaces have been contaminated following surface treatment, 
clean the area with cleaning solvent and a clean cloth. Dry the surfaces 
immediately with a clean cloth. Do not allow solvent to evaporate from the 
surface. 

(ii) Mask off the area being sealed to prevent sealant from 
contacting adjacent areas during application and postapplication smooth-out 
operations. Examples of where masking may be beneficial are fillet sealing of 
exterior surface lap and butt seams. 

(iii) When required by the manufacturer, apply a thin 
coating of an adhesion promoting solution. Allow to dry by evaporation without 
touching the area for 30 minutes to 1 hour before applying sealant. 

(iv) Spatula type sealants may be applied with a non­
metallic spatula or scraper. Avoid the entrapment of air. Work sealant into 
recesses by sliding the edge of the scraper firmly back over the recesses 
between the tape. Smoothing will be easier if the non-metallic scraper is first 
dipped in water. 

(v) Sealant to be applied with a brush is applied and 
smoothed until the desired thickness is reached. 

(vi) Sealant to be applied with a caulking gun will not 
usually require masking and is especially adaptable to filling seams or the 
application of form-in-place gaskets. 

(vii) Sealant applied with a spray gun should be applied in 
a solid, continuous pattern. 

(viii) Allow sealant to dry or cure to manufacturer's 
recommendations. 

(ix) When required, prime sealant as soon as it no longer
feels tacky, then topcoat as necessary. 

(5) Faying surface sealant is applied between the contacting surface 
of two or more parts, and is the most effective seal that can be produced. It 
should be used for all assembly and, where possible, reassembly. Where at all 
possible it should be used in conjunction with fillet sealing. There are two 
types of faying surface seal installations, removable and permanent. 
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(i) The removable type is for access doors, removable 
panels, inspection plates, windows, etc. The sealant is normally applied to the 
substructure and a parting agent applied on the removable panel during sealant 
cure. 

(ii) The permanent type is for sealing between parts of a 
structure that is permanently fastened together with a high adhesion sealant. 

(6) The fillet, or seam, seal is the most common type found on an 
aircraft. Fillet seals are used to cover structural joints or seams along 
stiffeners, skin butts, walls, spars, and longerons, and to seal around fittings 
and fasteners. It should be used in conjunction with faying surface sealing and 
in place of it if the assembly sequence restricts the use of faying surface 
sealing. 

(7) Injection sealing is used primarily to fill voids created by 
structural joggles, gaps, and openings. Use only those sealants recommended by 
the aircraft/equipment manufacturer. Force sealant into the area using a 
sealant gun. This method is a means of producing a continuous seal where it 
becomes impossible to lay down a continuous bead of sealant while fillet 
sealing. Clean the voids of all dirt, chips, burrs, grease, and oil before 
injection sealing. 

(8) The fastener sealing method depends on the type of fastener. 
Fasteners are sealed either during assembly or after assembly. To seal a 
permanent fastener during assembly, apply the sealant to the hole or dip the 
fastener into the sealant, and install the fastener while sealant is wet. For 
removable fasteners, start the fastener in the hole and apply sealant to the 
lower side of the fastener head or countersink. To seal after assembly, apply 
sealant to the fastener head after installation. 

(9) Sealing of fuel cells should be accomplished per the aircraft 
manufacturer's maintenance manual procedures. 

g. Paint Finishes and Touchup Procedures. 

(1) The primary objective of any paint system is to protect exposed 
surfaces against corrosion and other forms of deterioration. Operational uses 
for particular paint schemes include: 

(i) High visibility requirements; 

(ii) Identification markings; 

(iii) Abrasion protection; and 

(iv) Specialty coatings (i.e., walkway coatings). 

(2) The paint system on aircraft consists of a primer coat and a 
topcoat. The primer promotes adhesion and contains corrosion inhibitors. The 
topcoat provides durability to the paint system, including weather and chemical 
resistance, along with the coloring necessary for operational requirements. 
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(3) Some aircraft surfaces (teflon-filled, rain erosion, walkways,
etc.) require specialized coatings to satisfy service exposure and operational
needs. For these surfaces, refer to the specific manufacturer's maintenance 
manual for the aircraft in question. 

(4) The Environmental Protection Agency, as well as certain local 
air pollution control districts, has implementated rules which limit the 
volatile organic content (VOC), or solvent content, of paints applied to 
aircraft and ground support equipment. It is the responsibility of the user to 
insure that these rules are understood and obeyed. FAILURE TO COMPLY WITH 
CURRENT RULES CAN RESULT IN LARGE FINES. 

(5) Much of the effectiveness of a paint finish and its adherence 
depend on careful preparation of the surface prior to touch up and repair. 

