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CORROSION EMBRITTLEMENT OF DURALUHMIN.
IV. THZ USE OF PROTECTIVE COATINGS.

'By Henry S. Rawdon.

Light aluminum alloys of the duralumin type, that is, hizh-
_strength wrought alloys whose properties can be improved decid-
edly by hect treatment are of very great impor%ance; especiaiiy-
in the form of sheet and tubes, for aircraft construction. The
permanence of such materials when exposed %o corrosive condi-~
tions such as mey obtain in-aircraft service should be known,
however, wWith a high dezree of certointy and precaﬁtionary
measures taken to guard agdinst ony possible serious deterior{— B
tion in service. To obtain relisble information along this

line an investigation, the Tresults of vhich form the basis of
this series of reports (Reference 1), has been carried out =t

the Bureau of Standards. in cooperation with the National Advi-
sory Committee for Aeronautics, Bureaulof Aerdnautics of the =
¥avy Department, and Army Alr Corps. The leading manufacturers
have also perticipated in the investigation by furnishinz prac-
tically 211 of the materials needed. The investigation, which
wns started in the latter vnart of 1925, is still in progress and
finalland complete answers have not been reached on all points -

concerning the permanence of duralumin in service. The informo~
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tion which has been obtained, however, is of very considernble
value to both manufaeturers and users of aircraft and its publi-
cation at this time would seem to be warranted although possibly
gsome of the stotements made may be modified slightly in the 1ight

of future resultse.
I. Introduction

It hos been shown in a previous report (Reference 1 — N.A.C.A.
Technicsl Note No. 284) that the resistance of duralumin sheet to
corrosion, especially of the intércrystalline type, can be very
sreatly improved by proper treatment of the alloy. It does not
follow, however, that the use of protective coatings can be en-
tirely dispensed with. Corrosion of the more familiar type,
that is, by surface roughening or pitting, apparently nay occur -
regardless of the previous treatment which the alloy may have
received. So, for this reason, if for no othér, surface protec—
tion of durclumin parts will always be considered desireble in
order to emsure long life to the meterial, The methods used for
préteoting the surface will, of course, differ according to the
conditions which may be expected to occur in sefvige, thus, for
example, the type of coating.required for profecting parts fre-
quently, if not constantly, in contact with sea water, as in
seaplane floats, nust of necéssity be quite different from one 3
which would be found satisfactory for airplane parts subjected

only to atnospheric conditions far removed from the ocean. The
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physical ncture of a coating, aside from its imperviousness to
corrosive agencies, is also of importanée, especidlly its abil-
ity to.withstand'a considerable amoun% of'deformation without
the coating cracking or flaking from the base. :

‘No attempt was made in this investigation to study the rel-
dtive merits of the rmultitudinous coatings which have been pro-
posed for use on aircrafi., Since the investigation was primar—
- 1ly concerned with the subject of the irntercrystalline corrosion
of sheet duralumin, the coating methods snd other proteotive
treatments studied were confined largély to those which have ol
ready come into rathef wide comaercial usage and the tests were
nade with the aim of showing the effectiveness of these protect-
ive measures against corrosive attack of this type. In addition,
a few protective methods which seemed t0'offerfve;y distinct ad-
vantages over ‘some of thase alrcady .in use were included. The
real value of any protective means used to combat corrosion can
be determined fully only by service. Thé results of accelerated
corrosion laboratory tests. . are of value to the extent to which
they indicate what the behavipr in service may be expected to
be like. The results 3iven in this report must be considered in
this 1izht and the final and qomplete answer can only be given
when the results of the weather exposurs teéts, which form part
of the complete investigation and which are now under way, are
available. These results will form the subject of a subsequent

report.
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II. Types of Coatings and Test Methods

1. Classes of Coatings

The different types of protective coatings used on duralu-
min may be conveniently grouped into the following classes:

a) Varnish type of coatings. These coatings are non-
metallic in their nature and are applied by brushing, dipping
or spraying. Spar varnish, which is used in both the plain and
the aluminum pigmented condition is undoubtedly the best known
coating of this type. Coatings of a bitumastic nature and of

sodium silicate as well as those having a rubber base may also

be placed in this category. The behavior of a good many coatings

of this type when used on sheet duralunin in weather exposure
tests in a sea atmosphere, the tests being carried out in coop-
eration with the Bureau of Aeronautics, has been reported by
Gardner (Reference 2). The observations were confined clmost
entirely to an inspection ofﬁthe change in the appearance and
character of the coatings after six wmonths! exposure to the
Weather, No-determinaxions of the change 1n the strength char-

acterigtics of the underlying metal were made.

