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Introduction: . .
Some alarm has been caused by the superficial corrosion g

PRSI

attack which is occurring in some instances on the suri‘aicea e
of Alclad sheets in locatlons on aircraft where the sheéts are ‘i
exposed to exhaust gases. Such sheets are being replaced under %"
the bellief that their mechanical properties have been adversely 3
affected. b

This situation has been brought to the attention of the ‘i’%
Aluminum Company of America by th-e operators concerned and has “
been thoroughly investigated by that Company. ¥r. B, H, Dix,-dr., §
Chief Metallurgist of the Aluminum Research Laboratories of the ”
Aluminum Company of America has pointed out that if the nature ’ é
of the proﬁection afforded by the aluminum coating on the strong . =~
alumimm alloy Alclad sheet were fully understood, it would be
readily appreciated that the mechanical strength of the Alclad ’ i
sheet has not been harmed by this mild surface attack. ﬁ

In order to fully acquaint the inspection personnel of the fi
Civil Aeronautics Authority and the inspection and msintensnce
personnel of the operators with the nature of this corrosion and -
the nature of the protection afforded by the alumimm coating on
Alclad sheet, Mr. Dix was asked to write a description of these ij
phenomena. He complied with this request and his description meets *

5

with the approval of the Djvision of Metallurgy of the Natiomal e

e d

Bureau of Standards.
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It is the purpose of thls Note to publish Mr. Dix's
discussion of these phenomena for the information of ;ll-cqnw
cernddi Im publishing this inforn:tﬁwﬁ;xtuhEVer, there 1s no
intertion to infer that the matbter of cbrrosion, even the super-

ficial corrosion discussed herein, should be treated lightly.

The intention is rather to throw more light on the subject of -

superficial corroéion attack on the surfaces of Alclad sheets

so that it may be more fully understood. Remedial measures
should be sought wherever there are evidences of this superficial
attack and, in cases where there is doubt as t§ whether ér not
the mechanical properties of the sheets in question have been

adversely affected, the sheets should be replaced.

Q;acussion (E- H, Bix, Jr,):

The Alclad sheet used for aircraft structures consists of
a heat treated strqng aluminum alloy base with smooth, dense non-
porous surface layers of pure aluminum of uniform thickness alloyed
and integral with the core. The pure aluminum surface layers on
Alclad 175-T or Alclad 24S-T sheet are effective as a corrosion
preventative for two reasons, First, the high purlty alumimm
alloy coating in itself possesses a high resistance to corresion.
Second, this coating electfolytically protects the core so that
no corrosion of the core occurs even though the coatlng la com-
pletely removed from falrly large aress, somstimes as great as

one inch in diameter.
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This electrolytic protection perhaps should be further
explained. When two dissimiler metals are in electrical con-
tact in a corroding solution current will flow from one,
through the golutlon, to the other, the circuit being completed
tic:rough en externsl metallic contact, This is the basic prin-
ciple of electric batteries. The metal from which the current
flows iz lnown as the Manode" and that to which the current
flows is the Xcathode™. The anode tends to dissolve in the
solution but any dissclution of the cathode ie prevented by{t-he
flow of current, In the case of the Aleclad combimation, the pure
alumivum coating functions as the anode and if the core is ex-
posed at any spot in the presence of a corroding solution tiny
cuwrrents flow fram the pure alumimm coating to thé exposed core
areas, thus preventing any corrosion attack of the core. 4s an
example, cut edges of Alclad plate 1/4" thick have been protected
from corrosion during nine years exposure to contimious salt
spray in a laboratory salt spray test.

Consideration should now ba glven to the metallurgical detalls
"~ of the Alclad product., Fig. 1 illustrates schematically the cross
section of & piece of Alclad sheet showing only one surface,
During heat treatment the alloying elements from the core diffuse
into the coating, forming what is known as a diffusion gone.