(i) Aged paint surfaces must be scuff sanded to ensure 
adhesion of overcoated, freshly applied paint. Sanding requires a complete 
roughening of the paint surface and can be accomplished by hand sanding or with 
the use of power tools. 

(ii) For final preparation, ensure that surfaces to be 
painted are free of corrosion, have been prepared and the surrounding paint 
feathered, have been cleaned, and have been conversion coated. Replace any seam 
sealants when necessary. Mask areas as required to prevent overspray. 

(6) Spray application for touchup, overcoat and total repaint: 

(i) Primers should be thinned with the applicable thinner 
as required and recommended by the paint manufacturer, stirred, and applied in 
even coats. Primer thickness varies for each type primer but generally the 
total dry film thickness is 0.6 to 0.9 mils (0.0006 to 0.0009 inch). You should 
be able to see through this film thickness. Allow primer to air dry prior to 
topcoat application in accordance with the paint manufacturer's recommendations. 
Normally topcoat application should occur within 24 hours after primer
application. 

(ii) Topcoats should be thinned with the applicable thinner 
as required and recommended by the paint manufacturer, stirred, and applied in 
even coats. Topcoat thickness varies for each topcoat but generally the total 
dry film thickness is 1.5 to 2.0 mils (0.0015 to 0.002 inch). Allow the topcoat 
to air dry in accordance with the paint manufacturer's instructions. 

{A) Teflon-filled (antichafe) coatings should be 
applied over a primer in accordance with the manufacturer's instructions. 

{B) Walkway compounds should be applied over a 
primer in accordance with the manufacturer's instructions. 

413.-499. RESERVED. 
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CHAPTER 5. INSPECTION REQUIREMENTS 


500. GENERAL. Except for special requirements in trouble areas, inspection
for corrosion should be a part of routine maintenance inspections; i.e., daily 
or preflight. Overemphasizing a particular corrosion problem when it is 
discovered and forgetting about corrosion until the next crisis is an unsafe, 
costly, and troublesome practice. Inspection for corrosion is a continuing 
requirement and should be accomplished on a daily basis. If corrosion control 
is assigned to a special crew or group, maintenance checks should be scheduled 
in such a way that these crews may accomplish their inspections and necessary
rework while access plates are removed and components are disconnected or out of 
the way. 

a. Most manufacturers' handbooks of inspection requirements are complete
enough to cover all parts of the aircraft or engine, and no part or area of the 
aircraft should go unchecked. Use these handbooks as a general guide when an 
area is to be inspected for corrosion. 

b. Trouble areas, however, are a different matter, and experience shows 
that certain combinations of conditions result in corrosion in spite of routine 
inspection requirements. These trouble areas may be peculiar to particular
aircraft models, but similar conditions are usually found on most aircraft. 

c. The flight routes and bases of operation will expose some airplanes 
to more corrosive conditions than others: The operational environment of an 
aircraft may be categorized as mild, moderate, or severe, with respect to the 
corrosion severity of the operational environment. The corrosion severity of 
the operational environments around the world are identified in Figure 4-15 
through Figure 4-20. The corrosion severity of any particular area may be 
increased by many factors including: airborne industrial pollutants, chemicals 
used on runways aQd taxiways to prevent ice formation, humidity, temperatures,
prevailing winds from corrosive environment, etc. 

501. FREQUENCY OF INSPECTIONS. In addition to the routine maintenance 
inspections, the following special requirements should be observed: 

a. Aircraft operating in a severe environment should be inspected every 
15 days. 

b. Aircraft operating in a moderate environment should be inspected 
every 45 days. 

and the nature of their treatment. 

days. 
c. Aircraft operating in a mild environment should be inspected every 90 

d. The aircraft should be washed prior to any inspection for corrosion. 

e. Checks should be performed by a crew familiar with corrosion problems 
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f. Operators of low utilization aircraft should develop a corrosion 
inspection and repair program based on calendar time rather than flight hours. 
Due to the uncertainties that may be encountered in various operating 
environments, adjustments to the calendar time inspection interval should be 
made after analysis of corrosion inspection findings. 