b) Oxide films.— The corrosion resistance of an aluminum

alloy nay be greatly improved by the formation of an oxide film
over the surface. This is done by chemical treatment, usually
of the finished article, and the method of treatment is often

electrochemicsl in its nzture. The protection afforded by such

1
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oxide coatings, which at the best are only very thin,. can be

greatly improved by the use of a supplementary grease or oil film,

c) Metallic coatings.— Of the various metallic contings

which night be used on duralumin, those of aluminum would seen
from thecoretical considerations, to be most suitable. A consid-
~erable amount of work has been done by other investigators on
the use of.zinc and cadmium coatings deposited by electroplating.
Such coating methods, however, have not proved nearly so useful
in service as some of those of the preceding types and are not
used comzercially to any appreciable extent at present. In this
iﬁvéstigation, the use of aluminum as a coating has been Ziven
special consideration. Such a coatinz cannot be deposited by

eiectrplytic deposition, however.
3. Test Hethod

In the tests relating to coatings, the same general method
as has been described in the preced;ng reports (Reference 1 -
N.A.C.A, Technical Notes Nos. 283 and Béé) was followed, that is,
full-size tension specimens of the sheet material, after being
coated as desired, were corroded and the tensile properties of
the corroded bars then determined. One shortcoming in the
method of testing used is that the accelerated corrosion test
does not, in some cases, include those factors which are most
potent in causing deterioration of some coatings. This is
particularly true of varnishes., On the other hand, the method

usually employed for the testing of ooa%ings of the paint



g.A.G.A. Technical Note No. 385 -+ - S
and varnish type would induce very little, if any, corrosion of
the underlying duralumin base unless the tests were continued
for a very long period after the coating has been broken dovm.
The intermittent immersion method whiéh was used does, however,
'éimulate in many ways the most severe service conditions which
alrcraft meterials are called upon to withstand, for exauple,

th

¢/}

conditions to whiéh seaplane floats are subjected.

At the time the first tests on coatced specimens were made,
the entire investigation had not progressed far enough to show
how tie susceptibility of duralumin to intercrystalline attack
can in 1érge measure be controlled by the method of heat trcat-
ment. The test results of the A and B materials, coated in
the gaxne manner, differed considerably as.is ghown in Figure 1.
The results obtained with the 'B! material which, in the "as
received" condition, was much more susceptible to attack than
the 'A', arc more indicative of the relative value of the applied
coatinys, thet is, in shéWing what the useful life of the coat-
ing is before the "breakdown" is so serious that the underlying
' metal is seriously attacked.

For the later tests, especially the weajher_exposuré tests,
sheet naoterial which had deliberately been made susceptible to
attack by quenching in hot Waéer vas used. With such specimcns,
o corrosive attack of the metesl can be expected to occur within
a relatively short time following the breakdown of the coeting
and thus shorten very materizlly the period necessory for a posi-

tive test of the ¢oating.
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III. Coatinzs of the Varnish Type

Most of the tests on coatings of this kind were carried out
upon tension bars coated in accordance with current practice in
aircraft construction. Specinmens representative of the three
coatinys in cormon wusage, (a) plain spar varnish, (b) the sane
varnish pigmented with aluminum powder, and (c) a coating of a
bitunastic base, were coated at-the Naval Aircraft Foctory.

Testinz of the three kinds of coated specimens for 20 days
in the "szlt spray," both sodium chleride and celcium chloride
beiny used, failed to show any morked difference in the proper-
ties of the three coatings.: As is shown in Fizgure 1, for taese
conditions, eaﬁh of the coatings Zave perfect nrotection to the
duralumin 5enea¢h for this length of time. When tested for 40
days by the intermittent imnmersion =iethod in-% CaGl2 solution
(approximctely 1.5 per cent by weizht) the results, especially
for the material -having the lower corrosion resistance, showed
that some corrosive attack of the metal had occurred. The re-—
sults for the three different coatinzgs, however, 4did not diffex
enough aaong themselves to warrant any conclusions as to their
relative nerits. When oxidizing solutions were used, the break-

down of the coating, as indicoted by the corrosive attack upon

the underlying metal, was unmistakable. The dezree of nrotection

afforded by the bitumastic coating was somewhat better than thaﬁ
of the other two. The aluminum-pignented spar varnish was found

to be sozmevhat inferior in its protcction, under the conditions
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used, to the plain varnish, which is in oppositibn to usual ex—
perience in service under atmospheric exposure. Thus, a recom-
mendation for the use of any one of thsesse three types of coating
in preference to the others on the basis of these results, would
not be worranted. "Failure! of the coating, resulting in the
corrosive attéck of the underlying metal, usually was revegled
by the formation of "blisters" as the coating was loosened froi
the ﬁase. The blisters varied in size, some of the largest "
ones being apnroximately 4 inch in diameter. The aluminum-

pigmented varnish showed the greatest propensity to fori these

"plisters", this being especially true for the hydrogen peroxide

and the hydrogen peroxide-sodiun chloride solutions.

The blisters beneath the coating were filled with gas.

The results of analysis of the gas collected from the blisters

which formed under an aluminum-pigmented coating indicated that
it contained'approximately 30 per cent of oxygén, 9 per cent

of hydrogen, and the remainder, nitrogen, with traces of ccorbon
dioxide and carbon monoxide.

