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Foreword

The Naval Air Systems Command (Mr, A, J. Koury AIR-411B4) initiated a proxram at
Bendi F:eld Fngineering Corporation under Coatract N62269-74-C-01GS for tie gen-
eration of this document. Before considering the topics treated in this study, it would
be well to devote a moment to the research methods employed and something of what
the research in itself revealed to the study group.

Two information sources werc sought: (1) published material from secondary sources
to take advantage of what is already known and docymented in the literature, an

. (2) primary sources derived {rom-our activities and ¢cxperiences within the Beadix

rield Engineering Corporation,

Essentfally, the secondary sources did not prove to be as fruitful or pertinent as had
geaerally been enticipated prior to the initiation of the actual search, and what was
vacovored was widely dispersed. In view of the time constraints involved, this did oot
work 0 our advantage.

The relative searcity of published information on the corrosion problem pertinent to
avionics (or electronics in general) versus that relating to the fields of metaliuryy,
chenical engineening, etc., may have the following explanation. For many ycars, the
corrosipn cngincer has been concerned with preventing the corrosive degradat:un of
large structures, The protection of bridges, tunnels, ships, huildings, storage tanks,
and oil and gpas pipelines has occupied, and-will continue to vccupy, a large portion of
is investigative etforts and talents. Recently, however, the corrosion engincer hus
become increasinply involved in the prevention of corrosion in electronics equipment,
The essential difference between corrosion problems in large structures and c¢orro-
sfon attacking avionic equipment is that minute corrosion products that could degrade
or disalLle complicated electronic equipment would go unnoticed on large mechanicai
structiires., However, the fundamental corrosion processes and associated remedial

measures are the same whether the corrosion occurs in avionic equipment or a

bridge.

Accordingly, the long-cstablished '"in-housc' experience of the Bendix Field
Engince:ing Comoration in overhaul and rchabilitution services for electronic and
electromechanical systems and subsyvstems, including airbome electronics and instru-

mentation (FAA Certification Number 1-21-21), was drawn upon as an important initial
resource,

looking further, the Bendix background in many arcus of corrosion phenomena and
corrosion control proves to be quite extensive, Our detailed specifications, impie-
mented by depot-level muintenance teams, are responsible for the cosmetic and
corrosion control program for NASA's worldwide tracking network. The investigu-
tions and recommendations on stress corrosion, concentration cell activity, sealing
anodic coatings, new protective coatings, ctc,, for the tracking stations are
sccomplished by these corrosion control personnel,

lmcham G. Baker, "Corrosion and I'lating Problems in Electronic Equipmeant for the
sor avunications Industry' (Murray Hill, N,J,: Bell Lahoratories).
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We estubiished an instrumented corrosion test site in Bermuda and wrute the manual
on corrosial conirol for the Manned Space Flight Network, It was first printed as
Goddard Space Flight Center Manual ME-305, later issued as CR-1492, anc suibse-
quentlyv was published by the U.S, Department of Commerce Clearinghouse jor
Federal Scientific and Technical Information as N70-21420.

Likewise, a significant source of information was the Advanced Technology l.uboratory
which was established at our facilities in Columbia, Marviand, for the repair and
refurbishing of NASA modules and printed circuitry (Including etching, gold piating,
and potting).

Lastly, the Bendix Flight Operations Group (based at Chesapeake Park, Maryland)
which, since the early 60's, has maintained and operated, worldwide, a fleet of
instrumented aircraft for NASA, was brought into the project to contribute their fund
of knowledge of nvionics corrosion control based on years of operational experience
fo varied geographical environments in both hemispheres.
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Section 1
AVIONICS CORROSION (GENERAL)

The objectives of this report are to offer to the Navy a limited study of some of the
problems and possible solutions associated with avionics corrosion control that could
be the basis of a manual devoted to that subject. A much more detailed {nvestization
would be required to prodice a manual containing those procedures that, whea con-
scientiously implemented, would economically extend life eycles, reduce downtimes
and mission degradations, reduce or eliminate total failures, and expand safety
margins. This investigation would consequently require additional funding and
additional tiime for acconmplishn=at,

Corrosive attack on avicmcs material can result in devastating effects on communica-
tions and navigation equipinent performance, Typical end results of corrosive attacks
oa avionics equipment include such effects as these:

® Aatenna g-stems: shorts or changes in circuit constants,

® Chassis, housings, or mounting frames: infected with contamination, pitted, loss
of fiaish.

@ Mechanical or electrical tuning linkage; motor contacts: intermittent operation or
preventing frequency selection.,

Water traps: from excessive moisture forming at a faster rate than evaporation
tinw.

Relay systems: corroded contacts, mechanical action, coil, solder joints.
Plugs, connectors, jacks: may corrode, short, and become inoperablc.
Malti-pin cable connectors: corroded wire, pins, contacts, shells.
Cables: disintegrating insulation, corroded wires, connections.

Pilot lamps: corroded sockets, contacts, lamp bases,

Waveguide: preseance of moisture, internal pitting; also joints, effectiveness
of gaskets, {inish.

A. EFYECTS OF ENVIRONMENT

The cnvivonment. material, and protection of eyuipment determine corrosion rates.
Avionic vauipment subjected to long periods of temperature changes with humidity,
whether uniisod or operating, 1requently develops deterioration and failure from the
effect of moisture and fungus growth. When fungus appears, the adverse concition
produced by mowsture is intensified. Continuous warm, damp air causes condensation

of atmospheric moisture within equipment, Condensed moisture forms electrical
leakage paths wiuch cesult in cormsion.

The rate of corrosion on any specific metal varies because of temperature, humidity,
and chiemicals in the surmounding cnvironment.  Variations of the intensity of these
factors-have grentampact-on-tire rate-of corrosfon. Ferrous-metals-exposed to-arctic
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amd antarcte temperatiees with the absence of fluid clectrolvtes show practicsily o
corfusion. T anse expnsed o a dry desert type of environrneat show a very iow cor-
vosion raic. Of all common poliutants, sodium chloride found at seacoast (nxrsn)
environnents is the most destructive,

Differeaces in electroivte concentration and oxygen concentration promote corrosion.
Corrosior: does not appeéar in the absence of moisture. Pur2 water is rot particularly
effective as an electrolyte, and corrosion results very slowly in a medium of pure
water. However, as water is adulterated with dissolved salts, or particular.y acids,
the rate of corrosion is significantly accclerated. Dissolved carbon dioxide from the
air {carbonic acid) increuses the conductivity of water and therefore creates a cor-
rosive atmosphere. From the above, it becomes obvious that in a cort{nuously dry
atmosphere, corrosion will not develop.

Corrosior associated with ationics 1s mainly clectrochemical in nature. Three
tagredicats are required: an electrolyte, a material to act as an anode, and another
to act as a cathode, The electrolyvte is the medium in which jonization occurs. The
electrons flow from anode to cathode through a metallic path. The loss of metal is
always at the anode, Anodic reactions are always oxidation reactions which tend to
destroy the a.ode metal by causing it to go into solution as fons or %o reveit 16 a com-
bianed statc as an oxide., Corrosion occurs at the rate which an electrical current —
corrosion driving current —can get through the corroding system. The driving cur-
rent level is determined by the existing electrode potentials.

Galvanic corrosion is the disintegrytion of the annde ia a galvanic couple. A closed
slectrical path through two connected dissimilar metals joined by an electrolyte
occurs in cadless variations and provides some very rapid corrosion rates. A dif-
ferencc of patential between two metils when coupled by an electrolyte forms a
miniature cell with an anode (metal loss, corrosion) and cathode (protected area).
Many such corrosion areas are, in effect, small cells or batteries; hence the term
galvanic, [f the area of the cathode is significantly greater than that of the arode,
the corrosive attick on the contact area of the anode may be greatly intensified. Whea
a contiaual supply of rust is provided by some external source (for example, holts,
ete.), unsecaled or partially sealed aluminum or ziac coatings are severely attacked.
Zinc - ad aluminum are-sirongly anodic to iron.

Once started, corrosion does not procecd at a uniform rate. Other factors must be
considered that atso contribute to the corrosion problems. For the environment to
succend i its destructive effort, there must exist materials or equipment that were
ma-ufaciired or have hecome valnerable to atmospheric attack. Included in this
categu.) are dissimiiar metids that ereate electrolytic action; poor surface prepara-
tion foi putechive feasaes; deteetive, fasullicient, or porous finishes; accumuliated
wil, salis, water, icdustrinl fumes, masture, or contaminated air; and dumaged
protectine Ginishies,  Siaee moisture tends to collect, it becomes obvious that a
frequent, Jdetaled mepection program, with fmmediate corrective activity as required,
will retaed amd in many instinees eliminite corrusive action., The task becornics
relutively sqple witn frequent eleaning, elimination of moisture traps, and the
fmmediate implenicntation ol minor repairs to preclude major overhauls,
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B, LSCRIPTION AND IDENTIFICARION OF DETERIORATION

TYPES OF CORROSION ‘

All the varieties of corrosion attack that occur are not pertinent to this study, which

{s restricted to corrosion attack upon avionic equipment. For example, this report

s not concerned either with low-temperature corrosion of econom.izers and greheaters
ia large oil-fired boilers or with high-temperature corrosion, which occurs without
the fanuliar electrolyte. Howev er, there are many forms of electrochemicil cor-
rosion that are quite pertineat to this report, Those that do have an impact are
detailed and illustrated as follows:

e Uniform attack corrosion is characterized by a general disappearance or
dissolving -of a metal surface due to acidic or oxidizing conditions; it is a general,
uniform wasting away of the surface. It is not necessary to have two diffcrent
metals or a galvanic couple to huve corrosion, The electrical driving force
corrosion current can be present in a single metal, The microscopic anovdic and

. cathodic areas on the exposcd surface of a metal fluctuate and produce a uniform

corrosiol. unless any of the anodie or cathodic areas are stabilized; {n this
instance, severe local corrosion or pitting results.

® Prefcreatial or selective corrosion {s exemplified by the loss of one of th¢ metals
of an alloy. The corrosion process begins when one element in an alloy becomes
anodic to the other and is preferentially attucked. Typical would be the slow

§~’ disappearance of zinc from a zinc copper alloy (brass); while this phenomenon is

: seldom seen, it can be disastrous because the porous copper mass, depleted of

zinc (its alloying agent), has little strength,

® Local corrosion is a pitting type of electrochemical deterioration. One major
causc of locai corrosion is a mpture in the protective coating. The exposed

3 metal is stabilized as the anode, and the surrounding metal or the corrosion

i products act as the cathode,

e Cavitation, once thought to be caused hy poor metal alloys and to result from the
f:nplosive forces of very small collapsing bubbles, now {8 believed to resuit from
Ligh-frequency vibration, implosive stress, and chemical action. A combination
of the action aguents creates a faster deterioration than the resultant of the single

] acdons would indicate.

®  Fratting corrosion scems (0 be a follow-on action of mechanical fretting caused
by an oscillating or vibrating motion of small amplitude between two closely
fitting surfaces: it has also been called friction oxidation.

- ®  Siress vorrosion, which can lead to stress corrosion cracking of metal, is a
separ.te eatezory of metal failure; it is not a straight mechanical failure because
its orizin is not entively mechanical, It is thought to be a combination of
electrochemical and mechanical action,

® Galvamc corrosion is the disintegration of the anode in a galvanic couple, A
clused clectrical fiat through two dissimilar metals joined by an electrolyte
occurs in endless variatons aand provides some very rapid corrosion rates.

® Conccatration cell corrosion occurs when differentia) oxygen concentration cells
or-differential metil jon-concentmtion cells uttempt-to-balance-concentrution
differences. Barrviers o the drards tronsfusion of oxygen create the differential
of oXvun concenttutiog,  Fhe wow oxvgen area is anodic ‘o the high oxygen urea

1-3
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1f an eluctruivte on a metal contains more metal ions at one point than.at anbuier,
metal eawers the elecirolyte in the form of ions where the ion conceatration is
low. This form of corrosion may be more familiarly known as 'crevice
corrosion, "

Intergranular corrosion is corrosion: action that takes place in the grain
boundary areas of certain types of metal. It is generally thought of ace stress
corrosion cracking; however, although intergranular corrosion is encouraged by
stresses, it is not necessarily caused by stress. The corrosion usuaily starts
at the surface in the anodic arcas and penetrates the metal, then proceecds prob-
ably as an oxygen concentration cell type corrosion; the end result ¢an oaly be
deterioration o. structural failure,

Trunsgranular corrosion, as the name implies, cuts across or through the
grawn structure and is not limited to following grain boundaries. The pattern of
t runspranular corrosion is callud the tree effect where growth proceeds by
branching. This is stress corrosion and only tensile-stresses are effective in
prmomoting the damage. The.cxact correlation between environments and this
type of corrvsion has eluded rvesearchers thus far. There iscstill much contro-
versy about the manner of propagation. One theory advances electrnche:nical

action only, and another proposes cyclical electrochemical and mechanical
efforts.

CORROSION EFFECTS ON VARIOUS METALS

Each structural metal or alloy has a certain propensity to corrode in a givea caviron-
men'. The endless combinations of metals, alloys, and environments make composiag
a total corrosion prolile of even one alloy a gigantic task. A profile of the currosion
resistance of a single metial or allov can be correctly plotted only after testin;: ull the
metallic variations 1 the total range:of all envirciiments. It can be seen at once that
such cnmiplete test‘ng would be endless, requiring enormous juaatities of money,

time, and professional people; theretore, it is uareasonable.

