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Corrosion of Air Tankers by Fire Retardants*

Are fire reterdant chemicals corrosive to air tankers?
"Yeg, but . . ." was the answer reached by a six-man task
force~ that examined 26 air tankers in Californis after the
1964 fire season. We found serious corrosion damage which
had occurred during only one summer, to the tank and gates
of cne air tanker. But we elso found another elr tanker
that showed no visible signs of corrosion damsge after having
been used for eight fire seasons. Between these two extremes,
the 26 air tenkers and 4 non-air tanker aircraft that were
inspected showed consldersble variance in extent of corrosion
damage.

1/ The euthors received technical guidance from many sources,
but are especially grateful to Charles B, Kendrick Jr.,
research metallurgist, and Richard F, Stratfull, corrosion
chemist, both in the Structural Meterials Section, California
Stete Division of Highways, Sacramento; and to Leo V., Steck,
formerly with Shell Chemical Company and now a technical ad-
visor to the Pacific Southwest Forest and Range Experiment
Station.

g/ The task force consisted of: Robert P. Langguth, senior
research group leader, Inorganic Chemicals Division, Monsanto
Co., 5t. Louils, Mo.; Ken Nelson, chemist, Arizona Agrochemicel
Co., Phoenix, Ariz.; Herb Shlelds, mechanicel engineer and
pilot, Equipment Development Center, Forest Service, U.5. De-
partment of Agriculture, Arcedia, Celif.; James B, Davis,
project leader, fire control methods, Pecific Soubthwest Forest
and Renge Experiment Station, Berkeley, Calif.; and Floyd
Wakiee, equipment engineer and pilot, end Clinton B. Phillips,
coordinator of forest fire research, both of the Callifornia
Division of Forestry, Sacramento, Celif. :




Why We Made the Inspection

Ever since 1956 when the air tenker became a member of
the fire control team, firefighting agencies have been con-
cerned with the possibility of corrosion damege from fire 8
reterdants to alrcraft. This possibility hes become particu- :
larly evident since salt solutlions were introduced as fire
retardsnts; such materials are good electrolytes and known to
corrode some metals. Consequently laboratory studlies were
conducted both by chemical manufacturers and governmental
agencies to evaluste corrosion and to develop corrosion in-
hibitors. One extenslve test by the U.3. Forest Service's
Arcedls Equipment Develorment Center dealt primarily with
stress and fatigue corrosion (fig. 1). In general, these
studies indicated that some fire retardents that had no corro-
sion inhibitors could cause corrosion (U.S. Forest Service,

1965).

Although lsboratory tests by the manufacturer indicated
that adeguate corrosion inhibitors were in use, we still
wanted to be sure about thelr effectiveness. During 196k,
reports from air tanker operators tended to be contradlictory:
Most operators reported ng indication of corrgsion; a few
were highly concerned about damage to their aircraft.

How We Made the Inspection

After the 1964 fire season, a team of inspectors from
fire control agencies and chemical companies carefully exami-
ned 26 air tankers that had been used during the year (fig. 2).
We also checked four non-alr tanker aircraft that were inten-
ded as controls (table 1 and table 5 in Appendix).

The inspectors folloved Arcadia Equipment Development
Center's Guide for systemstic inspection. The list incliudes:
Unpalnted aluminum surfaces; all magnesium parts; spot welds; _ 3
fittings, braces, and compound parts inside the aircraft’s
tank compartment where chemicals or moisture msy accumulate;
hinges; sreas where moisture in gels and chemical slurries .
does not evaporate readily; wheel wells; all brass parts such
as control cable turnbuckles; lap joints; drain holes that
may become clogged; areas where dissimilar metals are in con-
tact; skin seams that trap and hold chemicals.
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Figure l.--Tests were conducted by the U.S. TForest Service's Arcadia
Equipment Development Center io study welght loss stress and fatigue
corrosion. Metal samples were bent to simulate stress corrosion and
dipped for various lengths of time into fire retardant solutions. The
number of pileces that cracked was recorded.

Figure 2.--The inspection team closely checked gl visible parts of the



Table 1.--Number of aircraft having different degrees of

corrosion on various parts of the aircraft,

26 AIR TANKEERS

Mreraft part

Degree of Wings and Tail
Corrosion Tank Gate Fuselage Agsembly
None visible 7 6 21 17

Slightly pitted
or rusted i2 12 5 _ 8

Badly pitted or
rusted 7 8 o] 1

. NON-ATR TANKERSS

None visible -— —— 1 . 1

Slightly pitted
or rusted - - 2 . 2

Badly pitted or
rusted - - 1 0

}/ One aircraft had tail removed snd missing.

Time and other limitations did not permit us to inspect -
the interiors of fuselages, wings, and other parts, except in
one instance where a side panel was eagily removed from the
Tuselage of an N3N. In many cases, the alr tanker owner or
operator made the inspection with us and helped point out prob-
lem areas.

Whaf We Found

Almost 25 pvercent of the air tankers inspected showed no
readily visible signs of corrosion, whereas 3 of the L non-
air tanker aircraft inspected did show such signs.



Rust on mild steel parts was found on many parts of the
alrcreft, including tanks, gates, wheel rims, tail wheel
agsembly and well, framing and support structures, and bolts.
In one case steel hinge pins inside a tank had rusted to the
point that faillure seemed imminent.

Tanks and gates fared far worse than the other parts of
the alreraft--one or two tanks were in such bad shape that
extenslve repairs will be necessary. Corrosion damage in the
tanks and on the tank gates may not endanger the airworthiness
of the alrcraft, but it does affect the aircraft operator's
capiteal investment. Depending upon the size and design of the
tank, replacements costs can be as much as $5,000.

Depth of pitting found in gates showed that, with one
or two exceptions, the gates would not require replacement for
8 to 10 years if maintenance practices were continued as in
the pagst. Those gates and tanks which showed no corrosion
had 1in several cases recelved good protective coatings, such
as properly applied fiber glass or epoxy resin.