In brief, it nay be said that on the basis of the results
obtained with these three types of coatinss, it would seea that
neither of the spar varnish coatings, plain or pignented, is
satisfactory for duralumiﬁ parts which are in direct coatact
with sea water for a great deal of the time.

T™e dGifference in the behavior in atiospheric service of

spar varnish coatings, both plain and pigmented with powdered

I'||\
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aluainum, is indicated by the resul%s of a serics of tests
(Reference 3) carried out to show the perrieability of such coat-—
in¥s to woter vepor. Varnish filme of three compositions 8,

30, and 50-gallon varnish, (8, 30, or 50 gellons, respectively,
of tunz oil to 100 pounds Tosin) both- in the plain and the
aluninum-pigmented condition {3°pounds Eluminum per galion)

wnich were formed on a supporting network of 100-mesh sieve wire
cloth, were exposed to the atimosphere. The specimens ﬁhich Terc
exposed on one:of the Bureau of Standerds buildings were inclined
45 dezrees to the horizontal and faced-:south.

The permeability of ‘the films to water vapor was detcrmined
in the following manner: . The vornish filiy, on its supporting
network, was fastened over o suall glass Petrie dish containing
calcium chloride, the initial Wweizht determined, and also the
weight after 30 hours! exjosure in cir saturated with moisture
and 1 hour'!s conditioning in an'atmosphere'of 33 per cent relo-
tive humidity, 30°C. This was donie ot the end of each successive
exhosure period.” The 'initial permeabilify'of the coating, that
is, before.any exposure to the weather, was also determined.

The rcsults obitained for 43 wecks' cexposure are given in Fizure 3.
The "30-gallon" varnish may be considered - gt répresentative of a
spar varnish of very good comaercial grade; a "shért oil" varnish
representéd by the "8-galion' varnish is not intehnded for out;éf—
doors service. This is borne out by the very short life shown

.by this material in the perwmeability tests. The gréatly increased

life of coatings of this same grade of varnish by pigmenting it
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with aluninum powder serves as a striking illustration of the
relative value of these two types of varnishes for atmospheric
gervioé. The results obtained for the plain "30-zallon! varnish

indicate that the breskdown of this coating was under way after

approximately 40 weeks! exposure. As judged by the behavior of
the "8-gallon varnish" films, the aluminum-pigriented "30-zallon
varnish" filme, as well as thosc of the "lonz oil" varnish, :ay. .

be expected to show high resistance to penetration of moisturc

for many menths to come,

Bitumastic coatings, pigmented with aluminum powder, ore
used to some extent in actual service. A number of specimens
representative of the pigmented and of the plain bitumastic -
coatinys were prepared by the Naval Aircraft Factory for the B
tests reparted here. The results obtained Ey meons of o severely N
corrosive solution (sodiwm chloride and hydrogen peroxide solu~—
tion) are sumiarized in Fizure 3. These results indicate no -
pronounced difference in the degree of protection given by these -
two cootings when corroded under the conditions used. Blister-—
inz and some flaking of both types of coatinz occurred after )
prolonzed attack. A preliminary oxidigzing treatment of the
metal surface, either by the anodic treatment or by ilmmersion -
in a dilute nitric acid solution, before fhe bitumastic coating
is applied is, on the basis of these test results, not to be °
recomnended. Especially is this true for the nitric acid treat-

ment. Very good protection waos shaown by the piguented bitumastic
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coatings on specimens which had previously received anodic oxida~
tion but not with the »plain bitumastic coatings used under the
sane conditions. The advantage tc be gained by nigmenting bitu—
mastic coatings is probably of the same general nature as that
shovn by the tests on plain and pigmented varnish (Fig.2), thet
is, the retardation of the deleterious action of sunlight and
other atmospheric agencies.

Sodium-silicate coatinzs have been found very satisfactory
for aluminum alloy coatings for some types of service (Reference
4), but such coatings have not been used tc any extent on sheet
material. Corrosion tests were carried out on a number of ten-
sion bars which were coated for the investigation in the labora~
tories of the Army Air Corps at McOook Field, Dayton, Ohio,
where this method of coating has received most attention. The
specimens after cleaning were immersed in a sodium silicate so-
lution (1.1 sp. gr.) for 30 ninutes, air dried for 10 =ainutes,
then "baked," the temperature being held at 230°F (110°C) for
10 minutes, then raised to 280-300°F (140-1509C) and maintained
for 30 minutcs. The results obtained in the tension tests of
corroded specimens, Which are summarized in Figure 3, indicated
that for mild corrosive conditions, such as a solution of hydrc-
gen percxide in water, the sodium silicate cooting gave very
good protection. Under severe corrosive conditions, such dsla
solution of sodium chloride and hydrogen peroxjde, the coating

