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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
TECHNI@AL MEMORANDUM NO. 404. '

THE PROTECTION OF DURALUMIN FROM CORROSION.*

By Lieut. Comdr. Wm Nelson, (CC), U.S8.N.

The nature of duralumin as now made is such that if left
uncoated and unprotected in the uses in which industry emplovs
this 1light alloy, corrosion will take place and the physical
properties will be reduced accordingly. That a stainless and
noncorrodible alloy is possible is’wifhout the scope of this
paper and the use of some form of covering to preserve the
material against the ravages of corrosion is presumed to be
neoesséry. It is to this covering that most metals have turned
for proper maintenance so it is logical that duralumin should
also seek protection therein without a feeling of derision |
arisiﬁg.

Coatings are used in most cases for their preserving ef-
fects, but other reasons for the application exist and must be
given due consideration in any arrangement proposed. The mat-
ter, therefore, becomes excéedingly complicated unless the’
relative importance of each function is specified. With dural-
umin in aircraft it is assumed that protection of the material
is the dutstanding feature to be attained, all other objects

being secondary thereto.

*From "Aviation," November 8, 1926.
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Aircraft construotion demands the use of relatively thin
sections of duralumin. These thin sections of metal in turn

fail rapidly and completely unless special protective coa?ings

are used. The stage has not been reached yet where our/%;éft

will stand the added weight of scantlings provortioned to take
care of a reasonable amount of corrosion, so the pfoblem resolveé'
itself into a case of preserving the original dimensions by the
avplication of paints, varnishes, or other coverings high-

powered in their ability to inhibit deterioration in any form.
Duralumin Problems are Specialized

Wood. construcfionband steel éonstruction have neretofore
prevailed.as strucfures and relatively satisfactory protections
have beén devised for fbem. On the other hand, aluminum‘alloys
are new, and the differentlbehavior<of platings and paints on
duralumin cdmpared to thﬁt on steel requires the establishment
of precedents not previously existing. Examples of attempts 1o
follow the technique laid down for other metals on the protect-
ing of duralumin have resulted in diemal failures with éxperi—
ence again acting as the expensive teacher. It is an 6pinion,'
however, that more efficient means for resisting deterioration
in steel and wood will come from the developments_of duralumin
coatings.

The fundamental prihciple of vrotecting duralumin from corro-

sion can be stated 4o be the establishment and the maintenance
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of an inert insulation'betweeﬁ the metal and the corroding medi-
ums. In aircraft, fhe corroding medium with which we are most
concerned 1is moistufe, so our problem recolves itself into water-
nroofing the surface of the metal. This, for aluminum alloys,
is far more Cifficult than most enginecers are willing to admit,

: ' air
and so far duralumin/creft have suffered the consequences.

That duralumin can te vrotected against corrosion has been
amply demonstrated in tects and in practice. That the matter
demands detailed cere has 2lso been demonstrated in tests and in
nractice. ZExamples are available, however, where duralumin has
served well without any protective finish, but these examvples do
not meest the servipe to which duralumin structures are now put
and for that reason are not representative. It 1is noteworthy in
this connection that as long ago as 1836 extensive tests were
conducted to exemplify the value of varnishes and vpaints on alum-
inum. It is also of interest to note the apparent lapse of at-
tention tc the matter between that time and the vresent. Today,
it is recggnized that the 1ife of the metal is dependent on an

£

efficient preservative.

If the surface of durélumin ¢ould be made impervious to cof~
roding mediums at no expenditure of weight, we would arrive af
the ideal solution. 'Many factors enter into the practicability
'of that problem, however, and the ideal is not reached. ©So our

efforts ere concenirated on obtaining a coating or finish which

will be corrosion resistant by presenting a neer tight film at a
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reasonaﬁly low expenditure of weight and coczt.

Inlconsidering and comparing finishes and éoatings as a pro-
tection for cduralumin, it is presumed that any failure of the
coating will eventually result in -corrosion. Thals 1s not exactls
true, but, by comparing the establisiment and maintenance of an
ihtact fils rather than the many factors enteriné into ths corbhi-
nation of coating and corrosion, we reduce the difficulties.
Therefore in the fbllowing, the oovefings are compared on their

own merits with questions on corrosion entering tc suit.

Preliminary Considerations

Consideration must be given to three things in drawing con-
clusions on protecting mediums for duralumin, namely:

(1) Preliminarv work on metal necessary 10 prepare the
suiface for the coating.