Blight pitting was found on unpainted surfaces on the
underside of the wing root of one TEM and two B-17 air tankers.
Similar pitting was also found on a B-17 that had not been
used as an alr tanker.

The retardants most commonly used in the aircraft in-
spected were these three: Bentonite, Phos-chek (viscous
diammonium phosphate), and Fire-trol (thickened ammonium sul-
phate). In addition, large quantities of algin gel were used
(table 2).

Evidence was strong that the worst corrosion noted in
tanks snd gates was caused by algin gel. By far the worst
example of corrosion was on an alr tanker, E-68, that had
carried algin gel a2lmost exclusively in 196L4. In two or three
other cases of extensive tank and gate corrosion, the air-
craft had carried several loads of algin gel during the 196k
fire season. These Tindings tended to confirm those of the
corrosion tests conducted in 1963 by the Forest Service's
Equipment Development Center (U.S. Forest Service, 1965).



In almcet every case when we found corrosion we could
relate dsmage to four important variebles: {a) the kind of
metal used in the construction of the alr tanker and the
tanks; (b) use of protective coatings; (c) quality of air-
eraft maintenance; and (d) type of retardants dropped.

Table 2.--Fire retardants used by fire control agencies in

Californias during 196k.

Calif. Div. U.5. Forest Los Angeles Co.
Retardant of Forestry Service Fire Department
Gallons of retardant (thousands)
Bentonite 1,415.3 (y Yy - |
Algin Gel 106.8 (Yy. L
Gelgard 78.54 (Y5 . .
Water 18.0 (}/) | -
Fire-trol 871.0 ( l/) | —
Phos-chek 781.0 ( i/ 296.4
Shell-DAP 14,0 ( E/) ' -
Borate 37.9 ( ;/) 47.8
Total 3,352 .'l; 3,699.7 k.2

;/ Breakdown of deta on retardants used not available.



Recommendations

Based upon the findings of the inspection trip, we rec-
ommend the following procedures:

1. For the construction of tanks or other modifi-
cationg to air tankers, choose metals or
materiales that reslist corrosion or deteriorastion
by chemical salt solutions. Consult with
metallurglsts.

2. Tor the construction of tanks and other related
fittings, avoid the use of unclad aluminum
alloys that contaln high percentages of covper
zine or magnesium. These alloys generally would
include the 2,000, mcst of the 5,000, the 7,000
serlies, and two or three other individual numbers
of aluminum alloy (see table 5 in appendix).

3. Avoid the use of mild steel and magnesium when-
ever another more corrosion reslstant metal will
do the same job. This recommendatlion applies
especielly to hinges, braces, bolts, nuts,
washers, and other tank interior parts.

4. Check to see that all parts of a tenk or of
other modlfications in the construction of an
air tanker are made from the same metals or
metals that do not promote corrosion when in
contact. Contacts between some dissimilar
metals, even some dissimilar alloys of the same
metal, can greatly accelerate corrosion.

5. Protect all exterior surfaces of aircraft that
come 1n contact with the corrodent. HNo corro-
sion damage was found on exterior surfaces
which were well-painted and maintained in that

_ condition.

6. Coat tank and gate interiors with epoxy resins
which use no amine catalyst, fiber glass lamina-
ted by epoxy resins, or vinyl resins. .



10.

11.

12.

13.

(cont'd) Follow the manufacturer's recommendations

clocely and, if possible, heve the work done by a
shop recommended by the manufacturer. More study
ig needed on the subject of protective coatings--it
may be that other types ot coatlngs can be rec-
cmmended in the future.

Where any coupling of surfaces takes place and
fire retardant is present at the junction, pro-
tect the metal by applying vinyl or polyester
tape to both surfaces. The most important such
coupling on an air tanker is where the tank and
gate surfaces meet. '

Do not use fire retardants that have not been
approved by the cantracting forest fire control
agencies, This approval 1s given only after
the retardants have satisfactorily passed rigid
tests performed by the agencies.

Follow good aircraft maintenance practices to
minimize corrosion damage from any source,

Wash the fire retardant residue from all exterior
portions of the alr tanker as soon as possible
upon returning to base after a fire control action.
Accumulated retardant will retain moisture or

will attract it from the air. This moisture com~
bined with retardant salts causes corrosion.

Inspect regularly the paint on exterior portions
of the alrcraft. Where bare metel is exposed,
clean the surface and apply new primer and finish
coats of paint.

Flush regularly with water sand inspect the in-
terior of the tank. Where bare metal is exposed,
apply new protective coatings.

Inform the air tanker base manager of observed
evidence of corrosion. If all other precautions
have been taken (use of recommended metals and
protective coatings, proper maintenance, etc.),
the retardant may be at fauit and corrective
action must be taken at once.




1k, If chemical pumping capacities are adequate for
fast loading, consider keeping alrcraft on stand-
by empty. '

The following appendix provides additional details on
corrosion, on the detalls of the investigation made by the
six-man task force in Cslifornia, and on the reasons for the
recommendations outlined sbove.
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Appendix:

Corrosion - What is it?

Webster defines corrosion as "to eal away by degrees as
if by gnawing." Possibly a more precise definition is "the
destruction of metal by chemicel or electrochemical action; a
femilisr example is the rusting of iron" (Unlig, 1948). Corro-
slon occurs because most metals tend to return to their naturel
state {iron in the presence of moist air will revert to its
natural state of iron oxide). Metals are also corroded by the
direct reaction of the metal to a chemical.

Almost any chemical sction can be regarded as electro-
chemical; it is accompanied by the transfer or displacement
of electrons. Four elements must be present before electro-
chemical corrosion can occur (fig. 3):

1. An electron emltter {Cathode).
2. An electron receiver (Anode).

3. A continuous liquid peth {electrolyte--in our
case a fire reterdent salt).

4, A conductor to carry the flow of electromns
from the Anode to the Cathode. It 1s usually
in a form that provides for metal-to-metal
contect (rivets, bolts, welds, etc.).