was quickly broken down.
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A recent coatinz method which has shovyn promise of belny
very useful for dularumin consists in the use of a special alui-
inun-pigmented rubber cement, applicd to the surface in the form
of a solution. This type of rubber céménﬁ, "Julcalock, " which
is saidffo consigt larzely of a rubber isomer, produced-by an
acid treatient from ordinary zrubber in hydrocarbon solVents,:
has the property of clinging tizhtly e€ven %o a polished metol
surfaoe? éo that very good adhesion can be séoured without pre-
1iminarj roughening of the surface. The prescncc of traces 6f~
o0il on'the.metal surface to be coated does not appear'to p::'c;~
vent adhesicn as Would be the case with varnishes. As réoeived,
the cement contains no aluminum powder, This nay either be 1ln-—~
corporated into the cement, before it is applied to the surfacc
by -brushing, or it may be dusted on to the "tacky" rubber sur—
face and then brushed down. Duralumin sheet penéls coated with
this type 6f rubber coating, both in thc.plain and the aluminum-
pizmented condition, were exposed to the accelerated weathering
test ewmloyed in the tosting of paints and varaishes. (The
number of 34-hour cycles, each cycle including successive ex—
posure to ozonized air, "rain" spray, ultra violet radiatioh,
and refrigeration, required for breakdown of fthe coating, is
taken as ﬁ-measure of the 1ife of the coatinz.) Speciﬁens coat—
ed with the plain ("non-aluminized!) rubber éemént coatina wére
removed at the end of three days as "failed," but specimens with

the aluminum-pigmented rubber coating are still in very zood

i
b

1.
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condition after approxinately seven months' exposure tc the ac-
celerated weathering test.

Because cf the marked effect of the aluminun povder in »Hro-
tectinzi the coatiny froa deterioration, it should be pointed
out that poor service results obtained in the past with plain
rubber coetings should not be taken as e%idence against the use-
fulness of the combination of,sPeciai ceient nnd aluninun pow-
der here sugrested.

This type of corting asperrs to be especinlly_applicable
for those parts where fleoking of the ordinary type of varnish
coatings would occur in a-relatively short time as a result of
vibration, flexure or .similar conditicns, as has‘been shQWn by
the results of tests now in progress in which specimens are

corroded vhile beinz subjected to repeated flexure,
IV. Oxidation and Other Surfhce Treatments

The condition of the surface is a factor of very consider-
able importance in determining the rate at whichk a corrosive
attack of sheet duralumin procecds, marticularly durinz its
early stages. Specimens vhich are palished, as a rule, show a
greater ccrrosion-—-resistance than do specimens 6f the same nater-
ial in the "as rolled" condition. When mild corrosive reagents
are used the advantoge of polishing is more pronounced than
when severe ones are used, Fron a comparisoﬁ of %he results

obtained con specimens nolished by buffing with those polished
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by hand in a wanner similar to that used in the preparation of
metallographic sections, it appears thot ot lecast part of the
superior corrosion resistance shown by polished surfoces should
be attributed to the grease vhich is present in ordinary buffiag

compounds.

8. Surface Oxidcotion

It has long been known that an oxidized aluminum surface
resiste corrosion better than a "fresh" surface does. The sgiae
is true of a number of other metals. & comnercisl nethod for
the protection of duralumin and other sluminum alloys based
upon this fact is that commonly known as the "anodic treatnent™
(Reference 5). The method consists in using the material to be
treatcd as the cnode of a sultable electrolytic cell. A solution
of chromic acid is generally used as the electrolyte. In pre-—~
paring the specimens for the tests described below, the shect
steel container functioned as the cathode. By means of a second
or outer ccntainer through which either hot or cold water could
be passed ns desired, the temperajure of the entire unit was _.
naintained at approximctely 4006, and the treatiment was ollowed
to continue for ome hour. The voltege apwlied, which initizlly
was quite low, was increased to approximately <0 volts in 15 min-
utes and finally to 50 volts just beforé the end of the "run.m
This treatment is essentially that descriﬁea in the reference '
cited above, 1In order to avoid "contact" difficulties, the

junction between the duralumin specilren to be treated and the
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connecting wire must be exceptionally well protected from the
solution, or, nreferably, the juncticn should be above the solu-
tion. In the treatient of the tension bars this was done by al-
loﬁing one corner of the bar to project above the solution, and
in other cases, by using a narrow "tail' of metal Which procjected
above the solution level and which was sheared off after the
treatment had been finished,

A 8light loss of weight ordinarily occurs as z result of
the anodic oxidation treatment. This varies slightly in differ-~
ent acterials, perhaps depending unon the previous heat treat-
ment, and was found to ranze from .00l to .004 oz./sqa,ft. (ap-
proximately). The tensile properties are affected only to a
slizht degree by the itreatnent; sometimes the elongation is
found to be lowered slightly but no general conclusion in tais
respect is Warranted. The results in Figure 4 illustrate the
maznitude of the chonge in the tensile properties. In.the com—
mercial use of the anodic oxidation process as a meens for pro-
tecting duralumin against corrosion, a supplementary treatment
whereby a thin grease film is formed over the entire surface is
recqmmended. Lanoline hags generally been used for this pursose,