However, enormous quantities of data on the cormsion of metals are available as a
resu’t of researci and industrial product development work, The {nterpretation and
propet application of the data determine the success of a corrosion control program,

Ferrous Metals — Once started, rusting does not procced at a uniform rate. The
fanmi:liar reddish brown rust on stecl is a mixture of hydrated iron oxides.
Depending upon the amount of pollution in the atmosphere and the composition of
the steel, this oxide film is more or less protective. Of all the common pol-
iutants, sodium ciloride, found in seacoast environments, is the greatest
destrover of the protectiveness of the rust film on carhon steel. Oxides of
sulfur are a poor secord to sodium chloride. \hen both pollutants are ncurly
absent, the corrosion of steel is not significant; a rust film forms and assumes
a protective nature, Tron gnd steel are normally not attacked by alkalis, which
in fact protect thie surface very well, Strangely enough, iron and steel arc

&ls0 not attavhexi by concentrated sulluric acid and concentrated hydrochloric
acid. Thi= i proved by the fact that concentrated sulfuric acid is transported in
steel mill deumas, llm\c\cr. it is a diffcreat story with all acids where water
16 preseat, Dilute sulfurice acid, dilute hydmchloric neid, and dilute nitric acid
all attach steel very rapidly indeed, the two former acids bubhling away merrily
with hy dmym 2ns, which is cvolved during the reaction, It §8 fairly obvious,
then, whs xmm ibaetd o & batlers causey such havoe,
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Aluminum — Aluminum is b:mcau) a very reactive metal, much morc so than
iron., Yet xt coes not read:ly corrode. The reason for this is that the metal 1s
coverad almost mstant,mééusl_v with a minutely thin {film of aluminuin oxide,
which .s completely aonporous and which excludes air from coatacting the suitace.
This means that aluminum products are very resistant to extremely polluted air,
and alummum products last virtually forever. Their positions in the galvanic
ssries indicate that al uminum is anodic to steel. One would therefore expect that
if steel were coupled together with aluminuri, the aluminum would corrode and
the steel would be left intact, Unfortunately this is-not true., In practicé, under
most conditions, contact with aluminum makes steel rust much more rapidly than
it would if ft were left alone, The reason is that the surface of the aluminum is
80 strongly oxidized that there is no longer an aluminum/steel couple but one of
aluminum oxide/steel instead. \Vith such a ctuple, the steel-becomes very
anodic and rusts away very quickly. Therefore, never use aluminum as a pro-
tector for steel. It does not work., Use zinc or cadmium instead.

Whilc aluminum surfaces are remarkably free from any likelihood of corrosioa,
the same is'not true conceming hidden crevices. These corrode very rapdly
indeed, especially if the aluminum is coupled with copper or a copper alloy.

Aluminum must never be kept in cotitact with even very slightly alkaline solutions
that are uninhibited becausc in such contact aluminum is destroyed very rapidly.
Never have aluminum in contact with-caustic soda, washing soda, or lime.

One of the most harinful materials when in contact with aluminum is mercury or
any of its salts, Mercury forms a compound with aluminum called-aluminum
amalgam. DBecause the aluminum in the compound is finely divided, it is
immediately attacked by the oxygen in the air., A white powder is fornied
rapidly, and the aluminum becmnes very hot, More aluminum dissolves in the
mercury and also oxidizes. Whiakers of the aluminum oxide are formed at a
visible rate. Once mercury or a mercury salt has come into contact with
aluminum, there is virtually nothing onc can do to stop the aluminum from cor-

roding away except to remove every trace of the top surface of aluminum
amalgam.

Another chemical which must never come into contact with alumioum is carbon
tetruchloride. \When aluminum is in contact with this solvent, a violent chemical
reaction occurs which can be quite. dangerous. Chloroform reacts with aluminum
in a rather similar way,

Aluminum {s also attacked by strong acids, but it can be safely used with weaker
acids such as vinegar, lemon juice, ete,

In geaeral, aluminum and its alloys exhibit a wide range of corrosive attack,
varving from gencral etching of aluminum surfaces to penetrating attacks
alony the internal xrain boundaries of the metal, The corrosion products of
aluminum are seen as white to gray, powdery deposits,

Copper and Copper Alloys = Copper is well known as being the most harmful
metal with which to couple iron, steel, or alinost any other metal, The reason
for this is that it {8 so very cathodic, which :acans that it is able to get rid of
hydrogen ions and clectrons that flow to it from the other metals during the
corrosion process, but it is not affected itself.

Copper and its alloys ure generally corrosion-resistant, although the products

.of corrogive. nttack on eopper are commonly known., Sometimes copper or copper

o
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alloy surfuces tarish to a dull gray-green color and the surface may rema.c
relatively smooth, The discoloration is the result of the formatioa of a fine-
grainad, airtight copper oxide crust, called a patina. This patina in itseld
offers pood protection for the underlyving metal in ordinary situations, iiowever,
exposure of copper and copper alloys to moisture or salt spray causes the
formation of blue or green salts indicating active corrosion.

Even very dilute nitric acid attacks copper vigorously. To remove the surface
tamishing from copper, a good method is to dip the object into dilute nitric acid
solution, followed by very thorough washing in warm water, Copper is also
strongly attacked bv ammonia solution, Apart from thése instances, coppur is
virtually corrosion-proof, and therc is no need to coat It, Like copper itsclf, the
various copper alloys, which are the bronzes (copper/tin) and the brasses
(copper/zinc), are free from corrosion troubles. In fact, the alloys hehave like
copper itself in most respects,

Care should he -exercised when dealing with copper, brass, or bronze installa~

tions, It is not the copper that onc has to worry about, but any iron, steel, or

alunaum in contact with it. Corrosion of such metals in contact with copper
is extreme unless care is taken to exclude all air from the copper to stop the
cathodic reaction, The-copper should be thoroughly taped with a bituminized
tape to exclude air from it. The iron, steel, or aluminum surface, on the other

hand, should be kept completely uncovered; otherwise severe crevice corrosifon
may occur,

Magnesium — Magaesfum is even lighter than aluminum, a metal which it ciosely
resembles, Because magnesium is so light and yet so strong, it is nowaduys
used for many purposes-in aircraft. Miagnesium is fairly corrosion-resistunt in
normal fresh water and in clean air, but it must not be used outside in dirty and
polluted air unless it is well painted. Salt water is death to magnesium, whick
is attacked by it very rapidly. Also, like.aluminum, magnesium is prone to
crevice corrosion ara stress cracking under corrosive conditions,

Magnesium is one of the most anodic metals existing, This indicates that it
should acver be coupled with any other metal hecause the second metal will
inevitably be cathodic to it, Aluminum is virtually the only metal to which
magnesium can be safely joined.

If magnesium must be joined to copper or steel, instead of a - direct coanection
an irsulated connection should be 11rade, It has been found that joining of
magnesium is-often better done by glucing than by normal mechanical methods
invoiving screwing or bolting. The glue to be used is a two-pot epoxy resin
which is very wugh after hardening,

Magnesium should never be brought into contact with even dilute acids.
Sinularly, nuignesium-is severely corroded by boiling water. On the otacr hand,

unhle alumium, magnesium can be kept in contact with cold and dilute alkali
sulutions without undue trouble,

Magacesium corrusion pruducts are white and quite large when compared to the
size of the hase metal being corroded. The deposits have a tendency to Le
slightiv rai-, wnd the corrosion spreads rupidly. When white, puffy arcus
arediscove pezon niagnesium, prompt attention is required, because the
corrusion 1.a) penetrate entirely through the structure in a very short time,
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Nichel ~ Nickel has excecllent corrosion resibtance in all forms ol water, inc! i
tag scuwater, and in contact with aimost all other substances except matesials
havinyg dr stic action, such as nitric acid. ' However, care must be tahen when
jolniaz nickel to other metals because severe corrosion cells may form, causing
the ad)oining metal to corrode away. Nickel/aluminum and nickel/steel couples
should be avoided, but nickel can be joined without any ill effects to copper,
brass, oronze, lead, tin, and zin¢.

Nickel is also used as a protective agent, both in the form of electroplutvd coat-
ings and as an alloving constituent. Nickel plate protects by forming an actual,
physical, noncorrosive barrier. Electroplated coatings are somewhat porous.
and corrosion-eventually starts at those pores or pinholes unless a supplemen-
tary coating is applied and maintained. Nickel-based alloys such as Inconel
geaerally have good corrosion-resistant qualities. Thelr corrosion products
appear as a green, powdery deposit,

Silver — Silver does not normally corrode in the accepted sense, hut it is tar-
nished by: hyvdrogen sulfide and other sulfur-containing gases and solid muterials.
In a typically polluted atmosphere, silver-objects become dulled by sulfur
compounds in the rir. The tarnish i{s only minutely thin, so that very little silver
is lost when the tarnish is polished off by any standard silver polish.

Stainless Steel — The theory behind stainless steel {s that when steel with a high
proportion of chromium is used in a corrosive atmosphere, the chromium
beocomes oxidized to a very tough and well adhering surface film. The film
effectively protects the rest of the metal against rusting. This is in contrast to
the iron oxide on the surface of normal sieel, which is very porous and also
flakes off easily, so that it is not very effective in protecting the metal
underneath.

If the surface chromium oxide film wears off or becomes torn off, the metal
underneath still does not corrode. It simply forms another layer of protective
chmmlum oxide film-on its surface, Inthis way the protection given s perma-

aent, not like chromium plaiing, which-starts rusting severely once a pinhole
is formed in it.

It is possible for stainless steel to rust. If it is kept in water which is deficieat
in oxygen, such as polluted river water or even some seawater, corrosiun an
oocur, because there may be some positions where the adhereri and protecfive
oxide film has a pinhole or two. Normally, in air or water wlich has plenty of
dissolved oxy gen, such pinholes are not important, because the underlying
chromium becomes oxidized and continues to protect the metal undemeath.,
However, if there is no oxygen in the water, there is trouble: The surrouading
well-oxiaizod chromijum/iron laver then acts as a cathode, and very rapid cor-
rosion tahes place. Although onc would cxpect stainless steel to be very cathedic
whea in contact with normal steel, its rust-inducing action is only very slight.

If the surface arca of stainless steel coupled to normal steel §s comparatively

amall, it mahes little difference in the rate at which the steel rusts.

Therciore, it makes sense, for instance, for cars to use stainless stecl for
bumpers, headlamp cowlings, and other brightwork, as the stainless steel does
not gencraliv cause corrosion in the mild steel in contact with it. This is in
marked ¢odtrast to chromium-plated parts, which induce very rapid ¢irrosion
on neighbhoiing stcel pressings. The reason for this is that the actual amount of
chromium-uscd for commercial plating is quite small. Chromium plating

-1
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consists .uainly of copper aad mcl\ex, both of which are very corrusive ia contact
with i1on and steel.

Apart from the specialized cases of the corrosion of stainless stécl in water
which is starved of oxygen and in some chemical solutions with which the reader
is unlikely to come into contact very often, stainless steel is a material with
exce:.lent corrosion resistance, It.lasts virtually forever, even in the filthiest
atmosphere and in contact with quite corrosive solutions, However, ttuinless
steels (300100 series) are subject to intergranular corrosion primarily necause
of improper heat treatment, There is also some tendency toward local corro-
sion or pitting in a marine environment, the 300 scries being more resistant in
this environment than the 400 series. Corrosion becomes apparent by the rough
surface:it creates, or it sometimes appcars as red, brown, or black stains.

Cadmium — Cadmium is used as a conting to protect the part to which it is
applied and to provide a compatible surface when the part is in contact with

other materials, The cadmium plate supplies sacrificial protection to the under-
1ym5 metal because of its greater activity. That is, during the time it is pro-
tecting the base metal, the cadmium is being intentionally consumed. The
cadmium beconies anodic and is attacked first, leaving the base metal free of
corrosion. Attack is evident by white to brown to black mottling of the cadmium
surfaces. This, however, does not indicate deterioration of the base metal.

Until the characteristic colors peculiar to the corrosfou of the base metal appear,
the cadmium is still performing its protective function.

Chromium ~- Chromium is also used as a protective agent, as an electroplated
coatiny, and as an alloving constituent with iron in stainless steels. It is
subject to pitting attack in chloride environments. Chromium, being cathodic

W steel, does-not corrode itself, but promotes rusting of steel where pits occur
in the coating.

OTHER FORMS OF CURROSION

Before ending the general discussion on avionics corrosion, it is necessary to briefly

discuss the other forms of corrvsion that can cause significant problems to modem
i electronic or avionic systems.

Corrosion Caused by Microorganisms — Microbial attack was first recognized as
a significant problem during World War II. Because of their complexity, modern
clectronic systems are more susceptible to damage fiom microbial. attack than
earlier sy stems were, Microbial attack, as the term is used in this report,
includes actions of bacterma, fungi, and molds.

Microorganisms occur almost everywhere, and they outnumber all other types

of iving orzanisms. The organisms causing the greatest corrosion proviems.
are bacteria and fungt.

Bacteria may be either acrobic or anaerobic. Aerobic bacteria require cxygen
to live. These hacteria may accelerate corrosion by oxidiziaz ammonia t, pro-
duce mtrie acid,  Aerobic buacteria living adjacent to metals may sromoate cor-
rosion by depleting the axvigen supply or by releasing metabolfc producis.
Aaacrubic baeteria, on the other hand, can survive only when [rez oxviea 1s not
preseat, The nu.-mholism of these bucteria requires-them . ootain-patt of their
sistenanee be onidizing inorganic compounds such as iron. sulfur, hydiogen,
aitrozen, and cirlun monoxide, The resultunt chemical reactions cause corrosion,

i .___,......___J
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" Fungus i» the growth of microorganisms that feed on organic materials and gea-
' eraily take the form of molds, rusts, mildews, smuts, ete.

While low humidity does not kill microbes, it slows their growth so that they
simply subsist but do no damage. Ideal growth conditions for most micro-
organisms are temperatures between 68° and 104°F and relative humidity
between 85 and 100 perceat.

It was formerly thought that fungal attack could be-prevented by applying mois-
tureproofing coatings to nutrient mat *~ial or by-dirving the interiors of compart-
ments with desiccants. It is now knou. that some microorganisms rer:uin in
spore form for long periods, even under extremely dry conditions. Furihermore,
many electrical insulating varnishes and some moistureproofing coatings are
attacked by mold, bacteria} or other microbes, especially if the surfaces oa
which they are used are contaminated.