The presence of a second metal is not needed for electro-
chemical action. Local chemical or physical differences in or
on the metal, such as the presence of copper in an aluminum
alloy, will develop numerous Ancdic and Cathodic areas inter-
spersed over the surface.

TYPES OF CORROSION

For descriptive purposes, corrosion can be broken down
into eight different types (Department of the Air Force, 196l4).

1. UNIFORM ETCH CORROSION On a polished surface is first
noticed as a general dulling of the surface.
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Figure L4.--Pit corrosion forming on aluminum surface.

Flgure 5.-~-Depth of corrosion
action can be measured with a

pit depth gage.




Figure 6.--Grain boundaries in stéinless steel along fracture edge
adjacent to an overheated silver soldered joint (California State Divi-
sion of Highways Engineering Report). Magnified 1000 times.

Figure T.--Exfoliation of aluminum tank gate of an air tanker is pointed
out by an Inspector. White ares being examined is caused by corrosion
cccurring between grains within the aluminum alloy.




1. ({cont!d) If this form of corrosion is allowed to éonf
tinue, the surface becomes rough and possibly frosted in
appearance.

2, PITTING CORROSION The most common effect of corrosion
on aluminum and megnesium alloys. It i1s first noticeable
as a white or gray powdery depcsit similar to dust which
blotches the surface. When the deposit is cleared away,
plts or holes can be seen in the surface (fig. 4, 5).

3. INTEGRANULAR CORROSION Results from an attack on the
grain boundarlies of g material., A highly magnified cross
section of a commercial alloy shows the granular structure

of the metal (fig. 6). When in contact with specific types
of electrolytes, the adjacent grains of the metal and the
elements 1in the grain boundary can act as Anodes and Cathodes.

L, EXFOLIATION CORROSION A form of integranular corrosion

in which the surface grains or layers of a metal are "lifted"-
up by the force of expanding corrosion products occurring at
the grain boundaries below the surface. It is most often seen
on extruded sections of metal where the metal grains have been
greatly elongated in one direction (fig. 7). It cen also
result when the heat treatment is too short or is at too low

a temperature. Exfoliation corrosion can also be the result
of alloy segregation. After rolling or extrusion, the corro-
sion will follow these layers of segregated alloys.

5. GALVANIC CORROSION Occurs when dissimilar metals sre in
contact and an external circult is provided by & bulldup of
corrosion at the joint between the metals. For example, when
aluminum pleces are attached by steel belts or screws, gelven-
ic corrosion can occur between the aluminum and the steel.

The most likely areas of corrosion would be on the aluminum
end would be around or beneath the periphery of the head of
the steel bolt. '

6. CONCENTRATION CELI CORROSION Occurs when iwo or more
metal surfaces are 1n contact with different concentrations

of the same solution. BSuch a situation exists when partially
evaporated retardant apllls are trapped against the outside of
the aircreft tank. It can also occur when any flushing with
water is not complete. o .
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7. STRESS CORROSION CRACKING Caused by the simultaneous
effects of tensile stress and corrosion. Stress may be in-
ternal or applied. Internal stresses are produced by non
uniform deformation during cold working; by unequal cooling,
improper anneallng or heat treating; and by internal struc-~
tural rearrangement involving volume changes. An example of
gtregs is a bolt or rivet under tenslon. Studles conducted
by the U.S. Forest Service, Equipment Development Center
(1964) showed that this form of corrosion can occur in metals
stressed to near the yield point and exposed to some fire
retardant solution. Stress corrosion 1s difficult to recognize
before 1t has overcome the design sefety factor of the metal
involved. The presence of tensile stress and corrosion, how-
ever, does not necesserily result in stress corrosion. In
addition to stress, it 1s necessary that the metal can metal-
lurgicaelly support this form of corrosion and that the corro-
dent will ceuse stress corrosion to occur.

8. FATIGUE COBROSION A special form of stress corrosion
caused by the comblned effect of cyclic stress and corrosion.
No unprotected metal is immune to some reduction of its
resistance to cyelic stressing if the metal is in & corro-
sive enviromment. Fracture of a metal part due to Fatigue
corresion generelly occurs at z stress far below the normal
Tatigue iimits even though the amount of visible corrosion
may be unbellevably small. For this reason, protection of
all structurally important paris subject to alternating stress
is particularly important, even in enviromments thet are only
consldered to be mildly corrosive.

METALS USED I BUTLDING AIRCRAFT AND TARKS

Metsls used in alrcraft and tank construction are an
important factor that affects corrosion. In most cages we
found that the tank and gates were made from military surplus
materials. Often the bullder had no information on the physl-
cal and mechanical properties of the material he was using.
This was particulariy true in the casge of aluminum., Unfortu-
nately the name "aluminum" is indiscriminately applied to the
unalloyed metal and to all its alloys. These materlals behave
very differently among themselves (tables 3, 6).

The resistance of pure aluminum to corrosion iz quite
high (Bvans, 1960). But pure aluminum is relatively weeak; its
use is limited. Consegquently it is combined with one or more
elements. '

-16-




Those alloys containing copper, aithough stronger than the
others, are the least resistant to corrosion. If incorrectly
hegt treated, they become liagble to integranular corrosion or
In some cases to layer corrosion with swelling and exfoliation.
Under tensile stress, stress corrosion cracking may develop.

Table 3.--Compogition and mechanical properties of some

aluminum alloys found on most air tankers.