In the results reported here the lanoline, when used, was usual-
1y applied as a solﬁtion_in benzene, the amount of the grease
used in the film being very small (approzimately .05 to .10 oz./
8q.ft.). In addition to the very uniform distmibution of the

grease film formed in this manner, the use of such a solution
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has another very distinct advantage in that it penetrates into
all crevices in riveted parts and the 1like, in which corrosion,
if it occurred at all, would be expected to occur sooner than
elsevhere on the specimen. The solution con be applied by dip-
ping, bfushing, or sprrying. Spraying with an atomizing nozzle
that will produce a very fine mist would appear o proaising
method for the initial application and periodic re-greasing of
the fromework of an airship, for example,

.The results of tension tests of duralumin specimens which -
had been given the anodic oxidation treatment previous to being
used in acceleranted corrosion tests of the kind alresdy de-
scribed showed that the oxide film, even without greasing, af-
forded a very cgnsiderable degree of protection agcinst inter—
crystalline corrosion when a mildly corrosive solution such as
dilute hydrogen peroxide solution was used. This is ghown in
Figure 4, With a sevérely corrosive reagent, such as the solu-
tion containing both sodium chloride and hydrogen peroxide, the
results showed that the protective oxide film was broken down,
although there was some indication that the attack had been re-
tarded appreciably in the early part of the exposure period.

The oxide film has a smooth surface and may, indeed, be
forned so smooth that it is almost glass-like in appearance.
Severe bending or other deformation causes no flaking of the
film but does result in microscopic fissures through which corw~

rosive agencies gain ready access. Thig is shovm by the results

l‘ i
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of the corrosion tests made on treated specimens which were per-
manently stretched prior to corrosion (Fig.4).

The use c¢f grease on specimens which héve received the
anodic oxidation treatment increases the corrosion-resistaonce
of such neterial many-fold. As already nentioned, lanoline is
generolly used for this purpose. Other greases or oils may be
used, hovever, apparently with equally zocd results as is shown
by the data.summarized'in'Figure 4. ‘The oxide coating is neces—
sary, however, to serve as a "body! for holdinz the grease filn.
Speciméns to which a film of grease Was applied directly on the
untreated surface were found to be almost as readily. attacked
by the sodium chloride-hydfogen neroxide solution as were con-
panion ungreased’épebimens and ﬁs were also similar specimens
which hed been.given ihe anodic oxidation treatment but no Zreas-
ing. The cémbination of the aﬁodic oxidation and a greasing
treatment, however, gave almost coﬁplete'protection under the
same severe corrosive conditions. As compared with lanoline,
conmercial slushin@Z grease, castor oil and lard oil were found
to give essentially the same degree of protection (Fiz. 4).
However, if a relatively thick grease cocting, e.g., slushing
grease, is used and particularly if aluminum powder is used with
it so as to give it "body" and =2lso o more resistont surface
(as in the method Wwhich has been used in practice by 0. W. Hall
even upon duralunin surfaces not anodically treated), a very

high degree of protection of duralumin sheet against corrosion
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can be secured. Information on the further behavior of this
type of coating .is being souzht through the weather-exposure
tests nov under way, the results of which will form the basis
of another renort. )

The exomination of the microstructure of the corroded spec-
imens, the results of which are swiarized in Fizgure 5, serves
also to demonstrate the degree and the nature of the corrosive
attack which occurred in spite-of the "protective" coatins on
the surfeace.

A simpler method for the production of an oxide film on
duralumin or other aluminum alloys consigts in immersion in
dilute nitric acid. Presumably, cdmparable results may be ob-
*tained by wmeans of other oxidizing solutions. The surface filn B
produced by dilute nitric acid is wmore "open! in its appcar—
ance than is that produced by anodic oxidation. Under severely
corrosive conditions, it affords no protection whatsoever but
against mild corrosion attack it does protect to some extent,
as is indiceted by the results in Figure 6.

Another method for the surface treatment of aluminunm and
its alloys waich is usually referred to by the name of its orig-
inator (Reference 6), consists in inmersion in a hot solution,
the coumosition of which may be varied considerdbly according
to the .published description of the method. The process is de-
cidedly empirical in its nature but the solutions usually con~

tain a chromium salt and a dichromate together with some carbon-

A
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ate (sodium or potassium). Other substances, the purpose of
which is not at all clear, may be present in some of the differ-
ent solutions. The appearance of the finish produced by this
treatment varies somewhat with the alloy and especially with the
initial character of the surface treated, that is, the degree

of polish, freedom from oxide films and the like. The coating
is of & pleasing iridescent gray color and often has a smooth
glasslike finish, The tensile properties of heat—-treated sheet
duralumin are not affected to any extent by heating for 30 min~-
uies or so at 100°¢ 5ut, as explained in a previous report, such
a heat treatment, in itself, would be expected to result in a
somewhat lower corrosion resistance. The results summarized in
Figuré 7, clearly show that thie treatment gives some protection
agoinst mild corrosion, for example, N/10 sodium chloride solu~
tions (approximately .5 per cent by weight). When corroded with
& more concentrated solution of sodium chloride, a normal solu-
tion (approximately 5.8 per cent by weight; sea water contains
about 3.3 per ceant NaCl), the treated speciméns were attacked

to apm oximately the same degree as untreated specimens except
.that, in the early stages of the attack, the coating retarded
the corrosion somewhat. The "grease-holding" properties of this
type of coating are not nearly so good as the oxide coatings
produced'by the anodic treatment and in general the coatings
would be recommenéed;_on the basis of the laboratory tests, only

for very mild service.
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V. Metallic Coatings