Dirt, dust, and other airborne contaminants are the least recognized contributors
to microbial attack. Usually unnoticed, even small amounts of airborne debris
may be sufficient to promote fungal growth,

. Damage resulting from microblal growth can occur when any of three basic
‘mochanisms or a combination of these mechaaisms is brought into play. First,
fungus is damp and has a tendency to hold moisture, which contributes t cther
forms of corrosion such as electrochemical corrosion., Second, because fungt
are living organisms they nced food to survive. This food is usually obtained by
the dccomposition of the material on which the fungus is growing. Third, the
microorganism secretes corrosive fluids that attack many materials, including
metais.

Optical dcvices can be damaged by micrvorganisms. Lens coatings arc extremely
susceptible to fungal attack, which may take any of three forms: a spidzr-web,
a flat starfish shape which leaves a milky stain, or minute circular spots that
e:xch the-glass.

Under proper atmospheric conditions, fungi may grow on almost any surface,
including: fiber, laminated plastics, molded plastics, cotton, linen, paper and
ellulose derivatives, wood, leather, glass, wax, metals, and soldered juints,

® Normal Oxidation — Normal oxidation of metals is a common form of chemical
attack that occurs at all temperatures., For this reason, metals that are easily
corroded should not be used when maximum conductivity is required (as in fab-
ricating contacts). If base metals are used for contacts, they should be plated
with onc¢ of ‘the noble metals.

e Corrosive Vapor Attack — Corrosive vapors may result from outgassing
{decomposition)- of plastics or other organic materials, or from the presence of
corrusive materials in the atmospherc. Some organic materials that produce
corrusive vapors include:

® Adhesives — Ureaformaldehyde, Phenol Formaldehyde
Gaskets — Neoprene/Asbestos, Resin/Cork

Scalers — Polysulfide, Epoxy

Insulation — Vinyl, Polyvinylchloride

Stecving = Viay!, Polyvinylchloride, Silicone

Tubing - Neoprene, Shrinkable
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8@ Plas.ics —Mclamine, ABS, Phenolic
8 Varaish — Vinyi, Alkyd

® Sulécer Flux Corrosion — Solder fluxes may contribute to chemical attack. The !
exact nature of solder flux is not known, but oxide removal and increased solder
fluidity are achieved when solder flux is used. Only noncorrosive, nonactivated
solder fluxes such as type \V of MIL-F-14256 should be used,

Residues from activated fluxes can degrade circuitry by (1) corroding soider
joints on nearby regions-where flux fumes may settle or (2) reducing insulation
resistance. Deposition of flux on relay contacts and oth.er mechanical components
can cause serious problems within a system.

e Corrusion Caused by Insects and Animals — Dumage to electronic equipment may
be caused by insccts and/or animals, c¢specially in tropical environments.
Equipment in storage is most susceptible to this type of attack since insects or
animals may enter through vent holes or tears in packaging. Once inside, the
animals build nests, which tend to absorb moisture. This moisture, plus
excretions from the animals or insects may cause corrosion or deterioration
that goes unnoticed until the equipment {s put to use and a faflure occurs. Another
type of damage may occur when electrical insulation, ete., is food for the

fnsects. Once bare wiring is-exposed; more areas for corrosion and shorting
are available.

ADDITIONAL CORROSION INFORMATION

The subject of corrosion in generals treated in Section I of Technical Manual

NAVAIR 01-1A-309 Aireraft Weapons Svstems Cleaning and Corrosion Contrel, dated
March 1972, "
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Section 2
PREVENTIVE MAINTENANCE

Fundamcnta! to the preventive maintenance aspects of an avionics corrosion contrml
program is the practice of frequent inspuections snd spot checks of the equipment by
personnel familiar with the detection, analysis, and treatment of corrosion. Of
coursc, the frequency and scope of inspection will be goveraed by the deployment
situation of the aircraft, .

The three major followup items of the overall corrosion control program after in-
fnspection are these:

¢ Cleaning

e Trcatment

e Protection

Considering the preventive maintenance approach to the corrosion problem —~ thuse
steps tuken before, not after the fact — the following are the common countermeasures:
¢ Cleaning

Water displacing

Protecti-e coatings

Potting compounds and sealants

Preserving

Last!y, proper approaches to storage, handling, and shipping of equizment wnu cuom-
ponecnts must be observed to pr. -ide adequate protection until the units are nack in
service.

Treatmeat and protection of avionic equipment already corrosion-damaged is covered
in section 3 of this report,
A. CLEANING

GENERAL

In the cormsion control preventive maintenance program, cleaning 18 the first logical
action step to be initiated following inspection and anslysis of the quantitics usne! dij. -
tribution of corusion products, dirt, or other contaminants found oa the equipment,

In fact, lack of cleaning is responsible for the initiation of a majority of corrosion
prublenmis in-avionic cquipment,

While the civaning process is fundamental th the chemical corrosion contro!l prohlem
in itseit, geaneral cleanliness is, from a broader view, highly importunt in maintain-
fog the functional integrity of elcctronic systems, Dirt may exhibit either of two
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properties: it mav be conductive or iasuiating. As a conductor, it may provide an
undusired eicecmical paths as an insulator, it may interfere with the proper opuration
of clectrien! contacts, for exanmiple,

Contamination may begin early in the life of equipment, and it may be traceable as
far back as the manufacturing process, where it is subjected to considerable handling.
Improper packaging materials can also contaminate, During installatiors and initial
use, external material may settle or transfer; with time, environmental secimenta-
tion may occur from such causative agents as reactive gases in polluted air or such
accretions as oxide films can develop from the reaction of base metals with oxygen

fa clean air,

Dy definition, cleaning is a broad term covering the methods and materials necessary
to remove contaminants from a surface. The degree of cleariiness required s gov-
erncd in general by the tvpe and function of the equipment, by the type of service
conditions to which it will be subjecied, and by what further treatment will foliow

the cleaning process. Fundamentally, the material composition awd condition of tie
surfaces to be cleaned determine the techniques employed in the initial cleaning
process. Standard techniques range from mild to increasingly severe, as appropri-
ate; in every instaice the mildest practicable method should be employed,

Depending upon operational requirements and the severity of the contamination prob-
lem, scveral courses of action are open: local treatment at the organizationu-evel,
at the intermediatedevel, and depot-level maintenance in ¢ cleaning iacility, or a
combination-of these,

ORGANIZATIONAL MAINTENANCE

It is recopnized that certain constraints may cxist on the degree and frequency of
preveative maintenance that can be performed at the user level due to operational
comntitments, uaavailubility of cquipment, or other limitations. However, us a
very minimum measure, hand cleaning methods can be applied to all accessible
arcas of cquipment removed-froin service, using Freon cleaners! and a hrush or a
clean, drv, lint-free cloth. A 50-50 mixture of isopropyl alcohol and distilied water
is aiso a pood cleanmnyg agent for use at the organizational level, A soft eraser can
be uscful for the removal of fingerprints and tarnish-type deposits, These ¢leaning
operations should be followed by the application of low-pressure (30 psi), drv air,
taking cire not to drive loosened contaminants farther into the units, Refer o
section 4 for a listing of the more common cleaning agents and their applications.

After being cleaned, bonding straps, shock mounts, connector plugs, cables, und
wiring should veeeive a followup inspection for condition and mechanical security.
Particular attention must be directed to the periordic inspection of the aireratt
antenna systems and their associaled components for cleanliness, security, aad
condition, Cleanhavss and positive contact capabilities of plugs, receptacles, or
oticr tvpes of conneetors linking the elements of the antennas are important consid-
erations. All accessible components of each antemux, including the transmission
lines, shwunl be wiped elean of divt and moisture in the course of the inspection
process, Aatenna problems are treated more specifically in section 3,

1

Note, however, thiat Freon cleaners cun dissolve certain conformal coatings.
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Removal of fungus (by alcohol) should not be overlooked. Fungud aceelerates corro-
sion through .e rbsorption of moisture, Moreover, fungus can act as an elcctrolyte,
destroying the resistance of electrical insulating surfaces. By keeping équipmen:
clean and dry, these problems can be minimized. Cloths that have been contaminated
during the fungus-cleaning process should be discarded.

INTERMEDIATE- AND DEPOT-LEVEL MAINTENANCE

If, despite a concerted maintenance program, it is determined that a persistent
contamination problem still exists, when feasible, a prudent decision may be to

make use of the capabilities of an equipment cleaning/refurbishment factlity cquipped
specifically for this purpose and staffed by specialists in the field, where more elavo-
rate mechaaical, chemical, or electrochemical cleaning methods are availahlc,

Intermediate- and depot-level cleaning operations ordinarily are staged and employ a
varicty of apparatus aot practical for use at the organizational level,

It is customary to dedicate one area to precleaning functions and to utilize hoth
mechanical and chemical techniques for application of treatments (after stripping) to
the heavier mechanical elements of the avionic systems, such as covers, chassis,
housings, etc. Mechanical methods serve to remove all particulate types of coatami-
aation through the use of power brushing, abrasive wheel grinding, and various forms
of blasting, with sand, vapor grit, or glass head. Chemical treatment consists of
processes involving acid- and base-type (alkaline) cleaners. Such items as a highiv
caustic clcaner for ferrous alloys, inhibited.alkaline cleaner for aluminum alioys,
pzssivation (nitric acid) for stainless steels, and nitric acid baths for aluminum

‘cleaning, plus the ususl muriatic and phosphorous acid cleaning solutions, may be
employed.

Followiny the above processcs, equipments are employed for agitation washing, using
solveat and/or water pressure to remove shop contamination. These equipments can

range {rom simple dip tanks to multistage machines performing several cleaning
aad processing operations automatically.

At the depot level, the delicate electronic assemblies, subassemblies, modules, etc.,
are ideally processed in a clean.room —controlled environment area. Cleaning
equipmient could ordinarily be expected to include ultrasonic cleaning equipment of the
water-detergent and solvent types, and a vapor degreasing cleaning system using
fluorocarbon solvents such as Freon TF, Vapor degreasing is an efficient method -
widely used for clcaning electronic parts. The component being treated is suspended

in a chanmber that allows the rapors of a heated solvent to condense on its surface,
thereby flushing it clean,

o

Ultrasonic cleaning is 2 most effective method, entailing immersion of the part in an
ultrasonicually agitated solveat bath, Becausc high energy is imparted to the solvent,
contaminants are rapidly and easily dislodged from even difficult-to-reach areas; a
very strong scrulising action takes place, More specifically, a sonic cleaner con-
verts elcetrical energy at an ultrasovnie frequency into mechanical sound energy for
cleaning and performing other functions within a stainless steel cleaning chamber,
The ultrasonic clectrical eneryy is supplicd by an electronig-generator that muy
deJiver over one kilowatt of power, Parts to be cleaned are placed in baskets and
ir: nersed in the cleaning solution, The magnetostrictive transducers, powered by

e mr . - e
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the uitrasonic generator, produce cavitation in the cleaning solution, und the excep-
tiona! cleaning uaiities of sonic enerpgy cleaners arve the result of the impluding or
scrubbing action on the surface of the part being cleaned.

It is ct.siomary practice o incorporate i rinse unit into the cleaning system to remove
the last vestiges of contaminant from the parts, and a dryer to dry the rinse water off
the cleaneci parts ;0 that thev may be then assembled or stored., The cleaninyg system
ordinarilv has a fiiter to remove solid particles of contaminant from the cleaning
liquid to prolong its useful life and regulate the temperature of the solution,

The choice of solution to be used follows the general rule that the cleaning solution
must be a good solvent of the carrier that holds the contaminant to the part being
cleaned. Water-base detergents are commonly employed with these systems. The
ususl water-base cleaning solutions contain up to 2 percent by volume of various con-
‘stituents added to water., The action of these components may be either to remove the
contaminaat by detergeat action or to attuck the corrosion on metal parts chenucaliv,
Cleaning solutions of the latter type usually have inhibitors added to thera to prevent
chemical action (ctching) on the base metal of the part to he cleaned. A third type of
cleanern this category dissolves organic waxes, greases, and oils that may be hold-
ing grit or shop dirt to the surface of the part,

Organic solvents are usually used in sonic cleaning equipment when a suftable water-
base detergent cannot be found to dissolve the contaminaat from the parts:in ali
stages of handlling.

The cleaning station of t e controlled-environment arca should be equipped also with
electrecleaning ‘clectroplating equipment. Electrolytic cleaning is the process of
degreastag or descaling metai by making it an electrode In a suitable bath, Equipment
for vlectroplating and metal "put-on' operntions is capable of performing sclective
amodizing, ciectopolishing, ctching, metal removal, and deburring, simply by
reversing the direction of the electrical current flow from the power supply,

Each major step of the cleaning process should be under the monitorship of a quality
assurance program to ensure proper compliance with established procedures.

B. WATER DISPLACING

Whea equipiment is cleaned by immersion or flushing techniques, all water must be
removed. This can be accomplished by the application of clean, dry, compressed
atr, possibly followed by a sprav-dry, water-displacemeant compound, and finally
oven dxving to espel any remalning moisture,

A standi n? ultva-thin-film water-displacement compound is MIL~C-81309A. This is
a water-dispincmz, corrosion-prevention compound and lubricant that is particulirly
effective o certinn components such as hinges, clectrical connectors, fasteners, and:
microswitehes.  Because it offors only short-term protection, it should be reapplied

perivhically = weehlv on outside exposed surfaces, monthly on equipment protectud
from outsule envirunnonts,

Another uitra-thin-film water-displacing compound for corrosion control, carried in
the DOD lides of Speeifications and Standards along with MIL-C=81309A, is
MIi.-C-00s13091, .
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Diffecrent recommended dreving temperawres are to be found in the technica! documivats
studivd, the highest noted being 160°F (T. 0O, 12-1-3) for 2 or 3 hours, withk an addi-
tional hour added to the drying time for each 10° oven temperature below 160°F,
Another source — MIL-T-152B ~ specities 60°C (140°F), not to exceed 3 hours. It is
the practice of the Beadix Advanced Technology Laboratory (engaged in the refurbish-
ment of NASA electronic modules) to operate their ovens at 65°C (149°F) duriag
normal davtime operations andat 30°C (12°F) if the units. are to be left to dr. over-
night. In any eveant, the drying cyele should not exceed that specified by the applicabic
technical order, technical manual, or bulletin covering the equipmient.