Alloy Tengile Elongetion
number | Composition strength(psi) | (Pet. in 2 in.)
1100 "Commercially Pure™

Aluminum . 13,000 .. 35

3003 Aluminum + 1.2 Pet.
Manganese 29,000 L

2024 Aluminum + 4.5 Pet.
Copper + 0.6 Pct.

Manganese + 1.5 Pct.
Magnesium 68,000 19

5052 Aluminum + 2.5 Pet.
Megnesium + 0.25 Pet.
Chrome 29,000 25

6061 Aluminum + .25 Pet.
Copper + 0.6 Pct. Silica
+ 1.0 Pet. Magnesium +
0.25 Pect. Chrome 35,000 22

2024 Duplex Product with 202L
Alclad Core and 1230 (Similar
to 100) Cladding 6k, 000 18

Cladding--~the gpplication of nearly pure aluminum to
cne or both sides of an aluminum alloy sheet--1ls the principal
corrosion preventative in alr frame structures. Generally
the core is & high strength allcy that mekes up about 90 per--
cent of the sheet thickness. '
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The pure eluminum coatings are metallurgically bonded to the
core over the entire area of contact. In most wldely-used
elcled materials, the coating alloys are selected so that
they will be anodle to the core alloys in most natural environ-~
ments. Thus the coating will electrolytically protect the
core where it 1s exposed st cut edges, rivet holes, or
scratches. Under normal conditions, alclad eluminum 1s
highly resistant to corrcsion; however, accumulated soil and
salts will attract moisture and cause pltting of the alclaed
surface. Since cladding produces no striking elteration in
appearance, 1ts very existence may not be known--glving rise
to the belief that "aluminum" can always be left unpainted.

Since corrosion 1s accelerated when dissimiler metals
are In contact, care should be taken to place simlilar metals
together. Metals grouped together in table 4 dc not tend to
produce galvanic corrosion and are relatively safe to use in
contact with each other. The coupling from different groups
and distant from each other in table 4 will usually result
in galvanic or accelerated corrosion of the metal higher on
the 1ist. The farther apart the metals are in the table, the
greater will be the galvanic tendency. We frequently found
various aluminum alloys {Group I or II) bolted to steel
(Group III) in tanks that showed considerable corrosion to both
aluminum and steel.

The inspection team found frequent pitiing and etch
corrosion on unprotected aluminum surfaces on all parts of
the aircraft. Such corrosion occurred whether the aircraft
had been used as en air tanker or not, pointing out that
claedding of aluninum is not a positive deterrent to corrosion.
Some of the worst etching was found on the fuselage of a
Junked C-45 thet had never carried fire retardants.

In only one case did we find corrosion on well-painted
surfeces, outside the tanks and gates. A few pits 1 %o 3
mils deep were found on one TBM (air tanker E-95) that had
carried mostly algin gel in 1963.
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Table U4.--Grouping of metal and alloys considered similar

as_to galvanic corrosion.é/

Group Metal or alloy
I Magnesium and its allioys; aluminum
alloys 5056, 5356, 6061 and 6063
IT Cadmium, zine, and most aluminum alloys
IIT Iron, lead, and tin, and their alloys

(except stainiess steel)

Iv Copper, chromium, nickel, silver, gold,
platinum, titanium, cobalt, end rhodium
and their alloys; stainless steel and
graphite

%/ Metals classified in the same group are considered simi-
lar to one another; thoge in different groups are considered
dissimilar to one another,

When practical, rivets, bolts, and other fastenrers should
be made of the same meteriml as the main structure. Stalniess
steel has been successfully used as a fastener on aluminum in
mildly corrosive enviromments. When not practical fasteners
should be selected from materizis lower in table L4 in order to
distribute the anodic attack over the larger of the two coupled
metals. This step 1s particularly vital if fasteners are
subjected to high stress and where the safety factor is low.
Caution should be exercised, however, when fasteners are made
from a metal that is nigher in table k.

8ince corrosion is a potential problem with eny of the
fire retardants now in use, its prevention or control should
be one of the most important considerations in new tank and
door construction. Most aluminum companies will be able to
assist a builder in constructing a tank that is adequate from
both & physical as well as a corrosion standpoint.
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PROTECTIVE COATINGS

The inspection team found that the use of protective
coatings was critical in helping to prevent or reduce corro- .
sion damage. An organic film or paint properly applied to
metal gurfaces will prevent the electrolyte from connecting
the Cathode to the Ancde. In the case of bi-metallic con-
tacts, elther both metals should be coated, or if circumstances
require, .the metal which is in the lower group (i.e. IV, see
table 1;3 should be coated.

We found corrosion inside several tanks and gates where rust
preventative paint and primer had been used. In a few cases
this corrosion could have been caused by algin gel that was
carried in tanks trested with zinc chromate primer. This
combination forms zinc alginate salt, which accelerates pit
corrosion.

The lack of a protective coating inside the tanks and
gates seems much more likely to result in corrosion. This N
possibility was seen in the steel parts. The inspection tesm B “E
found several tanks treated with evpoxy resins or fiber glass k ;
which showed virtually no corrosgion. '

Several of the types of protective coatings that can
be used to protect aircraft surfaces are: (a) organic paints;
(v) epoxy, polyester, and vinyl resins; (c¢) vinyl or poly- '
ester tape; (d) fiber glass; and (e} mastics and neoprene.

In each case the key to successful use of protective
coatings is in (a) proper preparation of the surface to be
protected, and (b) proper application of and in some cases,
the curing of the coating material. In preparing the sur-
face, all slgns of prior protective coatings and of corrosion
must be removed by grinding or sand blasting. In applying .
the protective coatirg, follow the manufacturer's specifica-
tions. Many manufacturers or dealers sre willing to recommend
commerclal applicators. '
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ORGANIC PAINTS Organic peint seems to be inferior to other
materials for coating tank and gate interiors. The inspec-
tion team found that an organic paint simply did not hold up
well., And, in one or two instances noted above, it actually
reacted chemically with the fire retardant to accelerate
corrosion.

¥hile paint may not be the best answer for tank inter-
iors, it works well on aircraft extericrs. Corrosion dam-
age was found on only one small area on gir tanker E-95
where paint had been applied. Otherwise, paint seemed to
provide complete protection for slrcraft exterior surfaces.

EPOXY, POLYESTER, AND VINYL ESTERS Epoxy resins are one of
the most versatile of the mesintenance coatings designed to
resist chemicals, solvents, water, and sbrasion. An out-
standing characteristic of epoxy resins is their excellent
performence when submerged for long periods in selt weter or
brine solutions (Ahrberg, 1964).