Thus, as corrosion proceeds from the surface of the sheet irward,
three zones of different solution potentlal are encountered, First,

the pure alumimm coating, which electrolytically protects both
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the diffusion zone and core; second, the diffusion zone,
which electrolytically protects the core, and finally, the
core. Thus, under very severe corrosive conditions the
corrosion takes the form shown in Fig. 2. The tooth-like
appearance of a corroded cross section 1s typical. Looking
down upon the stWrfsce of the corroded sheet the corroeion
attack, which appears tooth-1ike in cross section, has the
appearance of hills and valleys. (Fig. 3)

Therefore, 1f the surface of a plece of Alclad sheet which
has been subjected to corrosive conditions is examined with a
hand lense of about 10X magnification these hills and yelleys
may be readily distingulshed providing corrosion has proceeded
to the extent shown by Fig. 2. Such an appearance indicates
that corrosion has proceeded only to the diffusion gone and
' that the Alclad principle is functioning in electrolyticelly
protecting the core. Of course, the attack may not have proceeded
far enough to give this hill and valley effect but then it should
be very evident that the corrosion is superficial,

So far we have discussed theoretical considerations only.
Fig. 4 (Neg., 20716C) shows the surface (photographed actual size)
of a plece of Alclad 24S~T sheet which was taken from a location
in a plane subjected to exhaust fumes, aftsr 7600 hours of service.

Fig. 5 (Neg, 20801) shows a cross section through this piece of

sheet and reveals the extent of the surface corrosion. The tooth-

like appéarance of the surface coating remaining is typdcﬁl of
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that previously described and schematically illustrated in -
Fig. 2. Gbrrou:l.on had not reached the core in any place ex-
a.minad in this aample. Standard A.3.T.M. tensile spacimns cut
'frdn ‘l‘.he full thickneas of this sheet exhibited the following

properties:
‘Specimen Tensile Strength TYield Strength Elo;gntion

32199T1 621690 45,800 19
52 62,060 46,100 .18

(uaranteed Minima 56,000 o 37,000 - ‘16

| ~ Sheet fhic]cness 0,0215% |
(Physical Test No. 051138-4, Msy 11, 1938).
Thess results show that the mechanical properties after this
service are well above the minimm specifica.t:l..on values and the
superficlal corrosion has had no appreclable effect on the mschan-
1cal properties of this plece of sheet.

F:Lg. 6 (Neg. 21734B) shows three pieces of sldn shest of
Alclad 24S~T taken from & plane reported to have had 8200 hours
of service, The sheet was replaced because 1t was feared that
destructive corrosion had ocourred. Fig. 7 (Neg. 21735h) (matural
sige) shows a typical spotted condition on the Alcled surface
areas, Fig. 8 (Neg, 21736) 'at 100X pilctures a cross section
through sheet showing this surface corrosion and again illustrat-
ing typical Alclad protection of the core and diffusion zene.

In Fig. 6 there will be noted a mmber of atandard A.S.T.M.

tension specimens indicated on the several sheets, gome o&f these
2r0ap
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taken through areas showing the most severe surface corrosion
and others in locations where there is no visible surface
attack. The results of tension tests on specimens the full
tiicknese’ of the sheets taken from these locations follow:
Specimen Tensile Strength Yield Strength Elongation

Marked ped . —psi £E__
| '~ Tests of Sheet No ~ thickneas =
Spec from Uncorroded Areas
34089-W-1 61, 690 47,600 1745
-2 61,770 47,800 18,0
Ave,61,730 47,700 17.8
S from Areas Sh Surface Corrosion
UM 61,620 48,000 17.5
4 61,910 48,400 18.0
Ave 61,765 ' 48,200 17.8
2 & B 163
Ave,62,320 48,950 16.5

Tegts of Sheet No, 34090 ~ thiclmess 0,027"
Specimens from Uncorroded Areas '

| 34090-W-1 62,890 48,500 17.0
-2 62,500 48,200 18,0
AVB.62,695 48,350 17.5

Speclmens from Areas-Sh Surface Corrosion
34090-%-3 61,030 46,500 17.0
o~ 60,590 46,000 19.0
Ave 60,810 46,250 18,0
-5 61,620 46,200 19.0
b 61,690 46,000 19.0
Ave,61,655 46,100 19.0
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Specimen Tensile Strength Yield Strength nongation