(2) Properties of the coatings.

(3) The effect‘of the coating on the properties of the
retal coated;

Thoge finishes which require no preliminary work in prepar-
ing the surface are the most desirable for use, other things
being equal. In some cases this preparation amounts only to
cleaning with gasoline, benzol, carbon tetrachloride, or some
patent liquid to remove 0il products which have come on during

the manufacture. In other cacses it is necessary to disturb the

surface mechanically, as by sand blasting, wire brushing, emery
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paper, etc. If the surface of duralumin is worked verv much

, as.

is the czse in sand blasting thin sheet, reheat treatment is nec—

eésegary tc restore the physicel oroperties. The other type of

prevaration consists of étching “the metal hy some chemical ac-
tion. Canstic soda solutions or nitric acid solutions can be
used very effectively tc oroduce & satin finish on duralumin by

immersing it in the solution for periods of time depending o

s

the conceniration. It is an esscntiel tha’t washing in clean

water must follow the etching dip.
Froperties of the Coatings

The methods of protecting against corrosion in durslumin
naturally divide themselves into the fcllowing groups:
(a)

treatments.

Ry

ainting; - (b) Electrolytic treatmenits; (c) Other

.
)

Painting includes the use of various oils and pigments end
combinations thereof. FElectrolvitic treatmente include metal
vlatings anplied by means of elsciric cuireﬁts and the oxidation
of the duralumin surface as in the Anodic »rocess. Otherltreat—
ments take in polishing, buffing, etching and the metal sprav
apolication. All of “hese can be compared together uader the
classifications into which the propertieé of coatings are dis-
tributed.

‘The properties of coatings can be classified into the fol-

lowing:
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() Method of application of the coating;
(p) Weight of coatings;

(c) Cost of coatings;

(a) Resistance to mechanical treatment:

(e) Resistance to weathering; .
(f) Resistance %o special agents;

(g) Color, appearance, etc.;

(h) Special proverties.

Oils, naints, varnishes and enamels can be aovplied by brush-
ing, spraying, or dipping. The particular process followed usu-

ally devends on the costs involved. Electronlating and the

Anodic vrocess require special equipment and methods peculiar to

“aluminum allows. In general, the application of oils, vpaints,

~

varnishes, etc., meets the popular demand and it is only to in-
crease the resistance to corrosion and for appearance' sake that

the other means are emploved at all on duralumin.
Weight Question is Important '

The weight of coatings is Important since the use of dural-

<
umin has besn brought to its present state as an aircra’t materi-
al through its advantage over steel and other metals of being
light in weight. To lose any of this advantage by heavy coat-

ngs is inadvisable and in the case of airships, impracticable.

[

Since the weight increases in provortion to the thickness of the

coating and since additions to the thickress become of decreas—
g
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ing importance as the weight increases, a point of maximum gd—
vantage exists with a relatively thin covering.®

The cost of finishes involves the cost of applying the fin-
ish anda fhe life of the protective means employed. A éoating
soon comes into disfavor if the cost of material and labor-are
high, regardless of its 1life. A cost not exceeding two cents

L4 . v .
per square foot of surface appears to be reasonable. . Naturally,
however, there are ciroumstanées wherc a much higher figure is
commanded for special reasons. '

The resistance of the finish to mechanical treatment depends
on the adhesive effect of the coating, the'hardness, the brittle-
ness, and other factors. The best test in this respect is actual
use. It is in many caces in aircraft construction desirable"to
doat duralumin parts vprior %o ‘'an assembly. Ine those cases the
finish should be capable of resisting shop wear. A coating rela-
tively elastic, tough and tenacious ordinarily meets all the re-
guirements.

Failure of a finish results sooner or later in corrosion of
the metal. Its resistance to weathering is a good measure of
its effectiveness as a protection. Sunlight, rain, hezt, cold,
salt spray; etc., are the usual elements the coating nust resist
and peculiar as it may seem, these elements work very effectively
together to destroy the best of laid plans. Paints will blister,
crack, alligatbr and what not; platings will curl and come off;

oxides will dissolve off, etc.; and corroding mediums find their
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way through these impaifed finishes very ranidly and manifest
themselves by the appearance of aluminum oxides and hydroxides.
Consecquently, the weathering effesct should be practically nil to
make ordinary care all thaet will be neccssary Tor keeping out
extensive corrosion. In this connection it might be well to
mention that duralumin left in some storages for a vear or longer
has shown indications of deterioration due to weathering. To
protect 2oainst such effects it 1ig edvisable to coat the stock
when received with at least one coat of finishing compound.