From theoretical considerations, such as that of solution
potential, it would be concluded that aluminum is the most
suitable metal to use for coating duralumin or other aluminum— -
base alloys if a metellic coating ie desired. As has been L
pointed out in earlier reports in this series of technical notes,
unalloyed aluminum is not subject to the intercrystalline type
of corrosion. An aluminum coating in such intimate contact
with the duralumin that it becomes a part of the sheet itself,
adds structural strength to compensate for the added weight,
whereas other types of coafings do not. This is the only coat-
ing metnl which was used in this investigation. ZElectro-—
deposition as a conting method is not at all practicnble in the
case of aluminum coatings. The most convenient and dependable
means for the application of aluminum continge to specinens
for use in the laboratory study of the problem is the metal
g aying method. It is not to be inferred, however, that this
method is good only for the laboratory. For certain phases of
the problem of the protection of duralumin against corrosion,
the metal spraying process is particularly well adepted, al~
though in the case of sheets and the products fabricated from
sheets, & special coated sheet referred to below as "Alclad!
(aluminum—-clad) is now used commercially. This product may be

regarded as the logical commercial development which embodies
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the ﬁrinciples which were estoblished as a result of the tests.
carried out on:sbedimené déated'by'spraying then with aluninum,

A sprayed-metal coating adheres to the base in a mechanical
way only, as a paint does; there ig no alloying of the base
rretal with éﬁé‘cOntiﬁg metal. It is necessary therefore, in
order to secﬁre'géod adhesion, that the surface to be conted be:
given a'prelimiﬁdry treatment of some sort. Usually'this con—
sists in d'slight roughening, sand-blasting being used for the -
purposé; This is one obstacle to the ready avplication of the’
metal spraying method for the coating of duralumin sheet. The
mechanical properties of the sheet are affected decidedly by’
the sand blasting end in the case of very thin matérial, the
method would probably:not'ﬁe feasible ot all. In the case of
sheet of thé'thickness used for most of the tests of this inves—
tigation (l4-gzuge), however, although the sand blasting had a
pronounced hardening'afféct'upon the ﬁaterial;'as is shown by
Figure 8, This effect could be entirely removed by heat treating
the naterial afterwnrds. This was done after the aluminum coni-
ing had been bprayed on to the test specimens.

'A very di%tiﬁct advantage of {he metnl spraying process as
a coating method is ‘the range of coating thickness thot cen be
readily'éﬁd easily obtained., For the tests reported here, the
average weight of coating applied was .0042 oz. per sg.ft. of
surface (.0028 %o .0056). | |

In preparing the metal-sprayed specimens for the early
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tests, aluminum wire of two different compositions was used;
one .of good commercial grade (Ou, .10%; Fe, .20%; Si, .13%;
Sn, Ni, Mn, Zn, Cr, Ca, Mg, not detected) and the other of high
purity (Cu .08, Fe .05, Si .03, other elemente listed above,
not detected). No essential difference in the behavior of the
coated specimens was shown by the corrosion tests carried out
and in the later tests, the coating was done with only the com-
mercial grode of wire. Experinments with the metal spraying
process, made in connection with other investigations, hqve in—
dicated -the advaentage to be gained in using an inert ges for
spraying instead of compressed air, the coating being denser
and apparently more impervious. In the tests which were mads
on duralumin test bars sprayed according to these two methods,
however, no marked difference wes noted in the behavior of the
two sets of specimens coated in these two waye when subjected to
very severe corrosion (Hadl + Hgoz). Hence, the commercial
type of gas—~heated metal spray gun using compressed air, should
be suitable for spraying aluminum for the purpose under discus—
sion. In one case. only, and then only after a prolonged attaock
(21 days), was any sure indicqtion obtained of a "breakdown! of
the aluminum coating during corrosion. In all other ceses, as
shown by the results in Figure 8, complete protection was ob-
tained, the differences in the tensile properties of the coated
specimens after corrosion being of the gnme order of magnitude

as those which would be shown by & series of uncorroded specimens.