Aarked psl psi
Tests of Sheet No, 34092 — thickness 0,027"
Specimens from Uncorroded Aress
34092-F-1 65,460 57,100 13.5
-2 65,100 56,600 14.0
Ave, 65,260 56,850 13.8
8 ns Areas Sh . £ ce c
34092-%-3 65,770 56,800 . 14.0
4 65,410 56,100 14.0
Ave.65,590 56,450 1440
v B
| Ave.6/,915 56,650 13.3

(Poysical Test No. 090138-A. Sept. 1, 1938)

From these date 1t will be noted that the mechanical prop-
erties are typical of Alclad 243-T, with the exception of speci-
mens taken from sheet 34092, which show high tensile and yield
strengths, with a corresponding decrease in elongation, which is-
typical of the effect of cold work after heat treatment. The com=
parison between the properties of specimens taken frun the corrod-
&d areas and those from corresponding uncorroded areas of each
sheet shows no significant change in properties and proves conclue—
sively that the superficlal corrosive attack, as illustrated by
these samples, has not affepted the mechani cal stfength of the

gheet.,
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The purpose of this entire discussion has been to avoid
alarm over some surface corrosion of Alclad sheet. It should
not be inferred from this discussion that where such corresien
18 occurring it would not be expedient to use some protective
measures, at least until the condition which, as we vnderstand
it, is sucking exhaust fumes into the center sections of the
ship, can be corrected. Likewise, there may be occasions where-
there 18 a collection of & heavy depoai_;t of dirt or other material
at crevices, espacially where uncoated strong alloys are :Ln con-
tact with Aleclad sheet. If corrosion is suspected at such areas
more thorough inspection should be recommended.
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Pure Aluminum
Coating

Diffusion Zone
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24S-T Core

Fig. 1
Schematic cross section of
Aleclad 24S-T sheet.
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Fig. 2
Schematic cross section showing
corrosion attack extending to the
diffusion zone.

AT757



Fig. 3
Schematic block diagram showing appearance of
hill and valley corrosion on surface of Alclad
24S-T sheet.



Fig. 4 Actual size.
This photo%raph shows the stained and roughened appearance
of the Alclad 24S-T sample from the center section of a

plane. The staining was largely superficial because most
of it could be removed by cleaning.
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Fig. 5 Mag. 100X Etch: HF-HC1-HNOg
This micro%raph shows a complete cross section

of the Alclad 245-T sheet from the center section
of a plane. The surface of the Alclad sheet
which was exposed to the action of the exhaust
gases 1s at the top of the micrograph. The

rou heninﬁaof the surface was the result of
pitting that was confined entirely to the high
purity coating layer. The pitting extended
approximately half way through the coating.
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Fig. 6
This photograph shows the corroded areas on the inside
surfaces of tgree samples of the Alclad 24S5-T skin
covering removed from a plane after 8200 flying hours.
The locations of the tensile specimens from the corroded
=nd uncorroded portions of the samples are indicated in
the photograph.” The corrosion sttack occurred largely
at the fayving surfaces and in areas where a large amount
of dirt had accumulated.



Fig. 7
This shows the characteristic appearance of the
surface of the Alclad 24S-T skin covering in an
area which had corroded from exposure to exhaust
fumes and moisture. Actual size.

Mag. 100X

Etch:
HF-HCl-HNOB

Fig. 8

This shows a full cross section through a corroded
gortion of the sheet similar to that shown in Fig. 7
he corrosion attack was limited to the high pur1t¥ -
coating and did not penetrate the diffusion zone. The
peaks 1n the coating represent areas where the diffusion
along the grain boundaries in the coating was greater
than that through the boundary of the grain.