If ovens are not available, a small room equipped with heaters. and an exhaust fan
1 might serve as a subatitute under certain conditions, However, to be effective, the
temperature of the room must cxceed the ambient temperature by at least 30°F.

| - C. PROTECTIVE COATINGS o

GENERAL

Coatings may serve numcrous functions, but in general the two most important ones
are to provide high electrical insulution betwecn conductors, interconnections, con:-
ponents, and other electrical parts, and to-provide protection from eavironmental
damage. Scvere environmental conditions necessitating protection include moasture,
heat, sait spray, oxygen, radiation, microorganisms, chemicals, and solvents, ¢
Coatings applicd to electronic assemblies, modules, and printed circuits protect
against corrosion by acting as moisture and gas barriers,

DU L ekt

CIRCUIT BOARD- COATINGS

Polyurethancs, cprxies, silicones, and polystyrenes are the most commonly used

coatings for circiut baord coatings. The choice of cuating material {s largely

determined by the operating and storage requirements of the circuit boards them-

selves, (The silicones are most suitable for high-temperature applications, for

examvle.) From the standpoint of reworkability (and since we are concerned :n this

3 scction with preventive maintenance, this is important) polyurethanes gre outstunding.
For adhesion :nd resistance to moisture, epoxies are unsurpassad,

Milftary Specification MIL-I-46058 classifies the four generic types of circuit board
coatings as tollows:

® Type ER — Fpoxy resin

® Tyvpe PUR —Polvurethane resin
® Type SR — Silicone

¢ Tvype 'O olystyrene

5 2%amos J. Licanm, Rlastic Coatings for Ilcctonics (New York: McGraw Hill Co.,
3 1970), ) ) ’ Tt T T
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Typ«s It and PUR are coafings for generai-purpose applications, while type SRt is
usefu. for high-temperature applications, and type PO is used when low dielectric ivss
18 impor:iant,

Application of a conformal coating greatly improves the reliability of-an electronic
asscmbly, It has been demonstrated that otherwisc unprotected units will often fail
if exposed to unfavorable environments because of the invasion of moisture, a loss
of fasulation properties, electrical shorts, und the effects of corrosion,

An uncoated circuit board can develop excessive corrosion on components, solder, and
conductor lines after a mere 2 davs of exposure at 95 percent relative humidity, The
same board, coated with 1.5 mils of polvurethane, shows no signs of enrrosiog and
passes all required clectrical tests after 6 months in a 95 percent humidity chamber.
There is also a muvked distinction between the corrosive efiects on an uncoatud

circuit board that has been exposed to 50 hours of sdlt spray as contrasted to one that
has been protected by a 1-mil polyurethane coatirig and subjected to the same
conditions,

COATING METAL. SURFACES

Coatings are applied to metal surfaces to provide the ‘necessury protection fro:: eor-
rogive etfeots of the surrounding medium. Different metals corrode in differct

ways according to the nature of the metal itself and the eavironments to which tnev are
exposcd. In most instances, elevated temperatures accelerate the corrosion prucess,
With either chemical or electrochanical corrosion, mosture is a necessary condition
in alniost every case. Therefore, the moisturc-barrier or moisture-resistunce
propertics.of a protective coating are extremcly important,

Fortunately, inorganic oxide films normally form on many metals stored in iir; these
oxide DNilms ave quite passive, and the effect of their presence is to slow down or pre-
vent further deterioration of the metal, In other cases, it {s possible to produce
artificial, inorganic coatings that provide the same protection; these chemical-

conve rsion cuatines: are films formed through the reuction of oxygen, chromates,
phosrhates, or other chemicals, Common anodized forms of passive films were
formed by clectrochemical methods. However, for extremely harsh enviroaments

or for long-term cxposure, organic coatings are applied over these conversion
coatings, to form an extremely effective barrier system. For this purpose, lucqyuers,
bahing cnaeels, and uphly resistant epoxies, vinyls, polyurethanes, and silicones
are often entpioved.

PROTECTIVLE COATINGS FOR ELECTRICAI, CONNECTIONS

Electricai connections may be protected apainst moisture, corrosfon, and damage
from meetal particles by the application of a strippable polyurethane coating, A
typical commercial compound of this type is PR 1532, manufactured by Products
Rescarch Covporation. It {8 applicd to a thickness of approximately 1/16 inch
minbmumn,

Becuise o) the probability that components will have to be replaced. in_the coursc of
gervice Tile of alivost any electronie equipment, some thought must always be given
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tu the rem valality of anv cumpounds used to coat the electrical connections, lore- } *
over, the roaoval technique must be one that does little or no damage to ad:.cent

componcnts, surfaces, and markings. The polyurethanes are popular becausc ihev |
arc tiermoplastic and, therefore, can he melted in local areas with a hot soidering "
jron, In general, removal by solvents is not practical because of the time involved

and otiver considerations.
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D, POTTING COMPOUNDS AND SEALANTS

By definition, potting is a process for encasing a part, or an assembly of discrete

parts. within a protective material that is generally cver 100 mils thick, may var.

in thickness, and fills connecting areas within an assembiy. It requires a mold or

coatainer to confine the compound while it is curing. In contrast, encapsulation is

a process of cncasing with a protective material that is not over 100 miis thick, is ;
vaiform, and does not require a mold or container for application, ;

Where severe moisture conditions are to be encountered in service, it may be ncces-
sary to moistureproof ordinary electrical connectors by the application of a sealing
compound, The exclusion of nioisture guards against corrosion and, additionally, the
potting process protects. against contamination by aircraft liquids, sand, dust, and
conductive particles that-can reduce: the dielectric characteristics of the connector
which, in turn, could lead'to arcing-over at the back of the pins, The sealant
likewise provides mcchanical reinforcement for the wiring against the effects of
vibration or other forces,

Iy ah n anah e Sibiobaatdnbiagie i iUl Cttatic iRt i N i A LA

Against the advantages of sealing, certain disadvantages of potted connectors with
which the user-must contend should be cited:

3 ® Single-wire replacement is either difficult or impossible; for this reason, itis
] standard prictice to provide short wire leads (maximum gauge, 6 inches

minimuzn length) to any unused pins for substitution purposes, or to allow for the
addition of circuits,

[ 3 Ceonain potting compounds are not suitable for use at temperatures in excess of
$5°C in electronic ¢quipment,

® T'he scalingprocess {8 critical regarding compound mixing and application and
usually calls for maintenance personnol skilled in these techniques.

Potting procedures aure thoroughly documented by technical orders published by

the militarv sevviees and NASA; e, ., NAVAIR 01-1A-505 (USAF T.O., 1-1A-14),
Section X, "Fleetrie Connector Sealing, " and various types of sealing compounds are
defined and referenced by the following specifications:

o ‘MIL-S-S416 Sealing Compound, Synthetic Rubber, Electric Connectors and
1 . Electric Systems, Accclerator Required

o MIL-§-23356 Sealing Compound, Electrical, Silicone Rubber, Accelerator
! Required

o  MIL-I-16923 Insulating Compound, Ilectrical, Embedding

| ‘®  MIL-M-21041  Molding and Potting Compound, Chemically Cured Polyurethane
(Polyether Rased)

‘ ® MIL-1-81%0 Insulating Compound, Electrieal, Enbedding, Reversion
4 Resistant Silicone
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It is importine to note that when potting is used for environmental protection, extreme
care must be givea to the seicction of materials and processes used, to ensure that
the potting does not deteriorate in cither its chemical, physical, or electrical prop-
ertics under the specified system/equipment environment,

Potting compounds must not be applied in the ficld to microeleetronic and conventionul
elcctronie mudules or individual parts, Such potting applications, when pruacticed,

may only be carried out as part of the original, controlled, production process during
manufacture,

E. PRESERVING '
Certain zeneral guidelines must be observed in the preservation and packaging of
electronic components and assemblies to avoid corrosive contamination that may
occur as a result of attack by the packaging materials. themselves. Corrosion

-damage resulting from inndequate safeguards in packing can, in fact, contribute to a

significant number of corrosion problems that occur in.electronic equipment, aiong
with those produced by unfavorable operations environments.

The following are examples of contamination problems attributable to inappropriate

packaging:

e On many occasions, orgunic acids (generally acetic) have emanated from raw
wood usud in packing cases and caused severe corroston of equipment,

e Cecrtain cushioning materials often give off sulfurous or acidic vapors that attack.
silver, cadmium, and other metals; orgunic vapors, likewise, attack cadmium,
For exiampie, corrosion-of cadmium coatings has-been noted on cadmiurn, -plated
articles packed in direct contact with cardboard. Also, paper and cardhoucd not
specificallv designed for packaging clectronic hardware may emit vapors that
tamish silver and copper. Corrosion can be especially severe {f the contaner
materials become wet or are stored under conditions of high humidity.

® Fimally, special care should be taken to avoid enclosing incompatible
materials within a common:package or compartment,

Because certain contamination risks can and do exist in the packaging, storage, and
shipping processes, refurbished assemblies and components processed through a
clean-cavironment area are customarily encased in barrier media such as poly-
ethy ieae hags with a special interlocking closure feature (FSN 8105-837 geries), or
heat-sealad in joly ethylene plastic sheet (FSN 8135-579-6488) before leaving the

arcaior storage orshipping, These media offer dust protection, are highly water-
resistant, and muderately vapor-resgistant.

PRESERVATIVE APPLICATION CRITERIA

Contict preservitives can be useful when applied to metal surfaces ordinarily subject
to detrimental corrosion in anv form (orides, fulfides, ete.), but preservatives need

not be applicd to metal surfuces that-are inherently corrosion-resistant, such as the
following:

® Copper, niviel, chromium, brass, bronze, or other corrosion-resistant alloys

®  Metais plated or coated with chromium, silver, nickel, cadmium, zine, or tin

2-8




However, the previously cited packaging precautmns with certain metals shouid cva-
tinue to be observed,

Prescrvatives must not be applied to items that are vulnerable te these substinces.,
In avionic systems, these definitely include certain types of electromechanical, e¢lec-
trical, and electronic equipment and components such as capacitors, inductors,
elcctrlcal connectors, fuses, switches, circuit breakers, resistors, rectifiers,
transistors, diodes, PC boards, etc., In general, the prohibition of the use of pre-
ser\atives applics to any items that would suffer damage to their structure or niccha-
aism, or where malfunctioning or unsafe operational conditions would result from the
application or removal of the preservative compound,

F. STORAGE, HA.‘JDLIN’GJ AND SHIPDING

Any one of a number of conditions, such as a marine atmosphere, excessive moisture,
fadustrial pollution, chemical contaminants, etc., may be a.contributory factor in

the corrosion pivcess. Therefore, it is extrcmely important that storage arcas for
electronic vquipment and components be adequately heated, adequately ventilated, and

equipped with suitable racks and bins to minimize the damaging effects of these potea-
tially harmful corrosion-causing factors.

For instance, a damp storage area can he a source of considerable trouble froi the
corrosion aspect, and the worst effects of dampness occur in storuge areas wrere
wooden riachs and bins are used, \Vood absorbs and retains considerahble mo.st1re
that is released upon an increase in temperature, to the detriment of any equ:pr:cut.or
parts in contact with it. Moreover, damp wood may release acetic or formic ucid

through enzy me action and mold,” and this-can result in scvere corroxsion, For these
reasons, wooden shelving is not recommended,

Carboy's of acid should never be placed in cquipment storage areas where escaping
fumes could come into contuct with the material in storage,

Equipment handling should:be kept to a minimum because of damaging c¢ffects resulting
from perspiration, Corrosive chlorides deposited on a unit through various and'mg
operations can contribute more corrosive materials than any other single factor,

Items that have been processed through a controlled-environment facility should he
clean-pncked betore removal from the clean-environment area for either storage or
staging for shipment to the user., Fundamental to any successful shipiing operution is
the proper pacaaging of the equipment for its. mechanical and physical protection,

The methods emploved must protect not only the equipment itself but the-barricr media
as well: should the barrier pture, it may not continue to offer adequate corrusion
protection during the shipping cycle. Therefo ¢, cushjoning materials (or devices)
must be introdueed into the package to protect-che preservation components from
physical damage, The cushioning medium must be located in as close contact to the
ocontents as poasible to preveat flexible barrier rupture and free movement of the

allo:\\.a n! H, Manko, "Cleaners and Clcaning for Components and-Electronics,’ (Jersey
City, New deesev: Atpha Metals,, Ine. )
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stems withia eir rigid conwiners caused by transmission of shock and vibration
incurred in the shippine process. Cushioningand dunnage must be as clean aad drv
as practicablé, Depending upon the structure and mass of the item being snipped,
bloching and bracing may be required to prevent movement inside the container.