Considerable care should be taken to see that the pro-
per epoxy resln is used. Resins used in tank construction
should not contain amine, Amine catalysts may be respon-
sible for weakening epoxy resins thal are continuously in
water {Bell, 1957).

Allgood, et.al., {1964) reported wide variation in the
effectiveness of epoxy resin paints exposed to the atmosphere
of a manufacturing plant producing phosphete and nitrogen
fertilizers. In one test area where 24 tests of catalyzed
epoxy peints had been conducted, the vardetions in durability
ranged from 7 to 82 percent (flg. 8). These variations are
attributed to differences in the raw materials used and to
the methods used 1in paint manufacture.

Polyester regins are used 1in the construction of most
fiver glass boats. They have many of the same characteristics
and uses a8 epoxy resins. Although polyester coatings cost
about half as much ag epoxy coatings, they do not adhere gs
strongly to metal
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Figure 8.--Typical varistions in relative durability of epoxy resin
coatings that have about the same thickness.

Brands of epoxy resin

Figure 9.--Some air tankers showed virtually no corrosion--largely
because of high quality maintenance.
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If polyester or epoxy coatings are used, the alr tanker
operator should insist on an applicator that knows his busi-
ness. The gquaslity of the end product depends on several
factors. For example, too much catalyst can cause the resin
to become brittle and crack, and form anodic corrosion (Morgan,
1957). We found one case in which e poor Job resulted because
the weather was too cold at the time of application. While
tank interior coetings may help overcome an unfortunate choice
in tank construction material, the right coating material
should be selected. A number of light coats helps to minimize
pin holes.

Vinyl resing are different from epoxy resing in that the
end product is quite plastic rather then rigid. Such plasti-
city has its advantages if metal surfaces must stand stress
and strain. On the other hand, the harder epoxy resins have
more resistance to gbrasion eand impact forces. Vinyl must be
applied with the same exacting care as epoXy, and requires an
applicator who is thoroughly experienced and highly recommended
by the manufacturer of the product., ' Although epoxy, polyester
and vinyl resins are immune from electrochemical corrosion,
they are still subject to chemical attack. Most polyester re-
sing, for example, are not recommended for use when solution
PH is above 10 (QOleesky, et.al., 196h).

VINYL AND POLYESTER TAPE Continuity of the liquid paih may
alsc be broken by the use of vinyl or polyester tapes. IT
conditions favorable to galvanic corrosion cannot be avoided,
always try to protect both portions of a metal joint. A
break in the protectlve coating on the anodic surface will
ceuse gevere pliting if the cathodic surface is not protected
because of the concentration of current upon the relatively
small area exposed. The attack 15 made even more intense
because the Anode is smsll compared to the Cathode. There-
fore, 1f there is a requirement that only one gurface be
coated, always coat the cathodic ares. This is particularly
true when the inside of the tank is coated with epoxy or
polyester resin. A typical place where tape might be used is
where gates are sealed against the tank., Tape would be
applied to both the tank and the gate sealing surfaces.

FIBER GLASS Steel or aluminum tanks can be covered with fibver
glass to protect them from rust or corrosion. The fiber glass
should be similar to the types required for marine use and con-
tain a water repellant chrome finish.

-23-



It should be cloth, rather than rovings or mat, and of the
weave most sultable for the particular tank design.

Two layers of medium weight cloth have been found to
glve better protection on metal boat hulls than a single
layer of heavy cloth. They should alsc protect aireraft tanks.
Epoxy resins must be used to laminate the glass fabrie to
the tank.

MASTICS AND NEQPRENE Mastics and neoprene have long been
used tc line water tanks and serve as protective coatings
in other industrlael uses. Experlience by forest fire con-
trol agencies has shown that these materisls are not nearly
as satisfaectory as epoxy, polyester, vinyl resins, or fiber
glass for protecting water tank interiors from corrosion
over long periods of time. Manufacturers of mastice and
neoprene do not recommend them for chemical storage. Other
coatings, whlle more expensive to apply, would probably be
more economical and more satisfactory over the long haul.

Poorly applied coatings of all types that develop cracks
or pin holes usually aggravate the situation. MNormal alr-
craft flexing in flight requires careful continued checking
at points of flexure, such as corners and sharp bends. If
separation of coatings occur along with pin holes, liquids
can "get behind” the lining and remain unseen until the dam-
age has developed. Removal and replacement then can be
difficult.

MATNTENANCE

During the course of the inspection trip, we found a
great deal of variation in maintenance and good housekeeping
practices (fig. 9). While some alr tankers were spotless,
others contained g thick deposit of dried retardants layer
on layer much like that in geoclogical formations. These
layers served to show the life history of the air tanker for
the past fire season or two,

Molsture tends to collect on dirt particles, increasing
electrical conductivity and accelerating corrosion. The
maintenance of clean surfaces on passive metals, such as
aluminum or on aluminum alloys, can be of greater importance
then on plain carbon steel or copper based slloys.




If amall corrosion ereass begin to develop, the comblna-
tion of these small active Ancdes to large passive Cathodes
can cauge severe pltting. Alloys that owe their corrosilon
resigtance to passivity are particularly susceptible to
accelerated corrogion within crevices.

In comparing aluminum to steel in an ordinery situation,
a distinction must be made between the exposed portions and
recesses. Unpainted steel will probebly show red rust in a
few days on the exposed surface; aluminum may remain almost
unchanged in appeerance and will probably suffer very little
on the exposed surface over long perleds. But at the cre-
vices formed where aluminum comes cloge to another material--
or even to & second aluminum surface--it may be severely
attacked~--and at those places least likely to be observed.
If the aluminum alloy includes copper, the attack msy take
the form of lgyer corrosion. And, . severe exfoliation may
slowly develop undetected.

Although steel produces & consplcuous red corrosion
product (rust)--generally on those parts most visible to
view--aluminum msy produce an inconspicuous white product at
the point least accessible to inspection.

