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NATIONAL ADVISCRY COMMITTEE FOR AERONAUTICS.

TECHNICAL MEMORANDUM NO. 408g.

DURALUMIN AND ITS CORRO
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The corrosion of duralumin is real, and it is perhaps the
most important factor extant that prevents its wholesale em-

ployment in general engineering where light weight 1s an advant-

cr
@

age. According to the early advocates of this metal, duralumin
was classed with the fine metals in its ability to remain bright
and cheerful in the face of corroding influences. Engineers,

impressed with the many other advantages of this aluminum alloy,

took to it readily and made extensive applications, varticularly

as a structural material for aircraft. As the products of
duralumin were put into use and service, reports began coming
back to the designers that rapid deterioration of the metal due

to certain corroding mediums was taking place.

Complicity of Corrosion Problem
During the fifteen years that duralumin has been known,
much discussion has taken place and many divergent views have
been expressed on the question of the susceptibility of duralu-
min to corrosion. That this should be the case in view of our
experiences with rusting in steel seems odd; but when the rec-

ords show that on the one hand duvralumin structures have been

*From "Aviation," November 1, 1933.
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used for years in airships with very slight corrosion and on the
other hand intensive corrosion has taken volace in similar struc-
tures within a few montis, we can realize that varying results
Caﬁse varying opinions. However, a judicious investigation of
these results brings out the all-important factor that varia-
tionse in the eenditions of exposure are practically entlirely re-—
sponsible for the aovnarent inconsistencies. This should not be
congtrued to mean that the type and degree of exposure is th
only variable, for that is hardly the case; but, where widely
different results between two duralumin structures occur, the
differences can, as a rule, be treced to the corroding mediums.

The corrosion in duralumin has been compared with rusting
in steel and failure in other aluminum alloys. It is hardly
practicable to compare duralumin and steel corrosions. Our ex-
perience with steel in structures has been with relatively
thick sections where a 1i1tile rust has not materially affected
the strength. Our exvericnce with this aluminum alloy as a
structural material has been with very thin sections where a
little corrosion has gcﬁe a long way. Fowever, in a salt atmos-
phere, rust on steel and oxide on duralumin aonear after approx-
imately the same time of.exposure, but from then on the corro-
sion in each is manifestly different.

The latitude allowed in comparing deterioration in aluminum

1

alloys is egreat because the zmount »I corrosion in these metals

is usually determined by a visual inspection. The loss of weight
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5 method is not readily applicable. The loss of strength method
ig not usually employed.
To state that duralumin is not subject to corrosion is en-
tirely misleading. It is better to say that all duralumins
corrode more or less, depencing on the factors controlling, and

these fgctors are usually outside influences.

1

First Evidences

e

The types of corrosion ordinarily found in duralumin can be
glagsifled more or less by degrees or by stages. No efford
will be made here to describe the many types, but the usual
first evidence is a gray white powder deposit much like dust on
i the surface of the alloy. I% goeé from this, if the exposure
| : is continued, through various stages until it reaches a point
vhere the metal breaks up in a scaly sort of mass such as deter-
iorated zinc.

A type of corrosion which may or may not be related to those
mentioned, and one that is difficult to contend with, is inter-
crystalline corrosion. Its presence cannot be readily detected
without the use of a microscope, but it does manifest itself by
embrittlement of the material. This type of corrosion can be
‘described as consisting of fissures or cracks between the crys-
tals outlining very distinctly the crystals making up the dural-
umin. They extend in from the surface as a ru’_e and are not

found all along the surface. Polishing and etching of specimens
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are necessary to get a certain indication that this type of cor-
rosion exists in piece of duralumin.

It is not known at what stage of duralumin ccrrosion that
intercrystalline corrosion becomes impcrtant but whare surface
corrosion has reached the pitting stage tests for intercrystal-
line embrittlement should be made. The surface corrosion on a
sheet of metal as measurcd by the eye is no true measure of the

intercrystalline corrosion that may exist.

Factors Governing Corrosion
The factors that generally govern the amount of corrosion
which will take place in duralumin can be given as followss
1. The chemical composition of the alloy;
2. The physical condition of the alloy;

3. The corroding medium including its composition,
temperature condition, ets.;

4. The tims of e posure; and
5. The prescnce of other me%als.

The chemical composition of driralumin includes magnesium,
aluminum, manganese, iron, coppoer and siliccn- They have been
named in the order in which they avpear in the electrochemical
series. A large spread exists, and it can be readily understood
when consideration is given to the elements themselves and the
combinations they make with each othar taat a grea’ variety of
electrolytic actions are possible aud probabls whea duralumin

is placed in an electrolyte. These electrolytic actions will
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vary with variations in the chemical composition and the net re-
sult will undoubtedly be corrosion to suit.  So far, in the de-
velopment of duralumin, the chemical compositions have been dilc-
tated by the physical properties desired, so it is not likely
that much can be done in the direction of corrosion control by
control of elements for the present. It might be well to note
that magnesium, in its usual forms, is particularly susceptible
to rapid ceterioration in a corroding atmosphere. It is not be-
lieved that iron or silicon play any important role in this
respect.