502. RECOMMENDED DEPTH OF INSPECTION. Generally speaking, the applicability 
of inspection requirements provides a ready means to insure adequate inspection 
of all compartments and interior aircraft cavities. When such general 
requirements are observed, along with a periodic check of the list of common 
trouble areas, adequate maintenance should be assured for most operating 
conditions. To assist in assuring complete coverage, the following summary is 
included: 

a. Daily and preflight inspection. Check engine compartment gaps, 
seams, and faying surfaces in the exterior skin. Check all areas which do not 
require removal of fasteners, panels, etc., such as bilge areas, wheel and wheel 
well areas, battery compartments, fuel cell and cavity drains, engine frontal 
areas, including all intake vents, and engine exhaust areas. 

b. Indepth inspections. In addition to the more common trouble spots 
that are readily available for inspection, remove screw-attached panels, access 
plates, and removable skin sections as necessary to thoroughly inspect the 
internal cavities. Inspection should also include removal of questionable heavy 
internal preservative coatings, at least on a spot-check basis. Inspect the 
interior of the aircraft in corrosion prone areas such as around lavatories, 
galleys, under floors, baggage compartments, etc. (see Figure 5-1). 

c. Corrosion inspections should be accomplished at each annual 
inspection or other scheduled indepth inspections in which areas of the aircraft 
not normally accessible will be available for corrosion inspection. 

d. Corrosion preventive compounds such as LPS3, Dinol AV5, or equivalent 
products and later advanced developments of such compounds may be used to 
effectively reduce the occurrence of corrosion. Results of corrosion 
inspections should be reviewed to help establish the effectiveness of corrosion 
preventive compounds and determine the reapplication interval of them. 
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FIGURE 5-l. CORROSION FOUND AFTER REMOVING CARGO DOOR THRESHOLD COVERS 

503. PRIMARY APPROACH. The primary approach to corrosion detection is 
corrosion inspections on a regularly scheduled basis. Early detection and 
treatment reduce costs, out of service time, and the possibility of flight or 
flight related incidents. All corrosion inspections should start with a 
thorough cleaning of the area to be inspected. A general visual inspection of 
the area follows using a flashlight, inspection mirror, and a 5- lOx magnifying
glass. The general inspection should look for obvious defects and suspected 
areas. A detailed inspection of damage or suspected areas found during the 
general inspection follows. The detailed inspection can be one or more of the 
following. 

504. NONDESTRUCTIVE INSPECTION IND!l. 

a. Visual Inspection. Visual inspection is the most widely used 
technique and is an effective method for the detection and evaluation of 
corrosion. Visual inspection employs the eyes to look directly at an aircraft 
surface, or at a low angle of incidence to detect corrosion. Using the sense of 
touch of the hand is also an effective inspection method for the detection of 
hidden well developed corrosion. Other tools used during the visual inspection
are mirrors, borescopes, optical micrometers, and depth gauges. The following
shows the type of corrosion damage detectable using the visual inspection
method: Figures 5-2 and 5-3 show chipped, missing, and lifted paint; 
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Figure 5-4 shows dished and popped rivets; Figure 5-5 shows skin bulges or 
l i fted surfaces; Figures 5-6 and 5-7 show cracks; and Figures 5-8 and 5-9 show 
corrosion products. 

(I) The indicatjons of corrosive attack can take several forms 
depending on the type of metal and the length of time the corrosion has had to 
develop. Corrosion deposits on aluminum and magnesiumare generally a whi te 
powder, while ferrous metals vary from red to dark reddish brown stains. 

(2) Sometimes the jnspectjon areas are obscured by structural 
members, equipment installations, or for some other reason are awkward to check 
visually. Adequate access for inspection must be obtained by removing access 
panels and adjacent equipment, cleaning the area as necessary, and removing
loose or cracked sealants and paints. Mirrors, borescopes, and fiber optics are 
useful in providing the means of observing obscure areas. Figures 5-10 through
5-18 depict some of these conditions. 

- --­-------­

I 
FIGURE 5-2. CORROSION UNDER CHIPPED AND LOOSE PAINT ON WING SKIN 
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FIGURE 5-3. CORROSION INDICATED BY BLISTERING OF PAINT IN FUEL CELL 


•. 

FIGURE 5-4. POPPED RIVET HEADS RESULTING FROM CORROSION PRODUCTS 
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FIGURE 5-5. SKIN BULGING AROUND FASTENERS CAUSED BY PRESSURE FROM CORROSION 
PRODUCTS 

_) 

. 
' 

FIGURE 5· 6. CORROSION CRACKING BETWEEN FASTENERS ON A WING SPAR 
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FIGURE 5-7. FAYING SURFACE CORROSIONON WING SPAR CHORO WITH CORROSION 
CRACKING ALSO VISIBLE 

.• 

.. 