~

Virtually evenv exigeney: to be encounterced in the preparation of equipment for ship-
ment is coverced by Military Specification MIL~-P-116F, This document deiincates
three basic packaging methods plus submethcds — each designed to cope wath specific
requirements and conditions for protection against corrosion, mechanical and
physical damage, and other forms of deterioration. The specification also provides
appropriate inspection and test procedures to verify conformance with requircments,
For example, heut-sealed seams of the barrier material are-subject to streagth

tests; a Mcthod I package is subject to inspection for proper use of desiccants
(MIL-D-3464); etc.

e e . PR T T ST g

Worldng within MIL-P-116F, a shipping facility handling avionic/electronic equip- ,
ment commonly assembles packuging configurations around flexible water vipor- ?
proof barrier material (MIL-B-131E) that is hcat-sealed to form a protective cover '
enclosing the item being shipped., The wrapped unit is then encased in.a su:tahly

sized tiberboard carton (Federal Specification PPP-B~636) after being surrounded

by an adequate amount of cushioning material (dunnage). The shipping contaiger is
finally sealed with waterpr: ~f tape.
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Section 3
TREATMENTS AND PROTECTIVE COATINGS

A. STRUCTURAL AVIONIC COMPONENTS (EXTERNAL)

The effect of corrosion and corrosion products upon the internal components of
avionic equipment can be devastating and possibly catastrophic, and even though

most structural parts can withstand more severe attack than the internal componen:s,
corrosion of structural avionic components can cause destruction and possible failure
of what would otherwise be a perfectly serviceable piece of equipment. For example,
a tranamitter is:just so much excess weight if the antenna connected to it is lost or
destroyed Ly ‘Toirosion,

Structural component protective coatings are susceptible to abuse or inadvertent

damage by handling, accidental scratching or bruising, and ambient corrosion-

fnducing products (i.e., perspiration, hattery fumes, etc.). Since it is the function

of boxes, housings, chassia, and frames to enclose, protect, and secure the vital

fotermal components of any particular avionic unit, it is imperative that structural !
integrity be maintained. :

Speed and cleanliness are the watchwords to follow in inhibiting or correcting
corrosion before appreciable damage is done, As mentioned previously, structural
compoucnt protective finishes are subject to abrasive damage. Immediate repair
o the finish forestalls the initiation of corrosion, In the case of paint finishes,

the Nivy has simplifi~! the repair tremendously by adopting a compatible touch-up
paint aystem «which can be used with all present Naval paint systems. Reference

to NavPers 10310 B is suggested for procedures and use of this system which

consists of the application of epoxy-polyamide primer (MIL-P-23377B) and acrylic
lacquer topcoat (MIL-1.-81352).

PRIMERS

If a metal surface of cither clad or anodized aluminum or magnesium has heen
abraidicvd or sevatched, it should be given & chemical-conversion coating before it
is painted. If the orisinal surface is unpainted, the chemical-conversion coating
itsell 18 the protecting medium,

Again refenring to NavPers 103100, the Navy prescribes (at depot level) a sutisfuc-
tory conversion coating for aluminum using MIL~C-5641A and, for maznesium,
Chrome ichle (MIT=N=3171A, Type 1).

Additional suggested conversion coatings for magnesium are Dichromatic (M1L-M-

3171A, Type 3y Galvanic Anodize (MII-M-3171A, Type 4); Sealed-Chrome Pickle
MIL-)Mi-ii710, Type 2); Caustic Anodize (MIL-M~3171A, Type $); Anodize
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(MIL-N=432771: and Dilute Chronmuc Acid (MIL-M-3171B)., Military Specifica~
tion M1L-21=31711\ is peing revised and will include some additional treatments.
Two of the listed treatments will be decleted, The new military specification will
be MIL-M-317113 and will list as Type 1, Chrome Pickle treatment; Type II,
Chromic Acid Brush-On treatment; Type 111, Dichromate treatment: Type IV’,
Galvunic Anodizing treatment; Type {1, Anodizing treatment; Type VI, CR-22
treatment; and TYype V1, HAE treatments,

If the metal invoived is ferrous, a protective coating of zinc chromate is recom-
mended. 1If the surface is not conducive to the use of paint, a protective coatiny of
polur oil should be applied. Reapplication of the polar oil coating should be a part
of regular routine maintenonce, .

BOXLS AND HOUSINGS

Boxes and housings are meant to protect the avionic equipment contained therein.

This protection should not be construed to mean protection against mechanical

dam:ize oniy, but also against environmentil damage. They should be sealed s tightly
as practicable io prevent the admittance of dust, dirt, insects, vermin, and cor-~
rosive atmospheres,

Nevertheicss, despite all preventive and protective efforts,corrosion and/or fusgus
growth persists,

CLEANING AND CLEANING MEDIA

Since, in this scction, we are discussing structural components, mechanical re-
movil of the corvosion and corrosion products is probably the most practical
procedure to :dopt. Of course, always bear in mind that a severely corroded
part may require removal of so-great a quantity of metal that structural fajlure
becomes a possibility. In this event, replacement is the only alternative,

Depcading upon the area and depth of the corroded area, the removal medium may
range from a rubber eraser, toa fiberglass eraser, to aluminum wool, to nylon
webbing impreguited with aluminum oxide abrasive, to aluminum-oxide-abrasive-
coatcd paper or cloth, The use of aluminum-oxide grinding wheels, rotary files,
metallic or carbide serapers on heavy structural sections is conceivahle, hut not
likely in the eontext of avionic structural members, For clad aluminum, removal
of the pure alunnnum cladding is to be avoided, Rubbing or polishing of clad sur-

faces should e performed with nothing more abrasive than fine pumice or suitable
cleanaers,

After removal of the corrosion and corrosion procducts, the previously recom-
mended protective procedures should be followed,

Protective fininhes on aceess panels or covers are particularly susceptible to
mechanicil damage which, if left untreated, results in corrosion, In addition to
handhing dimaze, salts and moisture from perspiration deposited on the covers
also promote vorrosion, Detergent washing and air diying of covers after each
handling sive 1ccmumended procedures to-be followed if possible. When corrosion
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ocecurs, trueatment should be as previously described, Removable fasteners, u
attacked by corrosion, should be replaced.

A particular problem exists in the case of hinged covers. In most cases the hinge
pin is manufactured of a metal that differs from the metal of the hinge body,
creating a potential electrolytic cell. Frequent cleaning and lubrication are
suggested, In addition, a diaphragm seal should be applied to the exterior fuce.
This provides the twofold function of sealing the hinge lubricant from contamination
and in addition preventing the aspiration of dust and dirt into the box or housing.

COATINGS AND SEALANTS

Still another corrosion problem is present where covers and boxes or housings are
concovned, Fretting corrosion can occur where the covers impinge upon the com-
panion frame, To inhibit or prevent this form of corrosjon, if sufficient clearance
exiztx, a bulb-type seal can be installed around the perimeter of the opening, or,
if theve is insufficient clearance, a double layer of electrician's tape hetween the
cover and the frame serves very well, Again, two benefits accrue: fretting
corrosion is inhibited, and, by installing cither corrective treatment, a gasket is
formed which inhibits the infiltration of dust or dirt into the box or housing.

Chassis serve as mounting panels for most of the electronic components that
interconnect to form an avionic unit, They are also the primary targets of the
troubleshooting technician, Unfortunately, while a faulty electronic part is being
searched out and replacéd, the chassis is being handled, subjected to abrasion,
solder splash, and solder flux. If a box or cahinet is not sealed, the chassis, with
all its crevices, nooks, and crannies, is a collecting ground for infiltrating air-
borne contamination,

Frequent, thorough cleaning is imperative if corrosion is to he forestalled,
Cleaning processes reveal corrosion and/or fungus growth before it develops o
a eritical stage. Cleaning should be accomplished using vactium, low-pressure
dry aiv, brushing with a fine-bristle brush, and/or scraping with a nonmetallic
scraper,

When corrosion does oceur, its removal is mandatory, using the most gentle
methaiis compatible with the area and depth involved, and corrosion removal

must be followed immediately with restoration of the suiface protective coating(s)
as provioasiy deseribed.  Extreme care must be exercised, both during the clean-
fog opevation and during the conting restoration procedure, to ensure that no
corvasion praducts, oxidizing chemicals, or paint causes contamination of other
parts of the chassis or electronic components attached thereto.

HARD\WARE

Frames ancher ard support the various component assemblics that comprise an
avionie utit, Ay serving this function, ohbviously much of the frame is_hidden by
equipment, It is mandatory tiat irspection he perforracd as often as possible to
ascertain if hulden corrosmn. is eving awiay.. In.addition, hecause the frames.are
hidden, thev mahe oxeellent collecting aveas for dust and dirt, Frames are sub-
ject to fretling corrosion o niovers nt oecurs hecaue » of loose holt connections,

[
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Loose bojting ur stresses caused by bolting may also result in intergranular or
intercrystalline corrvosion. If dissimilar metals ave involved (for example, 1
steel boli assembly fastening an aluminum housing to an aluminum frame), ciec~
trochemical corrosion may occur. In the example of the steel bolt ussembly, the
bolt should be replaced with an aluminum alloy bolt, or it should be separated
from the aluminum with a nonmetallic insulator,

ANTENNAS *

One of the most, corrosion-prone components of avionics equipment, if not the
most corrosion-prone, is the antenna, Not only is it corrosion prone, but it is
frequently the last component to be suspecte:d in response to flight crew complaint.
Units pulled and bench tested and found to he operational may be retuimed and re-
installed, and the complaint may be chalked up to crew error, Frequently antenna
corrosion causes unit malfunction during inclement weather, yet during fair
weather, operation may be satisfactory.

Antenna and antenna-mount corrosion is especially common to pressurized aircraft,
and this is particularly true in lower-fusclage installations, It is inevitable that
moisiure will collect in the lower-bays. Condensation and spillage are two sources
of such moisture, The Bendix Avionics Division, in response to two complaints of
radio altimcter failure on 747 aircraft, found that leakage of toflet waste was one¢
of the contaminants in the lower fusclage bays, The Bendix Fleld Engineering
Corputrauion's Flight Operations Group reports that various liquid contaminants
found in the lower fuselage bay include water, oil, and hydraulic fluid, When the
aireralt is pressurized, these liquids are forced into any crack, crevice, or fitting
available, and there, waiting for destruction, is the inverted antenna bottom and
antcnna-mount {asteners, together with cable connectors.,

Another example of pressurized fuselage antenna failure reported by the Bendix
Flight Qperation’s Group involved a VHF dorsal fin communications antenna. Walk-
avouri! inspection indicated a *'like new'' eposy-coated unit, After several bench
checs of the communications equipment had disclosed no faults, the anteana was
dismantled. internally, it had been completely destroyed by corrosion.

The probtiem can be decreased considerably by two ateps: first, bed and seal

the antenna base, fasteners, and connectors thoroughly in a good quality sealer
such .as, Military Specification MIL~5-8302C, and/or Military Specification
MIL-8=sT85and ¥econd, fnspect frequently, hoth externally, and more fmportant
fnternally within the fuselage where the antenna Lase is exposed to the liquid '
contamin:nts that for m the eiectrolyte for corrosion,

The iower-fuselage antennas of nonpressurized aircraft are subject to the same
problems.  Corrosion just taies a little longer,

Upper-fusclage antenias, while not subject to having a base mounted in liquid
clectroivte, wre sull subject to infiltration of electrolyte through condensation
and aspiration,  Loop antennas bas e been cheeked and found to contain, or cven
be filled, with infiltrated clecirolyie, Apgain, it must be stressed: seal the

antenna when it is installed, and thoroughly and-constantly insnect-for- e
and Corrosien. Zhly ¢ y-inspect-for-infiltration
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Shock mounts are subject to many forms of corrosion, Frequent inspection and
clear.ag are important; corrective procedures previously described should he
followed. If severe corrosion occurs or if the tolerable shock mount strengths
have been exceeded or impaired, the mount should be replaced.

Gears, too, are subject to many forms of corrosion, not the least of which are
fretting, stress, and pitt{pg. Lubrication is a must, but contaminated grease and
ofl can harbor the electrolyte that initiates and continues corrosion. Corrosion
products can act as abrasives and can cause mechanical jamming.. Frequent
inspection, cleaning, and lubrication are mandatory. Unless it is severe, corrosion
on the nonbearing surfaces of gears may be removed and treated, using the pro-
cedures previously described; however, when corrosion attacks bearing surfaces,
immediate replacement should be initiated,

Councctors, while not necessarily describable as structural components, do
electrically cosnect electronic units housed within structural components. Becuusc
of their confiruration, in most cases they are difficult to tlean and difficult to keep
clean. Because of their function.that of completing an electrical circuit.a little
corrosion or fungus can create havoc within the avionic system. Because of the
frequency of fajlures traced to connector corrosion, Bendix Field Engineering
Corporation's Flight Operations Group has made connector inspection one of the
most repeated items on the inspection list. Cleaning and inhibiting corrosion by
using one of the dip cleaners described in section 2 i{s recommended. This main-
tenarce regimen applies to bulkhead connectors as well as unit connectors.

Potting is gzencrally considered a cure-all treatment for connectors; however,
expericnce has proved that corrosion can and does still occur. An unpotted con-

nector can be cleaned, but a potted connector usually must be replaced, which
can be a time-and labor-consuming operation,

Cable-corrosion occurs if cables are improperly protected; however, with use of
proper protection techniques, cahble corrosion can be virtually eliminated, Plastic
coverings prevent moisture from becoming emhedded within the cable insulation.
No cut end of cablc should ever be left oxposed. Through capillary action, or
gravity, moisture (electyolyte) can work well into the cable end. Conformal
coatings at exposcd connecrors are helpful, If nothing better is available, a
thorough wrapping with electrical tape should be applied,

A stringent and frequent inspection program, coupled with cleaning and corrosfon

removal and sestoration of protective coatings, not only forestalls expensive
replacement of units, nt also averts potential trouble,

B, AVIONIC COMPONENTS ANTERNAL)

GENERAL

A most uscful lool for the treatment for corrosion in internal avionic.componerts .is.

the human cye, Visual inspection can reveal the existence of corrosion and fungus

~
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in their inatial stages; whentreatment is relatively easy. When presence of cor-
rosion and fuagas is ignored, the results can be serious, Not only will an afiected
unit eveataally be destroyed, but its operation in the aircraft is meanwhile teing
degrudici. Degrading constituent units can slowly reduce overall sy$tem per-
formance through their cumulative marginal operating characteristiés, while

they muy bench-check individually to the minimum acceptable limits, As a pos-
sible consequence, consider a VOR or glide slope receiver presenting false
information to a pilot on an ILS approach,

Whenever equipment is removed from an aircraft for bench check and tepair, it
becomes the logical time to remove dust covers, boxes, and housings for a cor-
rosion check and treatment whenever appropriate.