Many ingredicnts cxist in the waters where seavlanes and
boats are used. Their noturce is not always krnown but if £he
duraluzin covéring is inert to their actions the ultimate in
this respect is attained. Other special agents to e reckoned
t

with are gasoline, oil, dove, eagine exiteu

)

2]

ga.ses and cleaning
compounds. It is in sonme instances desirable to vie with these
special agents in limited warts of aircraft only.

The colors available aad the appearance of the finished
duralumin when coated with these colors has a bearing on the
freedom of use. Only a few colors arz used in aircraft and they
are of secoaxdery importance. A smooth finish capable of casy
cleaning is a highly desirable factor though, and is dsmended
on account of the fact that trimness osnd neatness can not accom-—
vany sarvice without reveated scrubbings.

" The evecial properties are numerous. The insulating effect

or its dielectric strengih for certain places must be considered.
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The antifouling oroperties of the coating are essential data in
considering its use for the hulls of flying boats. And in some
other vlaces, due to the relative softness of duralumin, an eros-

dion resisting finish is necessary.

-
¥

Effect of the Properties on the Metal

The first effect to be considered is the change, if any,
produced on thg chemical #nd physical properties of the material
finished. For instance, sand blasting reduces the ultimate ten-
gile sirength and elongation of thin sheet dvralumin materially.
Some ofher chemicals may alter the desired properties so as to
make thelr vse detrimental. The usual procedure to determine
the e’fects of coatings on the physical properties is to subject
them o tensile and bend tests after the application.

Acids in vaints may cause serious corrosion without any as-
sistance from outecide clenents. Metallic compounds used either
as vigrments in paints or in'nlating mav produce a couple with
the alloy requiring only an electrolyte to cause electrolytic
corrosion. .
rom this it can ve seen that the coating shculld he electro-
vositive to duralumin and should contain no frse acidy c¢r salts.

An inert coating preserves sufficiently if it makes an intact

surface.

4

m

To determine by laboratory methods what haovens when the

finished duralumin is placed in service exposures to weather,
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salt sprays, gasoline, and hot and cold water are emploved. It
is oractically certain that any saterial which withstands these
tests will withstand service in so far as the particulér test
covers the use. The lengtn of time a coating remains intact
under these exvpsures is a measure of its effectiveness and is
the criterion on which its use is recommended. The deéree of
corrosion in a salt spray in a fixed time'gives a value readily

comparable with other results obtained with and without coatings.
Cils and Greases

The use of mineral oil and greases.as rust preventatives
has been recognized in industries using steel. Their use in pro-
tecting duralumin can be said to be somewhat analogous. It has
been known for some time tha% 0il useG for lubricating purposes
is in a measure a corrosion preventative for aluminum alloys.
This has been brought out particularly in duralumin strﬁctures
near aircraft engines; but cwinz to the water which settles with
the oil in the bilges, this means of protection is not considered
to be sufficiently effective to take the vplace of more permanent
Ccoa7’Lrigs.

0il and greases have been used as-é general pr 5heeiiog on
‘duralumin aircraft but thev present the following disadvantages:
(a) They are relétively neavy; (b) The period of uscfulness is
extremely limited; (c¢) Theyv do not present a desirable surface

for general service.
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For certain purposes, however, a rust preventative compound
is considered a good protective coating.and will prevent corro-
gsion in duralumin with due attention. Where duralumin is kept

~in storage for considerable periods of time and where the cor-

-+

roding mediums are not strong, a light coat of Qompound will
tend to keep out corrosion. Mineral oils and light greases are
too light to serve this purpose as effectively as the heavy rust
vpreventative compound. s . Duralumin pins, bolts, nuts, shackles,
etc., in aircraft in use where wear tends to remove paints and
where paints-are impracticable can be satisfactorily protected
with the compound. 3Structural tubes and enclosed shaves not |
readily coatea with'paint can e dipped in hot compound and
drained to produce a good inside finish. FHowever, any'use to
which this grease is put will demend freguent inspections to in-
sure the proper maintenance of the coating.