Cold rolling and working the material, produce the same re-
sults as far as corrosion is concerned. In general, hard-worked
aluminum will appear more corroced than annealed material sub-
jected to the same conditions. Duralumin which has been moder-
ately hard-rolled, however, shows a very low rate of reduction
in physical oroperties when subjected to corroding influences
compared to the reduction obtaining in heat-treated material.
Nevertheless, it is believed that severely hard-rolled material
is very susceptible to corrosion. These variations in the abil-
ity of this material to withstand the action of a certain mecium
ﬁight be explained by changes in the potential of the alloy, by
differences in the oxide films on the surfaces, or by changes
in the solubility of the alloyving constituents.

Welds made in duralumin by torch seem to be particularly

susceptible to corrosion. Sometimes the concentrated corrosion
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takes vlace a short distance away from the weld and at other
times right in the weld. This may be due to differences in the
composition of the metals or it may be due to the welding fluxes.
Either riveting or special protection to welds will have to be
resorted to in seams if the localized attacks are to be avoided.

Scratching or abrading the surface of the metal tends to
cause localized attacks in these places. Thigs is undoubtedly
due to the fact that recesses formed by such scratching afford a
convenient rest for corroding liquids. It may be enhanced also
by the rupture of the oxide film on the surface of the duralu-
min. A noteworthy consideration in this comnection is the great-
er resistance to corrosion obtained by highly polishing the sur-
face of the metal.

Corroding Mediums

The corroding mediums are perhaps the most important of the
factors in the deterioration of aluminum alloys. Practically
all degrees of corrosion can be attained by varying the medium
to which the material is subjected; but those encountered in or-
dinary practioe will be the only ones discussed here. These can
be classified in a general way as follows:
1. Ordinary inland atmospheres; 7
2. ©Salt atmospheres;
3. Fresh and salt water;

4. Liquid fuels;

1

Acids;

(o}

Alkalies.
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When an aluminum alloy is exposed to the air, a thin trans-
parent film of aluminum oxide forms on the surface. This film
is practically ever-present after duralumin leaves the mill un-
less it is purposely removed by chemical or mechanical means.

It undoubtedly acts in a measure as a protective coating but is
easily broken by abrasion when the material is put into use.
Outside of forming the aluminum oxide film, ordirnary atmospheres
relatively free of moisture and contaminating gases have little
or no effect on duralumin. Atmospheres which are heavy with
moisture such as fog, rain, etc., cause a very slow deteriora-
tion of duralumin which in a majority of the cases does not re-
quire special attention. The great difficulty with such a prop-
osition is that moisture will get into the structure in places
and stand for long periods and will cause localized attacks.

The oxide film is not water-tight and cannot form a protective
coating against most corroding mediums although it will last for

long periods in ordinary atmospheres.

Corrosion from Salt Atmosphere
Salt atmospheres such as are encountered at sea and near
the seacoast cause a relatively rapid corrosion of duralumin
when compared to that caused by ordinary atmospheres. The re-
duction in the physical properties of duralumin exposed to salt
atmospheres is not as great as that produced by salt water; but

since most structures which are liable to be subjected to salt




N.A.C.A. Technical Memorandum No. 408 8

atmospheres will also meet salt spray and sslt water, the corro-
sion is worthy of note and protective means should be provided.
.In considering the effect of water on duralumin, a solution
or a chemical reaction or an electrolytic action might be effect-
ed, or it is posgible that combinations of these may result.
To attribute the corrosion of duralumin to one or the other is
difficult. However, duralumin in ordinary tap water corrodes
in spots telow the water line and rather evenly at the water
line. The corrosion at the water level is usually more rapid
than that which takes place vélow that level. This may be due
in part to the gas and liguid condition existing at that point.
Salt water or sea water is particularly active on duralumin. In
the ordinary service of aircraft it is believed that this is the
most difficult corroding medium to contend with. The corrosion
of duralumin in sea water will run from two to ten times as much
as is the case in tap water. The chloride solutions are much
more active in corroding aluminum alloys than the sulphates,
nitrates, and practically all the other common salt solutions.
Sodium and calcium chloride solutions are used for inducing cor-
rosion and the effect of placing duralumin in intermittent or
continuous contact with these solutions is to cause corrosian
which reduces the physical properties of the material consider-
ably and rapidly. This may manifest itself as intercrystalline

corrosion in addition to producing surface corrosion.

