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‘Thia paper deaeribes gtreda-corrosion tests on high-strength sluminum alloy sheet. The
meterials inveatigated were 243-T, sged @ to 12 hours at 375° F; RAGL-T; bare and clad

758-T: bare and ¢dad RAD3-T275: and bare and clad E303-T315 alloys.

The materials

were exposed unstressed and streazed in tension to three-quarters of the yield strength in a
sodinm chloride-hydrogen peroxide solution and in a marine atmesphers. The zine beating
alloya, 758-T and R363-T, ware alan axposed, while stressed by bowiag, in & boiling 6-percent

Nalll solution.

Corrosion damege was eveluted from Iodses in tensile strength and alengs-

tign. Commervial 245-T mataeclsl, aged 4 bours or looger, and the other slloys ss supplisd
by the manufacturers, with the exception of the R301-T alloy, were reslstant fo atresa-

toTTOsioh oracking.

I. Intraduction

In 1911 Wilm [1] ! announced the preparation of
an alominum-copper-magnesium salloy that, after
being rapidly cooled from approximately 500° C,
contitued to increase in hardnesa over a period of
several days, This material, in the heat-treated
condition, had tensile properties upproaching those
of structural steel. Alloys having the same general
ecomposition and the property of hardenipg at
room temperature after heat treatment came to
be known as duralumin. By 1920 fabrication
problems had been solved, and duralumin was
available for vee as o lightweight, high-strength
structural material. Although its resistance to
corrosion was generally satisfactory, it waa found
in some casez to be appreciably attacked on ex-
posure to a marine atmosphers or gea water,

Abont 1927 a duralumin alloy sheet, sand wiched
between and integrally bonded to two thin layers
of commercially pure aluminum, was introduced
in this country under the trade name Alclad17 S-T
{2). ‘This maicrial proved to be adequaiely resist-
ant to corrosion even under esevere corrosive
conditions, However, it had somewhat lower ten-
sile properties than the bare 175-T sheet,inasmuch

| Plgursn by bracketd Mdleats the litsrature refereoces at (e sod of thie
TADeT.
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as approximately 10 percent of the cross-sectionsl
arca was commercially pure aluminum with tensile
and yield atrengths much lower than thosae of the
core matarial.

In 1932 3] a duralumin type of alloy designated
88 245 was introduced. It contained appreciably
more magnesium and elightly more copper than
the 178-T alloy. This alloy in the heat-treated
condition (245-T) had appreciably higher tensile
and yield sirengths than the 173-T alloy and
gbout the same corrogion resistance. By the end
of that decnde, the 245-T alley had largely re-
placed the 175-T madterial aa sheet material for
gircraft construetion. The 245 alloy was supplied
bare or clad, as descrihed above,

At the outbreak of the war in Europe in 193%,
it became desirable to have, for aireraft structures,
aluminum alloys of higher strengths than the
245-T material if they could be obtained without
sacrificing corrosion resistance.

Developments of the next few years were along
the fellowing linea: (a) Ineressing the atrenpgth of
¢lad duralumin-type alloys by substituting ao
alloy cladding layer of higher ztrength than com-
mereially pure alumioum, (b) introduction of
alloys containing appreciable amounts of zine,
aid {c) elevaied-tempernture aging of the 245-T
alloy.
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The R301-T alloy was of the firat type. The-
oretically, the uss of an alloy having a more nepa-
tive electrochemical solution potential than the
core material should protect that material against
corrosion. However, there was no service experi-
ence to indicate whether the alley would satisfac-
torily replace commercially pure aluminum asz
the clad layer.

The 753-T and R303-T alloys contained appre-
ciable quantities. of zine. However, the work of
Gorgan and Plensanece [§] on aluminum alloye
containing 10 percent or more of zine, and soma
unpublished work in this lahoratory, bad indi-
cated that certain zine-besring alloys were sus-
ceptihle to stress-corrosion cracking. The work
of Forrest [8] on an alloy with 4.7 pereent of Zn,
2 percent of Cu, 2 parcent of Mp, and 0.5 percent
of Niwas not conclusive.

It has been known for a number of years that
the hardnesa of the duralumin type of alloy could
be increaged by elevated-temperature waging.
Early m the war Mozley [4] showed that the ¥ield
atrength of the 245-T sheet alloy, heat-treated
and suhsequently strained, could be appreciably
increased by clevated-temperature aging. How-
ever, work done some years ago at this Buresn (7]
had indicated that eleveted-temperature aging of
the duraluimin type of alloy would probably make
it susceptible to intercrystalline corrosion and
stress-corrosion cracking,

The Burcau of Acronantics of the Navy Depart-
ment wished to make use of these new high-
strength alloys m aircraft constrection, provided
they were sufficiently resistant to corvosion so that
airplanes could be based on tropical islands for
considerahle periods of time without serious dam-
age from corrgsion, The tests deseribed bercin
were undertaken at the request of that ngency to
determine in ns short & tima as possible whether
these newly developed alloys were sufficiently
registant to corrosion.