For these reasons, cleanliness must be maintalined,
coupled with an adequate systematic inspection. The Forest
Service Equipment Development Center recommends that each
air tanker be checked after a dsy's operation by authorized
inspectors. It also recommends that periodic alr tanker
inspection checklists be expanded to include critical parts
inspections of in-flight and other vital structurel systems.

FIRE RETARDANIS

In general the flame-retarding chemlcals with thelr
built-in corrosion inhibitors appear to be no more of a pro-
blem than gelled liquids such as Bentonite.

Corrosion inhibitors are being prepackaged with the
commercial retardants Fire-trol, Phos-chek, and Shell-DAP
that use ammonium phosphate and ammonium suiphate. These
two chemicals are strong electrolytes that can cause severe
corrosion to several metals common to aircraft, including
aluminum, magnesium, and copper.

.



Corrosion reduction in commercial retardants 1s acczomplished
chemically either by an insoluble film that "stifles" further
corrosion, or by e protective oxide coating thet mekes the
material pessive, Examples of anodic inhibitors include sddi-
tlons of chromates, phosphates, and silicates to decrease
corroslon rate. These substances probably help to form or
meintain a protective film on the metal surface.

Bentonite 18 considered to be non-corrosive. It was
the only retardant used in three alr tankers and each showed
slgns of corrosion~-primarily rusting of steel parts, probably
from the moisture in Bentonite.

Algin gel without corrosion inhibltors appesrs to cause
serious corrosion damasge to alumlnum slloys (fig. 10). Ex-
foliation-type corrosion end pits as much es 70 mile deep
developed during one year in air tanker E-68, that carried
mainly algin gel. The Arcadis retardant tests showed stress-
corrosion cracking in sluminum alloy 202L-TL4 after continued
exposure of about 300 days to algin gel. The material appeared
to be more corrosive to this aluminum alloy than any other
retardant tested. Algin gel 1s now being phazed out of the
alr tanker program by all forest fire conirol agencies In
California.

The successful use of inhibitors requires consgiderable
knowledge of thelr action on different metsls and a thorough
understanding of the corrosion process in the system under
considerstion. A substance may successfully decresse the rate
of attack on a metal or practically stop corroslon entirely
in one environment, but may in another environment stimulate
i, '
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Figure 10.--Deep plts and exfoliation appeared on the gates of this
air tanker after it had carried algin gel for one fire season.
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Tuble 4.--Chemiczl composition limits of wrougnt asluminum alloy::f'