FIGURE 5-B. SEVERE CROWN STRINGER CORROSION 
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FIGURE 5-9. SPAR CHORD CORROSION 


• 


.• 

-

--­ -
-

FIGURE 5-10. 	 REMOVAL OF FILLET SEAL FROM INTERNAL EDGE OF LAP JOINT EXPOSED 
FULL EXTENT OF CORROSION 
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FIGURE 5-11. REMOVAL OF INSULATION BLANKETS EXPOSED CORROSION 


fiGURE 5-12. CORROSION DEVELOPED UNDER LEVELING COMPOUND 
PREVIOUS REPAIR OF OVERWING EXIT 

INSTALLED DURING 
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FIGURE 5-13. CORROSION BEHIND A STRUCTURAL COMPONENT ON A WING SPAR 
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FIGURE 5-1 4. CORROSION DAMAGE AROUND FASTENER HOLES AND IN FASTENER HOLES 
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FIGURE 5-15. SEVERELY CORRODED LAP JOINT 
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FIGURE 5-16. 	 LOCAL PAINT REMOVAL REQUIRED TO EXPOSE FULL EXTENT OF 
CORROSION 
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FIGURE 5-17. CORRODED AREA AFTER PAINT REMOVAL FROM WI NG SKIN 


.
• 

FIGURE 5-18. ALODINE 1200 TREATMENT PRIOR TO PAINTING MAY HIGHLIGHT 

PRESENCE OF REMAINING CORROSION OR CRACKS 
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b. Other Methods. In addition to visual inspection there are several 
NDI methods such as: liquid penetrant, magnetic particle, eddy current, x-ray,
ultrasonic, and acoustical emission which may be of value in the detection of 
corrosion. These methods have limitations and should be performed only by
qualified and certified NDI personnel. Eddy current, x-ray, and ultrasonic 
inspection methods require properly calibrated (each time used) equipment and a 
controlling reference standard to obtain reliable results. 

(1) Liquid Dye Penetrant. Inspection for large stress-corrosion or 
corrosion fatigue cracks on nonporous ferrous or nonferrous metals may be 
accomplished by the use of liquid dye penetrant processes. The dye applied to a 
clean metallic surface will enter small openings, such as cracks or fissures by
capillary action. After the dye has had an opportunity to be absorbed by any
surface discontinuities, the excess dye is removed and a developer is applied to 
the surface. The developer acts like a blotter and draws the dye from the 
cracks or fissures back to the surface of the part, giving visible indication of 
the location of any fault that is present on the surface. The magnitude of the 
fault is indicated by the quantity and rate of dye brought back to the surface 
by the developer. 

(2) Magnetic Particle Inspection. This method may be used for the 
detection of cracks or flaws on or near the surface of ferromagnetic metals 
(metals which are attracted by magnetism). A portion of the metal is 
magnetized, and finely divided magnetic particles (either in liquid suspension 
or dry) are applied to the object. Any surface faults will create 
discontinuities in the magnetic field and cause the particles to congregate on 
or above these imperfections, thus locating them. 

(3) Eddy Current Inspection. Eddy current testing (primarily low­
frequency) can be used to detect thinning due to corrosion and cracks in multi­
layered structures. Low frequency eddy current testing can also be used to some 
degree for detecting or estimating corrosion on the hidden side of aircraft 
skins because, when used with a reference standard, the thickness of material 
which has not corroded can be measured. Low frequency eddy current testing can 
be used for estimating corrosion in underlying structure because the eddy
currents will penetrate through into the second layer of material with 
sufficient sensitivity for approximate results. High-frequency eddy current 
testing is most appropriate for detection of cracks which penetrate the surface 
of the structure on which the eddy current probe can be applied (including flat 
surfaces and holes). 

(4) X-Ray Inspection. X-ray inspection has somewhat limited use for 
the detection of corrosion because it is difficult to obtain the sensitivity
required to detect minor or moderate corrosion. Briefly, x-ray works by passing
high energy rays generated by an x-ray machine through the material being
inspected. This exposes the special film placed on the opposite side of the 
material. Areas of high density are indicated on the film as underexposed 
areas, while areas of 1ow density are indicated on the film as overexposed 
areas. Proper interpretation of the film will indicate whether defects are 
present. Moderate to servere corrosion or cracks can be detected using x-ray 
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inspection. However this method, like other NDI methods, requires a qualified 
and certified operator to obtain reliable results. 

(5) Ultrasonic Inspection. Ultrasonic testing provides a sensitive 
detection capability for corrosion damage when access is available to a surface 
with a continuous bulk of material exposed to the corrosion. Ultrasonic 
inspection is commonly used to detect exfoliation, stress-corrosion cracks, and 
general material thinning. Ultrasonic digital thickness gages are not reliable 
for determining moderate or severe damage prior to removing the corrosion. 
Highly trained personnel should conduct the examination if any useful 
information is to be derived from the indicating devices. 

(6) Acoustic Emission Testing. This method using heat-generated 
emissions can be used to detect corrosion and moisture in adhesive-bonded metal 
honeycomb structures. Acoustic emission testing can detect corrosion initiation 
as well as advanced corrosion. 

505.-599. RESERVED. 
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