Expericance has demonstrated that the location of the electronic units in the air-
craft has an eoffect as far as corrosion and fungus are concerned. Units placed in
the cargoe compartments and aft of the most rearward bulkhead (pressure dorac in
pressurized aircraft) have a tendency to have more severe internal problems tren
the anits mounted in radio racks in the cabin area, This [s hecause the cabin arcas
have a botter air-conditioning system; also the forced ventilation is much better,
Cool, dry air is the best environment for elecirenics,

Cleaning and corvosion removal techniques for internal components normally
range from mild to what may be termed the severest, as follows:

1. Clecancr (Freon) and brush
Rubber eraser

to
.

3. Abrasive pad, aluminum oxide impregnated
4. Aluminum oxitle cloth
5. Abrasive blast (on removed components only!)

An ideal system for the application of the abrasive-blast method to small modules
and components —becuse it can work into restricted spares——is one that uses

a gas-propelled stream of finely graded abrasive particles, closely controlled
by a precise tungster carbide nozzle, that is driven against the contaminated

or corracded surfiace. Material is removed by the impinging particles virtually
without sioch buecause of the low inertia of the particles, Propellant pressure
is varuible, as is the abrasive powder fecd, Where w mild action is desired,
glass beads are ased: alummum oxide powder ts employed when a stronger
abrasive aetion is recuived, Work with this iet unit is carried out in an exhaust
chaml o1 to vemove expended abrasive powder and loosened particles. The unit
1s veferenced in section 4, paragraph 13 of this report, "Tools and Equipment,

SPECIFIC COMPONENTS

Rotary switeher v'e commoniy encountered in avionic control pedestals and audio
boxes and e usually not covered, This lack of dust covering or housing of some
type aliows moisture ov dist to eolleet and hold collected moisture in the area of
the switch contacts, With this concentration of dust and moisture, fungus and
corrasion-hogins umil develons at & raphd vate, B
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Rotary switrhes require two cleanings: one to remove dirt and oil-base lubricants
from the mechanical assemblies and insulating materials, and the second a
brightener-type bath to remove oxidation from the electrical contacts, It is
extremely important that the brightener baths be completely removed with wuter;
otherwise the brightener bath will, in itself, produce severe corrosion, The
switches should then be thoroughly dried. If it is not convenient to use the bath,
somc good spray cleaners are avaflable in the Federal inventory, They should be
sprayed on the contact polats, then dried with forced air,

Little can be done to clean toggle-type switches or other semisealed types; if
corroded or otherwise damaged, they-zhould be replaced. Switch and switch-shaft
boots and seals can be used as necessary to prevent dirt and moisture from
accumulating, i ,
Multipia conncctors cause some of the most costly repairs in the avionic main-
tenance business. Bendix Flight Group operational history in this area shows
continuous problems with pressure-seal bhulkhead connectors, Moisture is forced
into the conncctor cases, and corrosion starts. Connectors have been completely
ruined by corrosion in less then 3 months. The only true repair in the area is to
replace the connector. Many forms of sealing and potting of connectors have heen
tried, and potting seems to be the best method; however, there are times in air-
craft maintenance when potting is undesirable, All avionic unit connectors should
be checked each time they are opened, There are too many different types or con-
nectors to list them all, but most of the procedures for cleaning serve for ali types.
Fungus ;rowth between connector pins and on connector insert material can cuuse
degradation in insulation resistance between pins, contribute to an incresse in
leakage currents, and possibly to the loss of signals caused by contact resistance
and arc-over hetween pins, These items generally suffer from severe corrosion
because of their physical locations, Those that show signs of corrosion may he
cleaned with dctergent bath, Beyond that, little can be done short of replacement.
Complete clcaning, thorough drying, and potting may he used to provide somc
degree of protection, Tube sockets also are a frequent source of problems; they
respond very well to the "'brightener treatment.

Corrosion of the silver-plated contact arms and mating surfaces of relays is often
caused by exposure to salt atmosphere and other hostile environments. All relays
of the open-construction type should be inspected whenever the equipment is being
scrviced, During equipment refurbishment, varnish may accidentally be depositer)
on the armature, pivots, or similar components and may cause the relays to bind.
The whoie relay should be carefully masked until after the spraying has been com-
plcted. A brush should bhe used to coat the coils and leads after the masking has

been removed. Relays with palladium-tipped contacts should be removed entirely
before application of varaish to a unit,

Relays requive special treatment, They may be cleaned with the detergent buth
to remove dust and dirt. However, contacts at best may be burnished with an
appropriate tool, never filed or sanded to present a “clean” appearance., Filing
or sunding the points removes the hard plating and exposes the soft hase mctal,
A relay so treated will perform for only a short period of time. 1f burnishing
docs not clean the contact, replace the relay to provide dependable operation,
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Assuming the contact points can be cleaned and all other components of the reiay
are in worsing order, the relay windings can be cleaned and then coated with
varanish (MIiL-\'-173), Usually corrosion in the-relay warrants replacement,

Older avionic units have very few plug-in moculea, but the newer state-of-the-art
elecironics components are almost exclusively designed and manufactured svith
plug-in modules and printed circuit boards, The boards are ordinarily coated
during manufacture, thereby minimizing corrosion and fungus problems during use,
The major problems have been with the connectors between boards or between chassis
and boards. Pluz-in modules and printed circuit boards must be handled id2cording
to the discrete comp.onents they contain, Generally speaking, they respond very
well to the detergent bath, rinse, and dry process, or the previously describedd
metho.i of blasting paticles at supersonic speed from a very small nozzle, After
cleaning, uefective components may be replaced and repal:'s may be made, When
work is completed, the entire board can be given a light coat of moisture fungus
proofing (MFP) varnish from an acrosol can. (Contact fingers must be masked;, )

Units so treated present a good appearance and are protected from further dirt and
corrosion,

Capacitor covers and tube covers must be handled according to the type of material,
Severcly corroded covers shouid be replaced, but covers with minor surface cor-
rosfon can be cleaned by the aforementioned conventional methods and protected
with a corrosion preventive, Nost covers are of aluminum construction; other
materials should be handled in a manner appropriate to their types,

Waveguides are aluminum material with a chemical corrosion-preventive coating
on the inside, painted on the outside, Generally, the condition of the waveguide
is uniform throuzhout its leagth, including the flanges. Small amounts of corrosion

can be removed, at depot level, with an acid bath, Severely corroded waveguides
must be replaced,

Generally, wiring ctin he adequately cleaned with the detergent bath, Wires
that «re damaged can be replaced individually, Entire harnesses muay he re-

place itin scvere cases, MPF may be applied to the exterior surfaces of wires
and v1ving harnesses to prevent further corrosion,
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MATERIALS & EQUIPMENT

A. CONSUMABLES LIST

Table 4-1 is a listing of the more common consumables, Including abrasives,
erasers, special coatings, preservatives, solvents, lint-free cloths, cleaners,
polishes, ctc, This list is not intended to be a complete list of materials required
for a corrosion control program.

Table 4-1. Materials Used in Corrosion Control

Federai stock

Nomenchature Specification 1 intended LUse
Number

Ahrasive Paper, $350-543-3600
Muminum Oxide
Abrasive Mat, Aum- MiL-A-9962 . 5350-967-5049 Removal of superficial corrusion
mum Oxidde Abrastve veryFine, 5350-967-5093 products and for paint scuffing

Fine, Medium 5350-967-5092 | . prior to touchup.
Abposave Wheel Nalon Minnesota Mining 5345-732-9977
Web, Aiuminuny & Mig. Co. 53345-712-9978
Oxides Abrasive Unitized 5$345-732-9988

& Reinforced $345-732-9949

Wheels §345-732-3166

or

Coated Abrasive

Div. of Norton Co,

Unificd and

Reinfovced

7 “1)00‘48‘

MIL-W-341319
Veohel, thyl, © MIL.-A-009) 6810-250~080% To clean vrubber and as thinner
Speenally Denatured for MIL-C-4418,
AN .
\leohei, Isopropt 6565-205-6513 General-puipose cleaning when

mixed with water,

VMuminum woul MIL-A-48G4 $350-286-4851 Corvosion removal from alum-

inum surfaces (ahrasive mit
is preferred).




—

T F

Table 4-1.

Materials Used in Corrosion Control (Cont. )

Nomenclature Specification Federal Stock Intended Use
Number
Barrier Material, MIL-B-131, 8134-202-0568 | For sealing dnd masking where
Walev-\apor Class | | - water-vapor resistanc< is re-
Proof, Flexible quired and for shrom:m;_.
Barvier Material, MIL-B-121, 8135-121-0938 For masking in cleaning, paint
Greaseproof, Type 1, Grade I, removal operations, etc,
Waterprvof Class ) \
Brush, \cid H-B-G43 7920-814-2417 For applying acld misture,.
Swabbing
Brush, Wire, Scratch 7920-514-0234 Remoral of corrosion products, -
AMuninum
Cleaning Compounid, MIL-C-25769 6350-935-0996 Gener: ' purpose clcaning.
Awveraft surfuce, 6350-935- 0993
Aliaaine Waterbase
Coating Compounid 8030-120-5977 Coating of electrica! circutt
Magmolia Magthond boards, encapsulating, und
a» potting.
Coating Compount, MIL-C-5514 6030-0432-2425 Treatment of aireraft metals
Metal i cttcatment, prior to application of. urimer.
Resin Acid
Coating, Corrosion MIL-C-31705 8030-104-7743 Prevention of corrotinn on '
Resistant aluminum and sluminun: alloys.
Coating, Coarrosiom MIL-C-554) §030-323-8039 Corrosion preventive for
Prevoentive aluminum anl aluminum aljor s,
Compownl, Corrosion MIL-C-81309 "8030-935-1947 Used as vate) displacirg cor-
Preventive rosion-preventive comnound
and lubricant,
Compawnl, Cot1oggon MUL-C-16173 8030-062-6950 Prevention anid arrest of cor -
Proyventive rosion on copper, hinss, zine,
cudmium, magnesium, steel,
or aluminum,
Cloth, Cleaning CCC-C-46 T920-401-n034 Lint-free cloth used for JJusting,
wiping,or washing,
Clata, Clo e, nnpn=C-i30 7920~535-0549 | Removal of divt amnd rust from
Cheme My L eatend clectrical contact surfaces.
Corvocion Pr.vent v, MIL-C-150%.1 §030-66-4-4017 Removal of fingerprint residuss

Fingerpnt Bemos oy

and temporary preseivative for
metallic items,
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Tahle 4-1. Materials Used in Carrosion Control (Cont. )

Nomenclature

Specification

Preservatve

Metal Con nfionet
and Rust Removad

Methvl-Fthyl-
Ketone

Methvi=jeoyt-
Ketone

MIL-M-10374,
Type 11}

TT-M-261

TT-M-268

Federal Stock ' Intended Use
Nuinber
“Corrasion Removing MIL-C-38334 80850-527-2420 Remova! of corrosion {rom
Compownd Prejuint sluminum surfaces prinr to
painting,
Corrosion Removing MIL-C-14460, 6850-550-5365 | Removalof rust and scule
Compoun! Type ! from ferrous items by immer-
sion or electrolytic action,
Detergent, Mctal Rendix DIRL- 7930-157-9843 For use.in cltrasonic cleaning
Cleaner TF1813 equipment.
Detergent, Nontonie MIL-C-16701 7330-728~4143 Generail -purpnse Jetergent use:d
in prepuring cle:ning solutiuns,
Enamel, Alkyd TT-E-529, 8010-297-058 | General-purpose alr-irying
Class A semigloss enamel
Enamel, Miyd ‘TT-¥-489, 4010-515-159¢ | General-purpnse sir-drying
Class A . -full gloss enamel,
Fnamel, \lkyd TT-E-527, 8010-297-0567 Gencral-purpose air-irying
Class \ lusteriess enamel,
Enamel. Fsterior, MIL-E-15038 8010-079-.2455 For marine weather surfaces
Vinyl Alkyvd or others subjected to extreme
. dampriess.
Enamel, Gloss MIL-E-7720 8010-297-2096 Highly weather-resistant
Type | enamel,
Fthvi Acetate, TT-F-751 6810-062-693%4 Stripping paint in confine:)
Technica! locations.
Fthvlene Glveol MiL-Y.-9500 6810-865-2055 For use in organic coutings.
Inculating Compoun |, MiL-1-48038\: (410 - Molsture- and fungue=ruistnt
Ficetrieal fom Uaating 1.OBUAL1200" coating for clectrical ciquipiment
Printed Civeurt Tatds and for use an 4 clear couting
on'conpar,
Lubrication « M1, \VV-1.-400 9G-95150-258- Lubrication and protection of
Gency i P iwese, 0075

6850-201-1218

6810-281-2785

6610-285-37R5

| Coating thinner and wipe

»iano hinges, ete,

Nemoval of rust from: ferrous
metals and to provide « shignt
etching action to promote
adihesion of protective coatings,

cleaner for metal surfaces.