None of these cils, grzases or compounds used should con-
tain any free acid and if practicable no water should e present.
Some prepared compounds have a water absorbent ingredient in
their make-up to take out moisture. The advantage of this is
apparent.

The method of application does not reduire any snac¢ial
preparation of the surface other than having it drv. The arti-
cles to be coated are dipped in hot oil, grease, or ccmpound and
cooled in 2ir. A thin coating effectively maintained is as effi-

cient as a thick coat and is more easily removed. If a piece
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previously coated with grease is to te painted, careful removal
of the grease with ﬁenzol, alcohol, or carbon tetrachloride is
essential. Paints and varaishes will not adhere to an oiled
surface.

Paraffins, wax, éfc., alone or in compounds can be used ‘in

the same marner and as effectively as cil, grease, etc.
Paints and Varaishes

Paints, varnishes, and enamels are the most prolific sources
for protective coatings. Extensive experiments have been carried
out using thenm for finishes on curalumin. These tests have not
been entirely satisfactory because they have not been standard-
ized and the data derived therefrom are no% comparative. Never-
theless, there hes been a consistency in these tests in that most
paints.are extremely inefficient on duralumin aircraft subjected
to a salt atmosphere. These failures have been aiong two lines
varticularly noteworthy; one is the lack of adhesion of the
paint to duralumin, and the other 1is the lack of continuity in
the film produced. In any case though, raints and varnishes are
the most important protective coatings readily applie’, and ac-
cordingly, require more detailed consideration than the others.
It is realized that thé ﬁltimate has not been attained yet; but
- exverience has given enough data to warrant the greatest care in
the selection and the application of this meinstay of all protect-

ive finishes.
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As dquralumin is ordinarily received for use, it is coated
with a thin film consisting 1argé1y of aluminum oxide. This film,
if not broken down is very smooth, making adhesion of paints and
varnishes thereto difficult. This film can be broken down me-
chanically or chemically so as to produce any desirable finish
from a satin to a relatively rough surface. The degrce to which
the surface must te prepared depends on the paint or varnish in
use.

The methods in use for breaking down the oxide film mechan-
ically include sand blasting, wire brushing, and sand vapering.

This is called a finishing operation.
Scratch Brush Preparation

The finish known as Scratch Brush is accomplished by a re-
volving wire brush. It has the appearance of etched glass and
is done in four gredes, namely, rough, fine, superfine, and ex-
tra fine. The suface to oe finished 1is first cleaned of all
grease or oil. To produce the rough scratch brush the work is
done on a lathe with a steel wire (.005) bruch about 10 in. in
diameter overated at about 1200 R.P.M. The other finirles use
smaller brushes and less speed.

Wire brushing,.saﬁdpapering, and sand blasting, are only
relatively useful but serve well in meetingz the field require-
ments. They are particularly useful in removing products of cor-
rosién for refinishing. For sand blasting lo. 100 sand is used
with reduced air pressure and with the object 10 in. from the

1/4 in. nozzle.
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Chemioél etching can be donc by immersing the piece to be
etched for two or three minutes in a hot caustic soda solution
or-longer in a cold caustic solution.

Eefore finishing duralumin by chemical etching the surface
should be cleaned of cil and grease. It is then dipped in a
solution macde un of 283 parts of sodium hydroxide to each 1000 .
parts of water by weight. The solution is kept in a wooden vat
and is kept boiling by live steam. The duralumin to be etched
is then imﬁersed for two or three minutes after which it is
washed in cold water followed by a dip in nitric acid (concentrat-
ed). The dip in nifric acid is made to neutralize any caustic
remaining from the caustic dip. After the acid dip, the duralu-
min is washed in water again and then dried on a steam table.

Present oractice in the aircraft industry does not provide
for any treatment‘éf duralumin surfaces on account of the bene-
fit derived from the oxide film as a nrotective medium. in itself.
It is bclieved, however, that etching or roughening of the sur-
face will produce the better results through the better adher—‘
ence of coatings. But, on the other hand, the cost is increased
by etching and it is etill a matter of conjecture as *¢ whether
or not the added benefit is worth the added cost. It is velieved
that the better coatiﬁgé will require no roughening of the gur-
face for good adhesion.