A
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Sprayed-oluninum contings are not demaged very ecsily by deformo-
tion such as cold rolling or stretching. ' Sprayed specimens
which were. corroded after being cold-rolled or stretched (4 per
cent) showed a resistance 10 corrosion which in all essential
respects wes no'lowér thon that of sprayed specimens which had
not Been -deformed prior to testing (Fig.8). .The ability .of
- the aluminum corting, whether spreyed or as "Alclad!. to be
scratched or dented withoui-bariﬂg the -duralumin gives such
coatings marked advantages When rTough usage is. to be expected.
.. Sprayed. specimens wahich were given a grease film (lanoline)
wi%hstﬁcdﬂperfectly very. severe corrosion attack for 40 -days.
Except for very severe prdlonged ebtack, the: greasing treatment
would not deerm to be necessary, however, for coatings of this

ty'pe- v
: 'uA 1 c 1.8. an

This material, which is now commercially available in sheet
form, has already been described (Reference 7). Its development
- resultedfrom tixe same considerations that prompted the use of
sprayed—aluninum continges in the laboratory corrosion tests sum—
norized above. Details of the method of manufecture -have not
been published as yet, but this information is not'needed_for a
full appreciation of the:superior properties of this type of
sheet material, It probably differs:litfle in principle from the

rnethod commonly used for the production of such materials as
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"copper—clad" steel. In its finished condition, "Alclad!" con-
sists of o sheet of duralumin (or other high-strength aluminum
alloy sheet may be used), each surface of which is covered by a
coating of aluminum which, as & result of the rolling of the
coated slab together with the annealings intermediate between
rollings, has become firmly alloyed to the underlying duralumin -
and forms an integral.part of the finished sheet. No buckling, or
separation of the coating and base, occurs upon bending the sheet,
even 1f the deformation is wvery severe. The relative thickness
of the aluminum coating as shown in Figure 9, whicp depicts a
cross éection of a sheet of this material, is quite representa-
tive of material of the thickness used in the tests (1l4-gauge).

While the initial strength of the triplex sheet is, of .
course, slightly less than one of the gsame thickness consisting
of duralumin alone, the comparison should not be made on the
basis of initial strength only. 4 comparison made between an
unprotected duralumin sheet and an '"alclad" sheet, in which the
unprotected one had begun to suffer appreciably from intercrys-
talline corrosion after say, & ysar's exposure in service, would
ghow little difference on the score of strength but a great superu‘
iority for the protected sheet on the score of ductility and free-—
dom from brittleness.

From the results summarized in Figure @, it will be seen
that this material shows an exceptionally high degree of resist-

ance even to prolonged corrosion under severe corrosive condi-
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tions; Ordinarily, no precaution need be taken to guard againsﬁ
corrosion of the cut edges of "Alclad" sheet. However, if the o
material- has been heat-treated by quenching in hot water, 1% ap-

pears that the cut edges must be protected. Tests of specimens

of "Alclad!" sheet which had been gquenched in hot water gave re-

sults very.much inferior to those obtained with the same mater—

ial which had been guenched in cold water. Microscopic examina-—

tion showed that corrosion had occurred where the duralumin

basge was exposed along the cut edges of the specimen., Without
quesfion, the lower tensile properties obtained under such coﬁ»

ditions are to be attributed to this, since no failure whatever

of the coating itself was detected in any case.
¥I. Summary

1. Although the corrosion iesistance of sheet duralumin
can be greatly improved by suitable heat treatment, proﬁection
of the surface is-still necessary if long life under varied
service 'conditions-is to be ensured. On many points concerning
the gservice behavior of the cootings, information which con be
gained only from the weather—exposure tests now under. way is

necessary before final conclusions cen be drawn.

8. The coatings used for this purpose may be convenientiy
grouped into three classesjy the varnish type of coatings, which

are nonmetallic in their nature and are applied by brushing,
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spraying or dipping; the oxide type produced by a chemical
treatment of the metal whereby the surface metal is converted
into a film of oxide or gome similar compound; and metallic coat-

ings, of which aluminum appears to be the most promising.

3. The test method used wes similar o that described ih
previous revorts and consisted in the corrosion of full-size
tension baors which had béen conted in the desired manner, the
effectiveness of the coating being shown by the results obtained
When-the bars were tested in tension after being corroded. In
order to obtain by this method ‘the most definite and rapid indi-
cations as to the relative merits of any given coating for use
on duralumin, the dﬁralumin sheet used should be in such a con—
dition as to be, in the unconted stote, readily susceptible to

intercrystalline corrosive attack by the solution used.

4. Specimens were prepared at the Naval Aircraft Factory
repregentative of the three most commonly used cootings of the
varnish type, viz., plain spar varnish, spar vernish pigmented
with aluminum powder ond bitumeastic contings. Tests by the
tspray" corrosion test and by intermittent immersion failed to
show any pronounced differencés in the three coatings. All
showed high resistance. Oxidizing solutions caused a breakdown
of the contings, the bitumastic being most resistant. Foilure
of all the coatings of this type in immersion tests usually oc—

curred by "blistering" of the coating. By determination of the
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progressive chonges in the relafive permeability %o moiéfﬁfé-df
coatings of plain and of aluminum-pigmented spar varnish coat-
ings, as a result of weather exposure, the pronounced advantage
to be gained by the use of aluminum powder in such coatings for
stmospheric service was clearly indicated.