Coating thinner and wine
cleaner for met:l surfaces,

. e ]t b s o i
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Table 4-1. Materials Used in Cortosion Controi (Cont,

Nomonciature Specitication Federal Stock It d Use
; Number .
Naphtha, Aliphatic TT-N-98, | 68202364113 | acrytic pinstie cleaner
Type I ! and wipe-down clcaner of
., mew] surfaces.
Naphtha, Aromatie T*-.\'-M. Type 1, 6810-223-9089 _‘Bare metal cleaner ang Daiat
GCrade B thianer,
Nitrice Acid O«N-350 6810-222-9655 Used in chemical treatment
- solutions,
Poitsh, Metal M!L-P-8888 7930-287-1224 Liquid fine abrasive polish
for aluminum,
Polish, Metal MIL-M-22185 7830-634-1364 Cleuner and polish use:i on
steel and othér surfaces.
Primer Coatirg, MIL-C-38336 {: 8010-7%7-8856 Used on stec! surfaces thot
Inorganic, Zine recelve severe cxposure to
the environment,
Primer, Zine Mil-5-8588, 8010-209-8034 Primer for metal surfaces,
Chromate Color T, 8010~835-21 414
Color ¥
Pumice, Ground, $§-p-821 $350-161-9033 Removal of corrosion und
Abrusive staina from thin metal,
R2g, Cotton DDLD-R-30 7920-295-3571 General wiping purposes,
Remover, Paint MIL~R=25134 - 8010-815-2970 Removal of puint finienes
ang 1 aeque s from metal surfaces,
Sealing Commundg £030-934-1538 Sculunt/adhesive for inatry-
ments end accessories in
ajreraft,
Seating Conmpoundd 8030-4314-9032 Corrosion inhibiter,
Sealing Compouml MIL-S-8518 8030-%41-2018 Fur reiafarcing huck of con-
nectors againmt vibration,
Protection ag:inst liquids,
gases, dust, and metalljc
objects,
Sadium Dichromate 0)=5=-598 6810-262-K566 {"sed in ehemiea) corrnsion
treatment solutions,
Solvent, Safoty Mil,-N-14714 G850-597-9765 To clean metal surfacen,
Tagw, Prossyre- MiL-T=24142 8030-NS1T, For dissimilar metal scpucation,
Sensitive .
Comuct Tleaner AMI.-55%

Bemoval of dirt, oil, grease,

ste., from elccts icn) contacty,

4-4
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Table 4-1, Materials Used in Corrosion Controi (Cont. )

Compound

Contact Cleaner
Type A

“Contact Cle et
snd-Labricamt
Type B

\MS-230-Contact
Re-Ny, Co Con-
~ tact cleaner
~ lectron 13

GC Spra Klcen
Tuner Cleaner
and Lubricant
Spray No,

1333 Llectronic
Contuct Cleaner
lubricant Spray
No, 1326

Nomenclature speeification Federal Stock Intended Use
Number _
Tape. Pressure- Ur-T-108 7510-290-2021 For paint mnkli'\g operation,
Seasitive 1/2e, 4, 2 7510-243-0612
: ’ ) 7510-266-6694
Thinner, Dope and TT-T-2068 3010-160-5786 | Thinne? for ctliulose-nitrate
Lacguer . tlopes and Iacquer.
Trichlovocthane 0-T-620 6810-664-0273 Inhibiter liquid salvent for
clcaning and degreasing
electrical equipment,
Varnish MIL-V=173 8010-510-7494 Moisture and fungus resistant
varnish for electricul equipment,
Water Dusplacing 0-\v-001284 6350-142-9339 Removes water {rom electronic

equipment,

Removal of dirt, ofl, grease,
ozide film, eotc,, from electiical
comacts (lubricant not requires),

Removal of dust, dir, oil,
grease, oxide film, ete., from
electrical comtacts (lunricant
required),

Table 4-2 i3 a partial list of consumable materials used in Bendix Field Enginecer-
ing Corporation’s Advanced Technology Laboratory in Columbia, Maryland. This
laboritory is involved in the repair and refurbishing of NASA modules and

circuitry.

Table 4-2, Corrosion Control Materials Used in
Advanced Technology Laboratory

Electro Clean
3425\ 11=-0010
Erascer

7510-R.\2-0539

Fraser

7810-634~-5035

“Spaon=TF

DU PONT
6830-X221-5907

Seloctron (SCM-=410)

Eberhard Fiber (37103)

Eberhard Faber (80244)

Trichlorotrifivoro Ethane
DU PONT
5850-R70-5222

~Gold Solution
_Selectron (SPS-535)
'6810-X40-8790

Paint Stripper
Chemical Products Co.
8010-X44-7683

| Varnish, Protective

Miller Stevenson Chemical Co.
(MS=450) MIL-V-173

T |
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Table 4-2. Corrosion Control Materials Used in
Advanced Technology Laboratory (Cont.)

*Dab" — All-purpose cream cleaner

Copper (Alkaline) Solution
Selectron (SPS-530) ~

Cotton and Cotton Swabs
6510-201~4000

Copper (iligh-Speed Acid) Solution
Selectron (SPS-526)

Activating Solution No. 2
— (SCN =430
6850-X:13-154

Baking Soda
Armor (*1348)
8950-292-9611

Brush, Acid, Swabbing

7920-223-8005

7920-514-2417
Crystal Ciean (Krylon)
Rorden, inc,

Peel vCont

Delta Chemical Corp.
8030-RC2~0052

Lacquers

Lacquer Thinders
"Twinkle" Cream for Silver
Dow Cleaner

Isopropy! Alcohol
~— (TT-]-735)

San-Del #2 Technical Cleaner
M. P, Odell Co.

1169-A Insulating Lacquer Base
Denflex

1169-B Insulating Lacquer Activator
Deriflex

B. CORROSION REMOVAL AND CLEANING TOOLS

Table -3 18 a _artial listing of the more generally used tools and equipment. 1t is
not intenued to be a complete list of tools and equipment required in a corrosion

control program,
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Table 4-3

Corrosion Removal and Cleaning Tools and Equipment

Kit, \ietal Lientafi -
cation

Rit, irapection
Peret: it

Magnet

Mg, IN

Sprayv e, tlemer

spravang Unsit,
Pratiad Mowted,
120 Gal.

Airhrasive t it

Foade Curvet Vest
Set

S oger, Pamt,
! oot

AT Dwg 61125042

MIL=-1-25125

GG-M=93,
Type 11§

MIL-C-~112,
Type MA-1

S. S, White Inlustrial
Moiel N

Magmaflux Corp,
Model TM-120

Red Deval {02

1920-431-5932

6550-42(,-0951

5999-426-47214

8450-510-1100

4910-567-9559

4910-141-3717

6645-071-0033

2130-331-0123

. Nomenclature Specification Federal Stoek Intended Use
Number
Apron, \cul and AF Dwg 51C3606 9415-753-6419 Personnel protection.
Fuel Resistunt
Driit, Preumatic 00-D-~631 5130-839-9009 | Mechanical removal of
corrosion
Funnel, Cres,, 1 Pt, RR-F-3500 7240-426~-0525 To facilitate pouring.
Glovis, Rubher, 127-G-331 4415-266-8677 Personnel! protection,
Size 19
Goggles, Safety 6G-G-531 4240-276-7343 Personne) protection,
Grimier, Pacumatic 00-G~669 $130-221-0492 Mechanical removal of

corrosion,

Identification of metals anvi
surface treatments,

T'o reveal surface rlefects in
metala.

Testing for ferrous alloys.

Viewing ald.

30-gatlon portable ar-nietiyure-

type spray unit for applving
cleaning solvtions.

For application of cleanin,;
compour.ds,

Removal of corrosion producis,

Identifying metals by con-
ductivity measurements,

Paint softener with burnoff
hnife,

4-7
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C. AVIONICE CORROSION CONTROL KIT

An avionics corrosion control kit should be made available for operating activities;
such a kit is especially useful for small units. The kit should be designed for use

in treating small areas of corrosion and should contain all the necessary materials
and equipment.

Mechaaical cleaning materials such as abrasive papers, polisining compounds,
polishing and cleaning cloths, wools, wadding, abrasive whaels, penumatic drill,
wire brush, etc., should be made available for use in this kit. However, their use
must be in accordance with directions supplied with the materials if damage to
finishes and surfaces is to be avoided, .

Items of personal protection such as rubber gloves, rubber hoots, goggles, and
aprons should be provided and worn when necessary to protéct against splashing
and fumes,

Chemical cicaners and detergents for general-purpose cleaning of avionic oquip-
meat should be provided for cieaning prior to and also after mechanical removal
of corrosion products., Pressure-sensitive tapes, paint removers, etc., also

fall in this category.

be e

Finally, some of the various corrosion-prevetim"e coatings and water-displacing
comnounds should be included for the treatment and preservation of equipment.

Table 4-4 lists suggested items to be included in an avionics corrosion control
kit, normal usage of which is intended for occasions when minor corrosion
protlems occur,

Table 4-4. Corrosion Gontrol Kit

N smencliature Federal Stock Number

Abrasive Paper,
Aluminum Oxide

8350-543-3600

Abrasive Mat, 8350-967-5089

Aluminum Oxide 5350-967-5093
5350-967-5092

Abrasive Wheel 6345-732-9977
Nylon Web 5345-732-9978
5345-732-9988

5345-732-9989

5345-732-3166

. Alcohoi, Isopropyl

6666~205-6513

PSP
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Table 4-4. Corrosion Control Kit (Cont.)

Coating Compound,
Metal Pretreatment Coating

Corrosion Preventive
Compound, Corrosion Preventive
Compound, Corrosion Preventive
Detergent, Nomionic

Lubricution Oil, General Purpose
Preservative

Polish, Metal

Polish, Metal

{  Paint Remover

Sealing Compound

Solvent, Safety

Tape, Pressure-Sensitive

Apron

Drill, Pneumatic

Gloves, Rubber

Gogzles, Safety

Magnet

Magnifier, 5X

Scraper, )-azint, Electric

Epoxy Primer (Specification Mi1L~-P-23377)
Acrylic Topeeat (Specification MIL-1.-81352)

Federal Stock Number

8030-083-2425

8030-623-8039
8030-938-1947
8030-062-6950
7930-728-4143
VV-~L-~800

7930-267-1224
7930-634-1384
8010-181-7568
8030-881-2618
6850-597-9765
7510-290-2023
8415-753-6419
5130-889-9009
84156-266-5677
4240-276-7343
599-826-4724

6650-530~1109
5130-333-0123

4-9
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Secuon 6
GLOSSARY

The following list of words and terms frequeantly used by the corrosion engircer is
intended as an aid to the student of corrosion control.

Active Metal:
Additive:

Aeration:

Aeration Cell:

AISI:
Alkyd:

Alloy:
Anaerobic:

Anfon:

Aunneal;

Anode;

A metal that is in a condition in which it tends to coiTode.

A compound added for a particular purpose — in the case
of fuel and lubricants, for such purposes as prevention of
corrosion, gum, varnishes, sludge formation, knock.ng,
etc. ’

A wind-carried moisture-saline combhination (the 30- oot
Apollo dish at Bermuda has 12 to 15 aerations per duy 365
days per year).

A clectrolytic cell iu which the driving force causiny
corrosfon results from a difference in the amount of oxvgen
ln solution at onc point as compared to another, Corrosiun
is accelerated where the oxygen concentration is lowest, for
example, in a stuffing box or under packing, etc.

American Iron and Steel Institute..

Any of several synthetic resins made from phthalic acid or
phthalic anhydride and glycerol,

A combination of two or more metals.
Capable of existing without air or uncombined oxygen.

An jon that carries a negative charge. The chloride ion
in seawater is an anion.

Subject to heat and controlled cooling to make a metui mass
homogeneous in chemical, crystalline, and mechanical
properties,

The electrode of a galvanic cell at which oxidation occwrs,
In corrosion, the clectrode heing attacked, The less nohie
electrode of un clectrolytic cell at which corrosion uccurs,
This may be a small arca on the surface of a metal o alloy,
such as a point where a pit develops, or it may be the more
active metal in o .ccll composed of two dissimilar rartals;
f.c., the onc with the greater tendency to go into solution.
The corrosion process involves the change of metal itoms
into fons with u Liberation of electrons that migrate through
the metal to the cathode of the cell,

L a. M
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Anodic Protection:

Anodizing:

ASTM:
Austenitic:

Binary Alioy:

Bioder (paint):

Cataiyze:

Cathode:

Cathodlic Protection:

— e TR T
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The reduction or elimination of corrosion of a metal that

can sometimes be achieved by making current flow from

the metal to the solution as by connecting it to the pos:tive
pole of a source of current, Under most conditions, as the
potential of an initially active metal is gradually shifted in a
more noblc direction as by potentiostatic means, the cor-
rosion current gradually increases, However, with suitable
combinations of metal and solution, a critical potentiai is
soon rcached. At somewhat higher values of the poterntial,
the current drops to a very low value, and the metal becomes

passive., The potential of metal has to be regulated by a
poteatiostat.

A process for thickening the layer of oxide on the suriuce
of metal, especfally aluminum, The article is made by
dipping the metal as an anode in a bath of chromic or

sulfuric acid. It provides protection from corrosion and ]
s a good basc for paint,

American Society for Testing Materials.

A term applied to that condition of iron associated with a
change in crystal structure that makes it ro-nmagnetic.
This occurs with ordinary iron at 2n elevated temperature,
When sufficient chromium and nickel are present, iron
becomes austenitic (nonmagnetic) at normal temperature.
This is the case with the many stainless steels that contain
about 18 percent chromium and 8 percent or rore nickel.

An alloy composed of two elements, of an element and a
radical that acts as an element, or of two such radicals,

Primary constituent of the vehicle; cements pigment

particles together and fixes the mass to the substrate
being coated.

To speed up a-chemical rcaction by the use of an ingreiient
(the catalyst) which undcrgocs no chemical action itself,

The more noble electrode of a corrosion cell where the

action of thec corrosion current reduces or eliminates N
corrosion,

The reduction or elimination of corrosion of a metal thut
is achieved by making current flow to. it from a solution,
as-by connccting it to the negative pole of some source
current. The source of the protective current may he
sacrificial metal, such as magnesium, zinc or aluminum.
The current may also be derived from a rectifier, gen~
erator, or hattery and applied through an appropriate
anode which may be consumed by the applied. current,

As:-in the cate of steel, or remain substantially unaffected
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Cation:

Cell:

Chalking:

Chemical Conversion
Coating:

Clear Water:

Coating System:

Concentration Cell:

Corrosion:

Corrosion Fatigue:

Corrosion Rate:

Couplc:

by the curreni, asn the cusce of graphite or platinum,
Cuthode protection may bhegome complete when unodie
raactions are completely suppressed aha only cathoure
reactions occur on the metal surface.