During the fabricetion of a duralumin part, oil and grease

devposits adhere to the surface of .the metal. Unless a clean
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surface exists, paints and varnishes can not be effectively ap-
plied, so it 1s an absolute essential that a cleaning process
precede the application of vaint. Any product which will cut
the grease and which is 100 per cent volatile, will serve the
purpose. BEenzol, acetone, alcohol, and carbon tetrachloride are
useful cleaning products. To test for a clean surface, water
placed théreon will form an even film whereas if oil is still
present the water will gather in globules or pools. The impor-
tance of a clean surface can not be stressed too much, for it is
this point and the application of the coating that determine the
relative value of the finish.

Linseed oil and eimilar oils will not in themselves produce
a satisfactory coating for duralumin due to the lack of durabil-
ity. 01l paints using metallic oxides as pigments have been
avoided on account of thelr weight, the possible injurious ef-
fect through electrolytic action, and on account of their non-
adhering qualities. Nitrate and acetate dopes are extremely
poor in adhering properly to duralumin.' Bituminous solﬁtions,
varnishés and nitrocellulose lacquers present the most favorable
groups for duralumin. Thev can be used in olearior pigmented
forms to suit the demand.

As has been previously stated, any coating used must be
neutral or electropositive to dﬁralumin. Bituminous solutions,
varnishes and lacquers, used clear, are inert. However, certain
uses demand pigmented forms. To meet such requirements the

priming coats can be clear and the outer coats pigmented without
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incurring any adverse actiomn. Pigments whick do not permilt of
a glossy surface are not recommended for aircraft due %o clean-
ing difficulties.

Bituminous solutiéhs on the market ere many and varied.
They are all of about equal value orovided they are not too thin
and do not harden to a brittle stage: The merits of each be-
yond the vrotective feature depend on the product. |

There are two types of varnishes, nemely, spar varnish and
light gravity varnish. Any varnish which does not check and de—
teriorate in weather gives nrotection to duralumin when used as
a. coating. The light éravity varnishes are perhaps the best for
duralumin aircraft in that they remain somewhat fiexible at all
ordinary temperatures and form a uniform iﬁtaot.film.

The lacquers are outstanding in their adhesive gualities.
Thin lacquers without a great many coats aré not of sufficient
value on duralumin to =arrant the expenditure. Sufficient mater-
ial should exist in the finish to give a relatively heavy body

to the coating.

Mechanical Application Methods

The mechanical application of solutions and varnishes is
based on dipping, spraying and brushing on the coatings. All
three methods_should be practicable with a suoceésful paint or
varnish. Diopping oroduces.a vefy uniform coat; sprayiﬁg, a
light weight coat, and brushing, an easv method of application.

Varnishes and lacquers should be sprayed to produce the best
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results. It is a very necessarv part of the operation of anply-
ing the finish to see that no voids exist and that a uniform
smooth coat is thé result. Eubbles, no matier how small, must
not be permitted.

Several thin coats are better than a few thick coats. When
varnish or bituminous solutions are apvliad with a brush each
coat should ke well rubbed in so as to afford good. protection
with less weight. The thinning of varnishes and solutions with
0il and turventine beyond that necessary reduces their proper-
tics as protective mediums. Considerable oractice and good
judgment are necessary to oroduce the best zrade of material for

each operation.

‘Ba,

o)
A3

ing is a vart of the aoplication process in enamels.
This.bakihg is done at temperatures well below the annealing
t emperature of duralumin, so that no injurious effects to heat-
treated material need be expected. Baking pfoduoes a harder
coating than that oroduced oy air drying. |

No less than two coats 1s considered advisable and the ap-
plicatibn of four coats of bituminous solution or varnish is
the maximum 1limit for efficient results. The number ol coats

"depends on the finished material and the service to which the

duralumin is to be put, but for most purposes two or three coats
produce excellent results.
A practice recently developed for duralumin aircraft con-

sists of apnlying clear varnish or lacquer with a ped rubbed into
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the surface and left thin, folloWed by a coat of pigmented var-
nish or lacquer spraved or brushed, followed in turn by a sec-
ond coat of clear or pignented varnish.or lacquer brushed or
sprayed. This combination meets weight and weathering require-
ments satiéfactorily-

Weights of Fiunishes

The weights of some duralumin finishes, each representing

one coat dried to touch, are given, as follows:

Bituminous solution .00314 1o.sqg-ft.
surface

Spar varnish .00467 1v.sqg-ft.
: o surface

Light gravity varnish .003% to .0C35 1b.sqg.ft.
surface

These values arc for brushed coats. Spray coating is somewhat
less. - On material ordinarily used in the aircraft industry
these are less than 1 per cent additions to the weight of the
product.