2

1
OTHERS(>
A ALUMI-
MAN- MAG- CHROM- TITAN. ~—-~= o - 1
DESIG- SILICON  IRON  COPPER el ociim um | NICKELziNe T fach Yol NUM
NATION ! Min.
ECTH; i . . . . A . V945
1100 1.0 Si+Fe 0.20 0.05 G110 Q05 015 9900
TH3O0) 0.7 Si+Fe | 020 o . - 0.05 99.30
123000 0.7 si+Fe | 00 0,05 0.10 i 0,05 99.30
1235~ ;. 0.85 Si+Fe ' 005 e . . o 1005 99.35
114500 ©  0.55 Si+Fe 0.05 0.05 ' . 0.03 99.45
§345 1 030 - 040 | 0.0 I . . 005 L 99.45
1060 . 025 0.35 0.05 003 | 003 . 0.05 003 0031 . 99.40
117568 ¢ 0.15 Sid-Fa R R TR R o 002, 99.75
2000 1 Q40 07 s080 ... Yo 030 .0.080%  0.13;Remoinder
2014 0.50-1.2 | 1.0 39.50 0.40-1.2 ! 0.20-08 | 0.0 T 0.25 0.i5 " 0051, 6.7% ] Remsinder
2017 1 08 |10 3.5-4.5 © 0.40.1.0 | 0.20.08 ; 010 . ...... 025 - ... 0.05 | 0.15|Remaindur
2117 ) 08 10 2.2.3,0 0.20 | 0200500 010 ... .. 025 ;0,05 0.15 Remainder
2008 0% i 1.0 3.5-4.5 020 04509 ;| 010 . 17.23 0 0.25 0.05 ' 0.15iRemoinder
2218 0.9 1.0 1.5.4.5 0.20 1.2-1.8 | 010 1.7-23 ¢ 025 0 . ... 1005 . 0.15|Remainder
2618 025 josiafl 1s27 1 . [r3ae b 10.9-1.2 ;. . . 0.04.0.10 1 0.05 & 0.13]Remainder
2219 0.20 030 | 5848 | 020040 o002 : . . © 010 : 0.02-0.10 ] 0.05%5 , 0.15| Remainder
2024 0.54 0.50 3.8-49 | 0,30.0.9 1.2-1.8 ! 0,10 . . 0.25 Lo 0.05 ! 0.15|Remoinder
2025 0.50-1.2 | 1.0 3.9-50 | 0.40-1.2 005 | 010 ... 0.25 €15 005 { 0.15Remainder
3003 0.6 0.7 0.20 1.0-1.5 L P ode .. 10051 . 0.15| Remainder
3004 0.30 07 0.25 1015 | 0813 . 1. . i 025 0.05%% | 0,15 Ramainder
4032 11.0.13.5 ] w0 (05013 | 0.8-1.3 0.0 D.50-1.3 |, 0.25 [0.05 ' 0.15!Remainder
4043 4.5.60 | 08 0.30 0.05 0.05 r 010 ' 020 | 0.05i% 0.5 Remainded
4343465 | 4882 | 08 0.25 0.10 . R R -1 B 10.05 | 0.15| Remainder]
5005 0.40 0.7 0.20 020 105030 0 00 | 0.25 {005 ; 0.15| Remaindar
5050 0.40 0.7 0.20 010 10.1.8 | 030 ... 025 | . 0.05T T 013 Remoindar
5052 0.45 Si+Fa o.10 0.10 2.2-2.8 1 0.15.0.35 AT I I 0.05%) | 0.15| Remoinder]
5252 008 ! 010 0.10 a.10 22-28 1 . R | P 0.03 | 0.10! Remainder
5652 0.40 Si+Fe 0.04 .01 2.2.28 {0.15.035 ... 010 @ ... .. {0.05% | 0.15|Remainder
5154 0.45 51+Fe 0,10 .10 3.1-3.9 1095035 .,.... 0.20 0.20 10.05W® I 0,15 Remoinder
5254 0.45 Si+Fe 0.05 0.01 31-3.9 | 0.15.035 0,20 0.65 | 0.051% | 0.15{ Remaindar
5454 | 0.40 Si4Fe 0.10 10.50.1.0 | 2.4.3.0 |0.05.0.20 ... ... 0.25 0.20 1005 | 0.15| Remainder
5135 1 030 07 025 | 0.20-0.6 | 3.5.5.0 | 005.025: ... | 025 015 1005 | 015 Remainde
5054 ¢ 030 040 0.10 | 0.05.0.20! 4556 |005020]...... 0.10 ... | 0.05% | 0.15|Ramaindar
5356 i 0.50 §I4-Fe 0.10 | 0.05-0.20] 4.5-55 | 0.05-020...... 0.10 10.06-0.20 | 0.057% | 0.15]Remainder
5456 0.40 Si+-Fo 010 [0.50-1.0 | 47-55 0.05020...... .25 020 [ 0.05 ¢ 0.15 Remamder
. 5257 0,08 0.10 010 | 003 02006 ...... [T 0.03 | ...... 0.02 | 0.05{Remainder
5457 0.08 610 0.20 | 0.15.045| 0.8-1.2 L I 0.03 0.10 {Remainder
5557 0.10 012 015 |010.040| 0.40.08| ...... L e 0.03 | 0.10{Remainder
5657 0,08 0.10 0.10 0.03 0610 | . b 0.03 1 0.02 | 0,05 Remainder
5083 0,40 0.40 010 03010 | 40-49 | 005025, ..., 0.25 0085 T 6.5 Romainder
5084 | 0.40 0.50 0.10 | 0.20:0.7 | 3.5-4.5 | 0.05-0.25 0.25 0,05 | 0.)5] Remaindar
4101y | 030-07 | 0.50 0.1 0.03 | 0.35.08 0.03 ... 0.10 [ 0,030 | 0.10|Remainder
6201 | 0.50-0.9 | 0.50 0.10 0.03 .| 0.6.09 0.03 ... .. a.10 . : 0.039 | 0.)0] Remoinder
400370 | 0.35.1.0 | 0.6 0.10 0.8 0.8-1.5 035 ..., 0.20 0.10 ;E&DS 0.15 | Remainder
8011 | 0412 | 1O | 0.40-0.9 0.8 0.6-1.2 0.30 020 ; 1.5 020 [ 0.05 | 0.15[Remainder
8151 | 0612 | 10 0.35 0.20 | 04508 | 015035 .,.... 0.25 0.15 005 | 0.15!Remsindur
4951 0.20-0.50 | 0.8 | 0.15-040] O0.10 [O040-08 | ...... {...... .20 10.05  0.15{Remainder
6053 i 0.35 [ AT 2 S 11-1.4 1015035 ..., 0.10 0.05 | 0.15|Remainder
62535 @ 9.50 010 | ... 1.0-1.5 | 0.15.035 ... .. 1,6-24] .. 1005 ° 0.15 Remoinder
4041 0.40-08 | 07 015040 0.5 0.8.1.2 | 0.15.035 | . ... 0.25 075 0.05 [ 0.15[Ramoinder
4062 | 0.40-08 | 07 | 0.15040) 015 0.8.1.2 | 0.04.0.141 ..., 0,25 0.15 005 | 0.15|Remainder
6242 0.40-08 | 07 015040 015 0.8.1.2 | 0.04.004] .. ... 0.25 0.15 {00503 0.15] Remainder
4043 0.20-0.6 | 035 .10 0.10 | 0.45.0.9 010 ... AT 010 |0.05 | 0.15|Ramainder
6463 0.20-06 | 045 0.20 0.05 | 04509 DR D ‘ 0.05 | 0.15iRemainder
4086 0918 | 050 | 07-1.2 | 0410 | 0814 040 | ...... 0.25 0.20 | 0.05 | 0.15] Remainder
7001 0.35 040 | 1.6:2.6 0.20 2.6-3.4 | 0.18-0.40] ... .. 68.8.0| 030 |0.05 | 0.5 Remainder
7039 0.30 0.40 010 | 0.10-04¢| 2.3-33 | 0.15-0.25 3.5-45| 010 005 | 0.15]Remainder
707208 0.7 Si+Fe 0.10 0.10 0.10 R 0.8-1.3 . 0.05 0.15) Remainder
7075 0.50 0.7 1.2.2.0 0.30 21-2,% | 0.18-040 1 ... ... 51-61| 020 [005 | 015} Remoinder
7076 0.40 0.6 0301003008 | 12220 | . ... 1. 7.0-80] 020 |05 | 0.15] Remainder
7277 0.50 0.7 08-1.7 { ... 1.7.2,3 | 0.18-0.35| . ... .. 3.7-43) 010 |005 | 0.15 Remoinder
7178 0.50 07 1624 | 030 2.4-3.1 | 0.18-0.40 $63.73] 020 1005 | 015 Remoinder
7079 0.30 0.40 | 0,40-08 ! 0.10-0.30] 2.9.3.7 | 0.10-0.25 318481 010 1005 ! 0.15| Remcinder

(DComposition in percent maximem unless
thown or o range.