Prior to the war the bare 245-T alloy had -

proved satisfactory for vse under many eonditions
and the clad 243-T {with a 5 or 2Y-percent
thickness of 99.34-percent aluminum on each
surface) had proved satisfactory in aircraft ex-
posed under severely corrosive conditions.

Methods of testing the 245-T alloy to predict its -

regigtance to corrosion in service had besn de-
veloped, and s large amount of data had been
acenmulated by various imvestigators, Loog-
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time exposure testa of .materials in a marine
atmosphere usually indicated whether or not the
material would be satisfactory in service. Labor-
atory tests that could be completed in a few hours
or a few days frequently gave valuable informa-
tien about the resistance of s raatertal to eorrosion.

The effect of stress in accelerating corrosion in
certain metals and slloys is well known; it has
recently been shown that under certain conditions
stress may increase the damage to aluminum
alloys that are exposed in a corrosive medium [8).

In order to obtsin as much information as
possible in o relatively short time, the resistance of
these new materials to corrosion wae investigated
hoth in the lahoratory and in & marine atmosphere.
Bpecimens were cxposed in corrosive medin under
stresses equal to three-fourths of their yield
atrengths. Specimens were also exposed under
the =ame corrosive conditions, but unstressed, m
order that the effect of stress in Incresasing corro-
gion damage could be evaluated. Losses in
ultimate tensile strength and in  percentage
elongation were taken as eriteria of corrosion

damage.
II. Malerials

The materials tested included the sheet alloys
obtained from commereial sources, az follows:
Clad 245-T, used a3 a reference material; R301-T;
758-T, clad and bare; B303, clad nnd bare ino the
—T275 and —T315 tempers; and commercially flat
2453-T alloy sheet, aged for various periods in tha
laboratory at 375° F. The compositions of the
various commmercial alleys are given in table 1. In

TaprE 1. Chemical compesition of the commereial ofu-
manum alloys lesfed
(T'wpe aom poeltlws except 38 Indicated)
Cop- B{pgoe Manws-| &Ii- Chro-
Aoy par | ©10° [Ginm | ness | con | I | miem
ol % " A | % %
b= 5 2 o I B 14 06 | 0.2 |43 ...
Clod 248-T—eore 1. .| 4.5 (... 1.& AL (SR P [ P,
Bam-T—eate o, | &5 | . ..., -] .K I U (R -
Clad layw doo ..., S J S I A o 25
el mne] Bari: THE-T—
=1 I Y O B Y- rh I [ P, =5
Clad bayer, oo oo 10 i1 — JE I - o
Clad and bare R30G-
T—Me. oo 1O | BY in LT (R P Ak
Cled layer .o | . 5 (R (RN (RN P e

' A deleriined wt this Bareso,

1 {7tad Jmyer contolns 99,3 peceent o more of whim Inwm,

4 The somposdilon of the clad leyer of the B301 alloy bas been mrndilied
somewhat sinee Lbin work was dons,
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addition to the alloys Listed in the table an ex-
brencdedd aluminum alloy, of Jopanese origin, con-
taining 9.1 percent of zine, 2.2 percont of copper
and 1.4 pereent of mognesium wis moluded i
some of the tests as an example of hieh zine
vontent alloys,

Tests were condueted with bave 245-T 0,064
in. thick; with clad 2457, R301-T, and 758-T
alloys CLO64, (L040, 0,032, and 0.020 10, thick; and
with R305-T 0,125, 0.064, 0.040 and 0,020 in,
thivk.

III. Methods of Test

Two types of Inboratory tests have been com-
mwonly used Tor detérmining whether alyminam
alloys are subjest to stress corrosion. A sodivm
chlgride-hydrogen peroxide solution [9] (NaCl, 57 ¢
Haldy (20450, 10 ml: H0, 060 ml) has heen used
nver-a period of years Lo indicate the resistance to
intercrystalline corrosion of alloys containing ap-
precible amounts of copper. A boiling G-poroent
soidhim ehloride salution has been used for sorro-
sion testing of alloys contsining apprecinblo
amounts of ine [10, 11], Unpublished work st
the National Burean of Standurds had indieated
that in niany eases the sodinm ehlovide-hydrogen
peroxide snlution developed intererystalline eorro-
gion in wlleys containing apprecinble pmounts of
#gitie,  Henee, in this investigation specitens of
all compositions were (ested in this solution,

Al materials were machined  into - standasd
ASTM flat tensile spocimens with '=in. redueed
spetion. The long axes of the speeimens wors
transverse to the dircetion of rolling of the sheet
unless otherwiso mdicated.