Varnighes cost about twice as mﬁch as the bituminous solu-
tions per gallon. The cost of application 'is about the same in
each case.

To be effective in resisting mechanical treatment tae fin-
ish used should never become hard and brittle. /A certein amount
of elasticity should prevail as long as the coat resists weath-
ering. It ghould not come clean from the metal when scraped,
either as'a;biittle chip or as arspft film; a voor grdde of ma-

terial, improper cleaning, or improper application vroduce
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these results. Constant attention to the maintenance of the
coating is necessary. If the finish is accidentally broken or
worn off, the places concerned should be recoated. ﬁoné of the
paints or varnishes now in use will resist the mechanical treat-
ment received in forming and manufacturing varts, so that any
painting done pnrior to sub-assembly should notv be considered in-
tact.

Durability of Coatings

It st not be assumed that any'ooating of vaint will re-
gist weathering indefinitely. Bituminous compounds, alligator
and varnishes check after a time in the sun and rain. The bet-
ter grades of varnishes and lacquers, on the Whole, iast rela-
tively long in the weather, but, unless detailed attention is
paid to the upkcep, small failures become extensive. Corrosion
of the duralumin éometimes manifests itself under the finishés
by blistering even before failure of the coating can be seen-
In fhese cases, the corrosion should be scraped off, the area
cleaned by brushing, and touching-up resorted to. Unless this
is done, increased corrosion will be the result. A life of six
months for paints and varnishes subjected to weather sucn as is
foﬁnd along the seaboard is considered very efficient.

It is estimated that duralumin in aircraft should be in-
spected every seven to ten days for evidence of corrosion. When-
ever corrosion avpears on duralumin which has been painted, the

corrosion should be scraped off with a knife and the spot rubbed



N.A.C.A. Technical Memorandum No. 404 20

clean of loose paint and corrosidﬁ oroducts before any coating
material is again applied. The application snould be carefully
done with enough coats to insure an intact film.

Bituminous solutions are somewhat resistant to acids but
are readily diésolvcd by gasoline and such products} Bitumi-
nous solutions are worth very 11ittle as finishes where high tem-.
veratures are the rule. The varnishes and lacquers meet both
difficulties mentioned to a far greater extent fhan solutions.
Where the duralumin structure is subjected to gasoline and oil

frequently, extra coats of varnish are advisable.
Coloring

To produce desired color effects on duralumin pigmented
varnishes can be used over the clear varnishes. It is possible
to apply certain finishing coats on bituminous solutions pro-
vided the solution is allowed to dry hard; but there is the dan-

ger in this that the bituminous solution will bleed through the

'finishing coat if the solution is of the best consistency for

preservation, whereas 1t will not bleed through if the bituminous
solution is hard and brittle. Thé hard and brittle soiution
does not adhere as well asAthe softer elastic SOlUtiOn:

Inside fuselages, etc.: light colors are desirable to facil-
itate inspection and for that reason aluminum pigmented bitumi-
nous solution is superior to the clear. Varnishes and lacquers,

clear or vigmented, with Prussian blue, should be used on -inter-

iors where sunlight is not direct.
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It is well to mention here s%ecial vaints, etc., used for
epecial orobléms. The sodium silicate treztment which is found
to be so efficacious in certain places, consists of special
cleaning of the alloy in a sodium bichromate solution, an immer—
sion in sodium gilicate solution, followed by vaking and a fix-.
ing operation. This treatment, however, is more suited fo cast-
ings than to rolled material.

Spegial enamels such as those that »nroduce a flint-1like
'hardness on drving are particularly useful to withstand erosion.
These products should find a bigger field of usefulness as a
coatiﬁg for castings than for wrought alloys.

For faying surfaces of duralumin where water-tightness was
desired, it has been the practice to use cotton fabric dipped in
bituminous solutions, varnishes, or marine glue (waterproof) .
Ordiﬂary friction tape has also been used in this respect. For
féying'surfaces where gasoline tightness is an essential, gums
dissolved in benzol, varnishes containing soya bean oil and
litharge can be used. In all cases, the faying surfaces should
be wet when ﬁade up and all interstices absolutely fiiled with
joint material to insure a tight joint and absence of corrosion.