A positively charged ion of an electrolyte. Metallic ions,
such as fron and copper, are cations,

In corrosion processes, a cell is a source of electrical
current that is responsible for éorrosion, It.consists

of an anode and a cathode immersed in an electrolyte und
electrically bonded together, The anode and cathodc
may be separate metals or, dissimilar areas on the same
metal.

Deterioration of an organic couting upon exposure that
results in a powdery, chalky residuc on the painted surtace,

A f{ilm that is deliberately produced on a mctal by immers-
ing, brushing, or spraying with a selecied chemicul
solution for the purpose of providing improved corrosion
resistance to the metal or increasing the adhesion of
organic coatings to he applied later, Coatings coverced oy
MIL~-C-5541 are examples,

As defined for use in this study, color-free water contuin-
ing no visible suspended particles.

The total surface preparation, the application methoric,
and types of paints used on a structure. The progrummed
life and environment of the antenna should determinc (e
coating system,

An electrolytic cell consisting of an electrolyte and t+ o
areas of the same metal or alloy that develop a difference
in potential as a result bf a difference in concentration of

fons (most often metal ions) or oxygen at different points
in a solution,

The deterioration of a material, ucually a metal, through
reaction with its environment,

A reduction in the ability of a metal to withstand cyclic or
repeuted stresses, caused by corrosion,

The specd at which a metal or alloy is wasted away h.cause
of corrosfon, This may he experienced in terms of loss 1n

weight or loss of thickness in a given period of time.

Two or more dissimilar metuls or alloys in electrical
contict with cach other so that they can act as the electrodes.
of a cell if they urc immersed in an clectrolyte,
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Cracking:

Critical Humidity:

Elastomer:

Electrode:

Electrolyte:

Elcctroiytic cell:

Electromotive
Force:

Embrittlcment:

Envirooment:

Epoxy':
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(a) Localized breaking of a paint film to capose the under-
lying material. (b) Breuking of a metal or ulloy in &
brittle fashion along a narrow path or nctwork,

Under controlled conditions 4 metal or alloy will not
corrode if relative humidity is kept below 2 certain value,
In the presence of hygrosopic (moisture absorptive) solids
or corrosion products, the critical humidity is under
about 30 nercent in a marine atmosphere.

Substance having some of the physical properties of rubber,
MII1.-S-8802 scalants are examples,

A conductive material that is in contact with ap electrolyte
and serves as the site where clectricity passes in either
direction between the electrolyte and metal, The current
in the elcetrode itself is a flow of electrons, whercas, in
the elcctrolyte, ions carry electric charges and their

orderly movement in solution constitutes a flow of current
‘In the electrolyte.

A chemical substance or mixture, usually liquid, contuin-
ing clectricaliy chiarged-utoms (iohs) that rendler the:
substance or mixture cupible of conducting an electric
current, Seawater is an electrolyte, for cxample.

A ccll which converts electrical energy to chemical
energy.

(EMF) Series: The clements can be listed according to
the standard electrode potentials. The more negative
the potential, the greater the tendency of the metals to
corrode, This sdries is useful in studies of the
thermodynamic properties but does not indicate the
rates of corrosion., A hydrogen gas clectrode is the
standard reference and is placed equal to zero. All
potentials are positive or negative with respect to the
hydrggen electrode, In this Country the potentials of
zinc and iron are written as negative and those of copper
‘and platinum positive,

Severe loss of ductility of a metal alloy-that renders the -
alloy brittle.

As applied to corrosion, includes all the effects of

weather, the land, the sea, and the pollutants of man that
tend to corrode metals,

Epoxy resin uscd in the epoxy base is a form of plastic
derived from petroleum. In the form of paint, the
epoxy base is mixed with a catalyst or converter; the
chemical reaction is polymerization, .
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Erosion:

Eutectic:
Exfoliation:
Fatigue:

Faying Surface:

Ferritic Steels:

Film:

Fretting Corrosion:

Galvazic:

Galvanic Corrosion:

Gzlvanic Series:

Galvanic Couple:

Hydrogen
Embritticment:

Impingement Attack:

Inhibitoy (as applied
W corirasiony:

Destruction of a metal by the combined action of corros:on
and abrasion or attrition by a liquid or gas with or withowt
suspended matter,

An alloy with the lowesl melting point possible from any
combination of the same components.

Breaking away from a surface In flakes or layers,

The tendency of a metal to crack and fracturce in 4 brittie
manner under conditions of cyclic stresses, at stress
level below its breaking strength,

The common surface formed by mating parts,

A solid solution of chromium and carbon and iron carbides
in fron; crystalline structure is body-centered cubic,

A thin layer of material that may or may not he visible,

Corrosion at the interface of two contacting surfaces
usually under high pressure:and subject to very minue¢
-slippage due to relative: vibration of surfaces that
ordinarily are not supposed to move relative to each
other (such as a shrink fit).

In this manual, the flow of divect current betvween dis-~
similar metals,

The corrosion of a metal that is associated with the fow
of current to a less active metal in the same solution arn
in electrical contact with the more active metal,

A list of metals and alloys arranged .in order -of their
relative potentials in a given environment. The order of
their arrangement in this list may he different in otner
environments,

A closed electric circult of two connected dissimilar
metals joined by an electroyte,

Loss of ductility of a metal caused hy the entrance or
a?sorption of hydrogen into the metal s in the pickling
of steel,

Corrosion that is associated with turbulent flow of a
liquid as ut the entrance of a condenser tube or atout
bends in a pipe line.

A chemieal substance or mixture which, when added to
& selution-in-small amounts, markedly decreases
corrosion,
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Inorganic Coatiags:

Intergranular
Coirosion:

jon:

Kelvin Scale:

Local Cell:

Long-0if! Alkyd:

Marteasitic steel:

Matte Surface:

Medium-0il Alkyd:

Metal lon

Concentration Cell:

Mill'Scale:

Minor Corrosion:

Noblc Metal:

O=ranic Coatings:

6-6

Electroplates, conversion coatings, anodic coatm.. 4,
phosphates, and oxide coatings.

Corrosion along grain boundaries.

An electrically charged atom or group of atoms, The
sign of the charge is positive in the casc of cations and
pegative in:ithe case of anions,

A scale of temperature measured in degreces centigracle
from absolute zero, .

A cell in which the driving force i3 due to rlifference in
potential between areas on a metal or alloy surface
immenrsed in an clectrolyte, The potential difference may
be due to inciusions, lack of homogeneity, varying con-
centration of the solution with respect to oxyzen or metal
fons, etc.

Approximately 60 gallons of linseed ol per 100 pourvis
of resin, very flexible,

A solid solution of chromium ancl.carbon or iron carti‘es
in iron; crystailine structure Is hody-ccntered tetragonal.

A metal with a low specular, or mirror-like reflectivity
as in the case of an ctched or sandblasted surface.

Approximately 30 gallons of linseed oil per 100 pouncs of
resin, moderately flexible.

A cell establishcd on a metal surface duc to differeat
concentrations of its ions in the electrolvtem here it is in
contact with the metal surface, Thesc variations in con-
centration result in local diffcrences in potential, thus
allowing the establishment of local cells,

The heavy oxide layer fermed during hot fabrication or
heat treatment of metals, The term is most frequently
applied to the scale of mixerd iron oxides on iron and stecl,

An existing corrosion diserepancy which, hy the dictates
of good maintcnance practice, should he corrected on a
basis of nonintcrference with other activities,

]
A metal that is so inertithat it is usually found as uncom-
bined metal in nature. Unattackable or more resistant-to.
corrosfon, Platinum, gold, ard silver are noble meials,

Painot, lacquer, plastics, greases, etc,
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Oxidation: Generally gpeaking, in chemdcal terms any change inveiviag
the loss of clectrons by an atom-constitutes oxidation;
, hence, any anode or corrosion process involves oxitiution
of the metal 1n a true chemical scnse. More specifically,
ft also may imply the destruction:of a metal or alloy as a
result of the dircct action of 6xygen on the metal; e.g. ,
. the scaling of steel at a high temperature,

Passivations The process or processes by means of which a metal
becomes inert to a given corrosive environment.

Passivator: ‘An inhibitor that causes a shift in the potential of a metal ‘
in the inhibited solution to ‘a more cathodic or electro-
positive value and thereby makes the meta! more resistant
to corrosion by the solution. Chromates inhibit corrosion
of steel by water in this manner,

Paint Life: The time required for a new coating system to reach a point
where one percent of the total protecting coating system
i . has broken down,

Passive-Active Cell: A cell involving conditions in which the FMF is due to the
: potential difference between a metal in an active state and
1 the same mectal in a passive state. The pitting of stzinless
steel in scawater is due to a cell set up between an active
) surface within a pit and the passive surface surroundinz it.

Passive: State of a metal that is active in the EMF Series, or an
alloy composed of such metals, when it exhibits an ap:reciably
greater resiastance to corrosion and behaves like a lcss active
{or more noble) metal in resisting corrosion and by exhibit-
ing a relatively noble potential in a galvanic series.

Patina: A green or greenish-blue coating which forms on copper
i or copper alloys exposed to the atmosphere.
pK: The acidity of a solution as determined by the concentration

of hydrogen ions in it. The pH of a solution is a term used
3 to cxpress the cffective hydrogen ion concentration. It
] § ranges from pli-0 to pli-14; pli-7 indicates a neutral
‘ solution. Vaulucs lower than 7 indicate an acid condition,
The stronger the acidity, the lower the plf, Conversels,
; . values of pil above 7 indicate an alkaline condition; t? ¢

. higher the pH the more alkaline the solution. Fre-l s ater
usually exhibits «u pH of ahout 6 to 7. Seawater ranges
from pH-7,8 to 8.4 with uan average of about #, 2.

Pigment (paint); Usually an insoluble powder carrying the coloring matier,

3 Some pigments are acid-sensitive und some are aikali-
sensitive. A lead pigment is unsuited-to sulfur atrosphere,
Certuin tituninm pigments catalyze the photocheraical
decomposition.of the. binder and-produce-chalking.
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Pitting:

Polymerization:

Polyvinyl:

Post Cure:

Potential Corrosion:

Precipation
Hardenin;:

Primer Coat:

Relative Humidity:

Rusting:

Resin:

Saline Aerution:

Sapon:
Saponifying:

6-8

A 1Kk cMimant

A form of corrosion that develops in highly loculized
areas ot a meotal surface that is not attacked elscwhe o
to any great extent, This results in the development of
cavitics of small diameter to relativeiy shallow
depressions.

The chewnical reaction between the epoxy base and
converter. The film formed by the polymerization is
chemically tied up or crosslinked, giving great dur-
ability and chemical resistance to the coating.
Conventional paint drizs by evaporation or oxidatior,

A synthetic resin, divided into two general types:
polyvinyl chloride and polyvinyl acetatie,

A coating followed later by the application of a
ouring solution to speed up the drying process,
The drying time is approximately 24 hours.

A condition which, if left unchanged, can create a
corrosjon problem.

The hardening of a metal resulting from the addition
of a proper alloying element.

The first coat of a protective paint, etc. Originally
applied to improve adherence of the succeeding coat,
but now usually containing an inhibitor pigment suc:
as zinc chromate or red lead,

The ratio, expressed as percentage, of the concenira-
tion of water vapor in the air to the water vapor
concentration that ‘it would have if saturated at the
same temparature,

Corrosion of iron or iron-base alloys resulting in the
formation of corrosion products on the surface that
consist mainly of hydrated ferric oxide,

Lny of the varfous solid or semisolid organic substances
exuded from various plants and trees or preparcd
synthetically., Resins are soluble in ether or alconol,

A fog, mist, or condensation carrying ionized salts
from the ocean,

A prefix of soap or similar to a soap.’

The formation of soap in paint film resulting from the
reaction of 2 fatty acid cster with an aikall,
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Scaling:

Self-Cure:

Severe Corrosion:

Short-0il Alkyd:

Slushing Compound:

Solvent (Daint):

Spalling:

SSPC:

Stess Corrosion:

Swyface Preparation:

Tarnish;

Stress Corrosion
Cracking:

TT:

Jrcthune:

Vehicle (paint):

The formation at high temperatures of partially aanerent
layers of corrosion products on a metal surface,

All of the curing elements are combined in the couting
material when it is applied, The drying time n* ., be
from 72 hours to 3 weeks, ,

An existing corrosion condition that has progressed to
the point where the structural integrity of the urit is
questionable, It should be corrected prior to the unit's
next operating cycle.

Ten gallons of linseed oil per 106 pounds' of resin, very
inflexible.

A nondrying oil, grease, or similar organic compound
which, when applied to a metal, protects against
corrosion.

Keeps the binder dissolved to permit application of paint,
after which the solvent dries up.

The chipping, fragmenting, or separation of particles
from a surface,

Steel Structures Paint Council.

Corrosion that is accelerated by stress, efther res.dual
internal stress in the metal, or externally applied stress,

The degree to which the surface to he painted is prepare:l
to recelve the coating, There are four classes of surface
preparation for metals,

Surface discoloration caused by fermation of a thin film of
corrosfon product or oxide film,

Cracking that results from the combined effects of
corrosion and stress,

A prefix designating a Federal Government Specification,
for example, TT-P~-636C, Many of the TT specifications
are converted from military specifications,

A white crystalline compound C3Hq09N, produced by the
action of ammonia on cthyl carbonate or by heating urea
nitrate and ethyl alcohol,

A fluid consisting of a solution or mixture of a binder
with a thinner (solvent),
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Viayl: Synthclic resin binder, a monovalent radicul, Ci{,CH,
characteristic of many derivatives of ethylene,
its hydride.

i Vinyl Resin: A vinyl polymer,