No pronounced difference in the behavior of plain bitumas—
tic and aluminum-pigmented bitumastic coatings for severe corro-
sive conditions was shown by the tests corried out. Sodium sil-
icate coatings when used on sheet duralumin are suitable only
for mild corrosive conditions. The baking treatment which this
coating method necessitapes would be expected to lower somewhat
the general corrosion~resistance of the uncoated material. Rub-
ber coantings when pigmented with aluminum powder gave results
in laboratory tests indicating their decided ‘usefulness as a

means of protecting sheet duralumin.

5. The character of fhe surface, especially'the degree of
polish, has a noticeable_effect upon the rate of corrosive at-
tack provided the attack is a mild one. Much of this effeact
should evidently be attributed to the grease incorporated into

the polished surfece from the buffing compound used.

6. Oxide cortings can readily be produced on duralumin and
other aluminum alloys by the "anodic" method, the material to be
treated'being made the anode of an electrolytic cell with a so-

lution of chromic acid as the electrolyte. Such coatings when
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greased showed very superior protective properties, even under
very severe corrosive conditions. For this protection to con-
tinue in cctual service, the grease film must remain intact.
Re~-greasing will be necessary from time to time. Exposure tests
with different re-grensing schedules are under way. The oxide
film is necegsary in order to "hold" the greasc; simple greasing
of the surface, except in the case of a very heavy coating used
togecther with aluminum powder, falled to protect duralumin under
the same conditions for which the. "anodic" oxide coatings plus

a grease film gove perfect protection. Cootings produced by
anodic oxidation unless greased cannot be relied upon except-for
very mild corrosive attack. Oxide contings produced by prolonged
immersion in dilute nitric acid are decidedly inferior to those
pfoduced by anodic oxidation. Likewise, the coatings produoéd
the Jirotka method of inmersion in & hot solution of a chromium
snlt, and a dichromnte together with other additions, failed to

protect durnlumin sheet except under mild corrosive conditions.

7. Aluminum coatings con be readilv applied to sheet duro~
lumin by metel spreying. In order to obtrin good adhesion, the
surfaceg nust be roughened before being sproyed, which is usunlly
done by sand blesting. The changes induced by this trentment
would prohibit.the use of this method on very thin sheet. On
sheet -of the thickness used for the tests, lé4-gauge, the ili

effects of sand blasting were readily removed by heat truating

L2

.

iw
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after spraying. Aluminum-—sprayed cocntings showed a very high
degree of protection against very severely corrosive conditions
even when the coated sheet, before corrosion, had been subjected

to deformation by cold rolling'or by stretching.

8. The advantages of aluminum coatings as a means of pro-
tecting duralumin against severe corrosion, shown by the results
of the tests with metal spreyed coatings, have been embodied in
~the development of "Alclad," an aluminum-coated duralumin sheet
now.conmercially available, In order to obtain the highest de-
gree of protection, However, this material should be heat-
treated by gquenching in cold water. If hot water quenching is
used in heat treating it, corrosion of the underlying duralumin

along the cut edges may be expected to occur.

9. t+ will be noted that the newer cooting methods which
aprear nost promising on the'basis of the evidence so far obtain-
able, (a) metallic aluminum, (b) oil or grease over the anodic
cocting (with frequent re-oiling for thin oil coats or with
aluminum powder over heavy coats), (c) tight-clinging rﬁﬁber
cement carrying, or covered by, aluminum powder, - do not readily
crack, flake nor bare the duralumin beneath, on weathering and
vibration, which is in marked contrast to the ordinary "alumi-
nized" varnish or bitumastic contings. Those cdntings, whose
behavior is known from service experience will, of course, con-—

tinue to find use. The newer coatings, except the Y"eluminized"
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rubber which is, as yet, used only to & limited extent, arc also
beginning to come into commercial use and thelr sultability
shoﬁld soon be better understood. The nmetallic aluminum contings'
will stand quite severce abuse, sﬁch as scratching or denting
without baring the duralumin. Tho flexible oil or rubber coot-
ings can, of course, be scratched through, but will withetand

far more abuse than o weathered varnish-type cooting.

Any of the flexible coatings moy be applied over the aluni-
nunn conting, to give added protection for severe service. It
would appear thnt seaplanc floats made of "Alclad" and contoed
with aluminizcd rubber cenent deserve service tests.

The choice anong Qhe;e verious coatings or combinations of
coe, tings will have to be made on the basis of the particular
conditions to be met in service and on the weight that can be
allowed in order to secure protection. Exposure tests ﬁnd serv-
ice tests will be required to tell just whot combination gives
the best results for any particular caose.

As soon ag the exposure tests have progressed sufficiently
to give enough definite informetion to warrant it, the regults

will be reportéd in another technical note in this series.
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