For faying surfaces, duralumin to any otner metal or wood,
these same compounds can be used, but there, too, it is a matter
of maximum imvortance to havelan insulation and to have a well-
fi1led joint. Failure to fill the joint will result in electro-

lytic action between the dissimilar metals.
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Plating

The plating of duralunin can be done in two ways, namely:
by electrodeposition of another metal orn 1it, and by spraving a
metal on fhe duralumin. The devosit of another metal on duralu-
min by electroplating ie an exceedingly difficult pronosition
- due to~the lack of adhesion obtained. INickel and zinc can be
deposited on duralumin with success by nethods for the most part

atented. Chrome plating on aluminum alloy castings has been

e}

done, but it is not yet available for rolled material. It must
not be éxbeoted that these platings can be deposited on other
than individual parts, for the matter is still quite limited in
application.

To make any metal sticlk to duralumin it is necessary to
break down the oxide film. This is done as a rule by sand or
steel grit blasting. Metallic aluminum deposited by means of a
spray gun on such a orcparcd surface is extremely effective in
maintaining the strength of the plated material in corroding
mediums. . This »nrocess should have wide application.

| There ﬁas been developed another vrocess somewhat similar
to the electroplating operation, which appears to be of value.
This is the so-called anodic-oxidatien process applicéble to
aluminum alloys in general. The vroccss consisis primarily in
building up the aluminum oxide film on the part concerned %o the
voint where its dissolution by corroding mediums is a matter of

extended time. The duralumin piece to be oxidized is wmade +the
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anode in a low percentagé chrome solution and varying voltages
- and currents are avplied until the film has been suiltably built .
up. The effect on the weight of the part is to reduce it slight-
ly. The mechanical properties are also slightly reduced indicat-
ing a reduction in the effective metal through oxidation. The
film produced on duralumin ié very uniform and practically con-
tinuous, and the resistance to corrosion displayed by anodically
treated material is distinct and of outstanding~merit. The proc-
egcs has not yet been carried to assemblies but it aovpears that
this is practicable.' The main difficulty with the anodic treat-
ment will be in producing a continuity of the oxide film. Parts
will have tb ve treate& after the forming operation, for there
is a tendency to break the finish in case of any other than minor'
bends. |

_Although'the anodic oxidation treatment can be used as the
sole finish, it is believed that the lack of continuity of the
film will require the application of some paint or farnish on the
' materiél to insure satisfactory results. The. combination, how-

ever, should be outstanding as a corrosion resistant protection.
Other Protective Methods

There are two or three other means of finishing duralumin
which have their merits in staving off corrosion somewhat. The
most interesting one of these is polishing and buffing. Polisgh-

ing and buffing duralumin to a high degree can be used as a per-
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manent firish where the corroding mediums are not particularly
active and where the mill-run material can not be used without
a protectivs coating 5f some kind.

A dip in nitric acid solutions has a tencency to retard cor-

ee of resistance is not sufficient to warrant

=5
Q
[62]
)
O
]
o'
[or
ck
ct
oy
)
o3
@
9
5]

Oxidation by thermal meéns is another oossibility, which -has
not vet emerged from the laboratory tut which warrants consider-
ation for use 6n aluninum alloy wires.

The matter of protecting duralumin against corrosion should
still be regarded as in its infancy. Much work rem2ins to be Gone
along constructive lines to nermit & very genéral use of the
metal. Every measure within reason looking to prolong the life
of duralumin in aircraft should be undertaken untii the protec-
tion of +this material is fully understood. It can be expected
that the durability will be affected unless precautions are
tnken from the time of manufacture of the duralumin throughout
its career. The orotection of duralumin aircraft should be ca?e—
fully coneidered in the design, construction and maintenance

for meximum degree of success.
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Fig.l Corrcsion inside an airplane float where bitumastic
paint was not a sufficient protection.
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Fig.2 Note corrosion of rivets due to lack of protection
afforded by an anti-corrosive anti-fouling paint.
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DURALUMIN

DURALUMIN

ALUMI NUM

.UN-TREATED SURFACE

TREATED SURFACE

After 30 days exposure to salt spray - after removing products of corrosion.

30 days.

spray

'3

Effect of anodic treatment in protecting duralumin
specimen in the salt

Fig.3
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amnt showing corrosion on a duralumin
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