(@For purposes of delermining conformance
to theie limils, on obrorvad volue or o cal
culoted volue oblained from anolysis s
rounded off fo the nearest unil in the last
right-hand plote of figures used in sxpresting
the specified limit, in accordonce with Amar-
fcon Stendard Rulas for Rounding OFf Numer-
ical Volues {ASA I25.1}

(D Analysis is regulorly mode only for the
elements for which specific limits are shown,
excep! for wnolloyed aluminum. if, however,
the presence of other slements is suspected,

Source:

or indicofad in the course of rovtine anolysis,
further onelysis is made fa determine that
these other elemonis are not in axcesr of the
amount specifisd.

(I)The cluminum conten! for unolloyed olumi-
nym no! made by a refining process is the
difference balwean 100.000 parcent and the
sum of all other mefollic elements presant in
amounts of 0.010 parcent or mors soch, ex
prestad to the second decimal.

(DAlso contains 0.40-0.7 par cent each of lead
and bismuth,

@Elactric conductor,
(®Cladding on olclod 2024.

(DReflector shest.
®Foil,

Standards for aluminum wmill products.

New York, N.Y., October 196k,

-3"{...

{@®Cladding on clod 1100 ond clad 3003 re-
flector sheel,

{MAlo contains 0.20-0.6 percent nach of lead
and bismuth.

{iBBrazing ollay.
dnCladding on olcdad 2014.
(3Cladding on alclad 5056.
(WCladding on eolclad 2219, 3003, 3004,
5050, 5155, 8061, 7075, 7178 and 7O79.
i)Silicon 45 to &5 percent of magneiium
cantent.

Bearyllium 0.0008 moximum far walding
elecirode ond filler wire orly,

@ﬂoron, 0.068 percen! maximum.
é3¥onadium 0.05-0.15; rircenium 0.10-0.25.

ayBous conduclar,

The Aluminum Associlztion,



Table T7.~--Components of c¢lad products.

WiClodding competition is wopplicable only lo the alumisym or
aluminum alloy bonded fo the alloy ingof or slob praporatory to
ralling fo the specified composite product. The composition of the
dodding may be subsequently oliered by diffusion betwesn ths
tore and cladding due to tharmal treatment.

@Averogs minimum thickneeg of dudding per tide olter rolling to
the tpecified thickaest of sheet and plole will bs BO por:onf of the
nominol cladding thickness as determined by averaging dadding
thickness measurements token of o mognMication of 100 distreters
on the cross setlion of o fransverss somple polished and nkhl,d for
mikrotcapic examinakion,

Sources

Stendards for alumimum mill products.
New York, N.Y., October 1964,

Hp TOTAL THICKNESS | THOMINAL CLADDING THICKNESS
| comPONENT AtLaYs : ,E OF COMPOSITY % sioes PR $IDN :
DESIGMATION i PRODULCT i CLAD Percant of
CORE CLADDING | Inches ! Compasite Thicknats
i ! Up they 0.024 | Both 10
Alctod 2014 Shes! and plote 2004 ! 6003 0.025.0.03¢ 1 foth 7
A 0.040.0.099 ¢ Both 5
0.160 qnd aver H Bolh ) 2V,
) i ' o T Under 0.040 " Both 10
Alctad 2219 Sheet ond plate F¥ ARy 7072 0.040-0.099 Both 5
o e 0.100 und over __ _Both 1) _
Up thry 0062 Both 5
Alclad 2024  Sheet ond plate 2024 1230 0.063.C.187 Both 2%
o = . 0.188 and over Both l__'!i_?_'é_:l" L
Alctad 3001 Shaet ond plate 3003 7072 Al 0;:':' ; s
e e s e e m— s JU L. [t RN SR ——— - — -
r T i\ fvide 0
_ Alclod 3003 Tube 3003 7072 Al Ouhide s )
‘A_l_dqd 1004 Shnﬂ und pfnto 300-‘ 7072 _l All Both | 5
| Allod 5050 ‘Shestond plote | 5050 L T7o77 T T A U TBom o T
_k_A!clod 5!55 _Shas! and plate _ 5155 7072 Al§ Both 5 )
| “}"_9329;"3 Rad ond wire 3054 6253 AlE Qutiide 20% of tolal cross-isctional ares,
Alclgd 6061  Shaat and plate 8061 (7872 Al Both s
: | Up thru 0.062 Both 4
Alctad 7075 Shes! und plate | 7075 | 7072 0.043.0.187 Both Vy
S SO 0188 ondover | Balh . L. L
Atclad One Side 7075 T k Up thru 0.062 Ons
Shaet and plate 7073 H 7072 0.043.0.187 One 2%
AU ..l Ol88andover | Qne L E
Akiad 7178 Snect an 7178 1 7077 ] Al Both i
| Up thru 0082 Both 4
Alclod 7079 Sheat 707¢ 7072 0.063.0.187 Both Y
R SO ¢.V88 and over Both VA .
r Up thry 0.043 Qnse 10
| No. 1| Brozing sheet 3003 4343 0,054 ond over Qne 3
Up thro 0,083 Both 1¢
Mo, 12 Brozing sheoot 3002 4343 0.064 and over Both 5
Up thru 0.090 One 10
Mo, 21 Braxing sheet 6951 4343 0.091 and over One 5 .
: Up thre 0090 Soth 10
Mo, 22 Broxing shaet 4931 4343 0.09) and ovar Both 5 o
Up thru Q.054 One or 15
_Clad 1100 Refoctor shaet 1100 1175 0.045 and over Both 7
Up thru 0.044 One or 15
Clod 3003 Reflacior shest 3003 1175 0.065 and over Both 7V
@Alclad 2024 shest and plate in thicknestes of 0.188 Inch and

over gre furnithed with a nominal dadding thicknenr of 2V per-
cent unfers the thinner codding it specifically dwmignated.

@For thicknesres of 0.500 inch and over with 13 percent
nominal ¢lodding thicknens, the overege moximum thitknens of
clodding per side after rolling to the specified thicknets of plote will
be 3 purcent of the thickness of tha plote o5 determined by oversg-
ing cladding thickness measuremenis foken ol o mogniication of 100
diomeiers on the cross secton of o tronwerss sample polithed and
sfched for microscople examination,

The Aluminum Assocet~tion,
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