.
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Effects of Fuel

gasoline, alcohol, etc., attack duralumin

o

Fuels such as
slightly if any water is present in the fuel. The degree of the
corrosion is not sufficient, however, to make any special provi-
sion against it inside of fuel tanks, etc. Some of the special
preparations (picric acid) used in fuels to increase their effi-
ciency may corrode duralumin to a serious extent. The avoiding
of fuel dopes with an acid base seems to be the only alternative.

Practically all of the acids attack duralumin. Hydrochloric
acid is very active on this metal causing pitting. Nitric and
sulphuric acids attack duralumin rather uniformly leaving a |
slightly etched surface. Other acids such as acetic, picric,
oxalic, oleic are slow in their actions on duralumin but do cor-
rode sufficiently to warrant special measures to prevent contact.
Battery acids spilled on duralumin structures in service have
been known to completely destroy the structures affected.

The alkalies are perhaps the most active in their action on
duralumin. They cause a more or less uniform attack and reduce
the original proportions of the metal very rapidly. A satin fin-
ish can be produced on duralumin with facility by dipping it in
a hot 1lye solution. OCleaning compounds containing alkalies are
a source of danger to duralumin in service.

Some cpecial materials which are used on duralumin from time
to time under varying circumstances may or may not.oause actions

which are intensive enough to warrant special attention dependin
o & >
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somewhat on the circumstances. Duralumin left in carbon tetra-
chloride for relatively long periods will show signs of corro-
sion. Although sodium and potassium nitrate solutions do not
cause embrittlement in the way chloride solutions do they leave
atrong evidences of a uniform corrosion. Ammonia causes a uni-

form attack on duralumin. Iodine and bromine attack duralumin.

The time element in considering any corrosive action is im-

portant also. It cannot be definitely stated that the amount of
corrosion in duralumin is directly proportional to the time.
This is dvue to the fact that the first products of corrosion
tend to nrotect the metal in a measure, so that the usual result
is rapid action in the beginning with a slowing up as the corro-
sion proceeds. However, in most cases in service the amount of
corrosion necessary to produce a protection is so great that
the structure ic impaired; so for all practical purposes the
amount can be assumed to be directly proportional %o the time
element.
Contact Corrosion

Placing other metals in contact with duralumin causes com-
plications. The most violent corrosion is obtained by placing
duralumin in contact with copper or any of its alloys in a salt
atmosphere. The copper alloy seems to be affected very little,
if at all, whereas the duralumin disintegrates completely in a
relatively short time. The corrosion that takes place in case

of steel and duralumin contact is not as violent as in the case
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of covper and duralumin, which is fortunate in a way since most
installations do require a combination of high strength alloy
steel with duralumin.

Steel and iron rivets vlaced in a duralumin structure and
subjected to a salt spray have resulted in localized attack to
the duralumin in the vicinity of the rivets, and the rivets have
rusted more than that ordinarily obtained. Another case worthy
of note was where a steel casting on a duralumin sheet subjected
to a salt atmosphere resulted in practically complete failure
of the plate. The data on these combinations indicate that the
amount of corrosion is dependent on the corroding medium and
that the aluminum alloy will usually suffer in any medium which

is act

e

ve.

Galvanized steel placed in contact with duralumin in a cor-
roding medium usually causes the galvanizing to softcn up and
break down. The duralumin on the other hand seems to maintain
its original condition until the galvanizing has completely
failed.

Ajuminum is a strong electropositive metal and it can be ex-
pected that aluminum alloys will corrode repidly when placed in
contact with other metals provided an electrolyte is furnished.
This contact corrosion is particularly important when platings
on duralumin are considered. Any break in the surface of a plat-
ing of a dissimilar metal causes very rapid action when the spec-

imen is subjected to a corroding medium. That is one reason for

it )
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‘ the failure of platings as protective coatings on duralumin.

Induced Corrosion

In recent years a great deal of attention has been given in
laboratories to inducing corrosion in metals. Duralumin is no
exception and considerable data is available on the subject of
duralumin in salt sprays and other mediums. These tests, in ad-
dition to giving data on duralumin, are also used to test the
relative values of vrotective coatings and other special matters
connectec with corrosion.

Duralumin can be tested by exposing it to the same elements
to which it will be exposed in service, but the time taken to
induce corrosion in this way is too long for ordinary use. Salt
gprays, intermittent immersion in salt solutions and intermit-
tent immersion in other mediums are the usual means for produc-
ing corrosion in a relatively short time and represent in a way
what will happen to material exposed in service.

The spray and alternate immersion are approximately equally
effective 'in producing corrosion. The advantages of.one over

the other are centered on other factors.
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Corroding Solutions
The corroding solutions used in gpray and alternate immer-
sion methods are:
1. Sodium ehloride solutions;
3« Calcium chloride solutions; i
3. Sodium chloride - hydrogen peroxide solutions;
4. Hydrogen peroxide solutione.

The losses in physical pronerties of duralumin corroded by
induced corrosion are of importance. There are many factors
that influence the rapidity of the action in the various solu-
tions and various means used for inducing corrosion, and as a
consequence the results obtained are applicable only to the par-
ticular investigations being performed.

The aluminum products of corrosion are exceedingly diffi-
cult to remove. Their removal ig necessary for examination of
specimens in the laboratory and for refinighing the surface in
service. The laboratory method for removing products of corro-
sion and salts consists of immersing the specimen in a weak
solution of'nitric acid until the surface appears relatively
clean. This same method has been used in service where the
size of the parts and the disassembly of the parts permitted it.
As a rule, though, this method cannot be used in service because
it requires disassembly. Other procedures are therefore neces—
sary. Where the corrosion is scattered over flat surfaces, the

use of a putty knife or equivalent is believed to be as effective
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as any means known. Over rivei heads and similar irregular sur-
faces wire brushing produces the best results. After scraping

or brushing the dust left should be blown off or wiped off with

1

a dry rag. Efforts have been made to find a more satisfactory
way %o cleah corroded duralumin but without material success.
Water and most of the usual liquid chemicals aggravate the con-
dition rather than assist the project. Pickling in nitric acid,
scraping, and brushing must be relied upon to produce as good
regsults as can be expected.
Conclusion

It appears that all duralumin will corrode to some extent
in service if left unprotected. The difference in the amounts
of corrosion under various circumstances is not great enough
to warrant the omission of any measure tending to reduce the
susceptibility of the metai to corrosion 1in service. Salt water
is the most common of the corroding media with which we have to
contend in using duralumia in aircraft and ships. Due consider-
ation to these factors during the design, construction and main-

tenance of these craft is necessary %o get the maximum life.




o+

Severe intercry
orrosion magni

e

A ]

e 1

N PaTare 2 UL
e

1 &
~J$‘.“%;i

. " N v
Boiling Water (212 F)

“"-n‘j ' :

e fater at 632 F.

Annegled

, 0
Ilce Water (34 F)
T T 1 0
Icea Brine(li0 F)

0}
Steam (250 F)

View of edges of 1/8" thick gquenched duralumin
tensile test specimens after o0 days in salt

watler spray

corrosion, and cleaning in 10k
uencning mediums are indicatead.

AN0 7
O

3
p



N.A.C.A, Technical Memorandum No. 408 Fig.3

AIR SFRAY(72°F)

DIRECT SFPRAY(74.5°F

BOILING WATER(212°F

WATER AT 62°F.

ANNEALED

ICE WATER(34°F)

ICED BRINE(10°F)

STEAM(250°F)

%/}@" THICX QUENCHED DURALUMIN AFTER 60 DAYS IN SALT WATER
SFRAY CORROSION TEST AND REMOVAL OF FRODUCTS OF CORROSION

2

.
G MED

G
k
-
=
t
&
=
—
2
=
—
<
¥
€
=1
(=)

QUENCHEIN




N.A.C.A. TecBnical Mcmorandum Ho,408 : Fig.5

80
Hard rolled d&ral.
SS— -U'T LR
20 == =t 70
Bl 80
\-—q—\
Elongatier— |
0 e
42
%)
s
70 .
Heat treated dural 4
20 B 80 ©
= ] I —
§ 1 e §
% A0 . $j>\\50,$
< Elongation~
Q» 3 0_)
g G
=i 0 s
23] o
o i)
—i
40
Annealed |dural.
PRy .
30 ————] - 30
L-_ﬁi>”~_
Elengation
10 20
0

0 10 30 30 40
Days

Fig.5 Losses in properties by corrosion in normal solution
CACIy spray.




C.A, Technical Memorandum No. 408

Q
3 t
é 0 N
fike 5

Fig.6 Corrosion on duralumin due to presence of water in fuel.

Fig.7 Duralumin sheet in the wake of a steel forging
after a short service at sea.
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