1. Tests in Sodium Chloride-Hydrogen Peroxide
Solution

The typieal Inboratory setup for testing specs
imens i the NaCl4- a0y solution is shown 1
figure 1. The colls were Pyrex gliss ovlindricsl
tubes, 2.4-in. ontside dinmeter, Gtted mto slotted
Baleelite diskes, which formed the tops and bottoms
af the eells,  Tight seals woere muude by placing
Fabiber gnskets botween the Bakelite and glass,
Hubber stoppers moulded with rectengulor slots
slightly smallir than the grip ends of the specimens

completed  the cell assemblies.  The specimens
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were hold in place by Y-in, bolts or pins passing
throueh holes situated on the central lines of the
apeeimens pil Yg=in, from cach end.  Specimens
up to 0.064 0. in thickness were immerseéd for
24 howes in the sodium chloride-hydrogen peroxide
solution.  Onessighth inch thick specimens wers
immerseil for 72 hours, the solution being renewed
at the end of eech 24-hour period.  Specimens
woere immersed e the vorroding solution with no
surface treatment othor than degreasme.  All elad
muterils woern tested with the eladding intact,
sifieit the purpose of the test was to determing the
resistonee of the commerein]l alloy, not the core
muterial, to stress-corrosion crpcking.  For most
of the specimens tested, the temperatoee of the
salution wis maintained at 95+ 1° F during the
test, o general, theee or more specimens of cuch
mitirinl were stressed 1o three-gquarters of thi
yield steength, aod these spocimens wore sl
unler the same conditions exeept that they were
ot stressed. AU the elose of the test period
specimens were removed from the coreoding solu-
tion, cleaned by serubbing with o brush, immersed
for 10 minutes in concenteated HNOy, rinsed in
swater, dippoid in o La-percent NHYOH solution,
pemin rinssd inowster and  finslly deied.  The
spiecimens were subsequently broken inon lydrnualie-
type tensile-testing machine, atoo eross-head spead
af 0,05 to 001 . permanude.  Yiell strengths wers
oliained Teom amtographic recordings of the load-
strwin dhingroms abtained with s Templin-type
high-mmagnification stress-strain recorder

Finurne 1
prubieidnl apedtinena il lever  aystemia Jeor

Loalwratorg sleess-eoeeiaton  caek wilf eells for
e i g

npe i
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2. Tests in Boiling 6-Percent Sodium Chloride
Solution

Specitens for test in o boiling sodinm chloride
solution were stresseid by bowing.  Bowed spie-
inans held momonel metal fAxtures s the gape
used for measuping the deflections are shown in
figure 2. [t was Necessary 1o bend some of the
rodds, such as the one shown in the upper part of
figure 2, to make it possible to insert the specimens
into the large mouthed fasks shown e fgoes 3.
The monel metal rod was clomped in o vise and
the nuts were Lightenod until the desired defleetion
of the specimen was obtuined. I the ccntrul
gection of the specimen is doflected into the are of
o eirele, the stress in the outer fiber is

4 Fid

o i

) L)

where

S=satress in outer fiber

= Young's modulius

d=distanee from the outer fiber of the are to
the chord.

f="Thickness of the speeimen

{=length of the chond: for o chord length of
2 i, equation (1) reduces to

S=Eud i 1b/ind. (2]

o was measurpd by means of a dial gege reading to
0.0001 m. The fixed pins at either end of the
deviee were 2 ino apart, and the third pin, centrally
locnted, was attwehod to the plunger of the dial
pugre.  The zero yvending of (he gaes was dotir-
mined on o picce of plate glass,

Sireaaes epleulated from the dial gage measure-
ments were chiccked against those computed from
wite strivt-gage readings, uging the average of the
absolute values of the stenin measured on the cone-
eave and eonvex sides of the specimens. The
corresporiding  to these  strains  wers
determined  from  the autographically  recorded
lowd=stram diagrams for the materinls used.  The
data mdieated that the stresses computed feom the
dinl gage readings probably differed by Jess than 2
perecnt (b three=quarters of the vield strength)
from the troe stresses i the outer fibiors,

Three bowed specimons of each material wers
plinced in wide-monthed flasks connectid to rellux
condensers ag shown in figure 3

strisses

The specimens
remained in the boiling solution for 14 duys unless

12

earlier fnilures occurrid, AL the condlusion of the
test the specimens were removed, cleaned as

indieated above and broken o tengile 1osts.

Frovroe 20 Rewed  specimess for dmimiersion on boileng
tr-pereent WaClsodution and goge for defermingng di feetio
in Sin, e ||--r||;I'.I'|

Foaks ol ppecimienn worp plocedd £o nbeei in Bakelye wastiery po dnmeby) e (hom
traini e monel msinl.

Fioums 3

Horweed specimons in ploee e S-preeend sodinm

elilorride wolelion.

3. Marine Atmospheric Exposure Tests

For marine: stmospheric exposure stress-cor-
rosion tests, racks similar 1o these used in the
lnboratory were imstallod ot the Naval Air Station,
Hompton Roonds, Va., as shown in figure 4. The
method of supporting the specimons was similar
to that used in the laboratory.  Three specimens
from each lol of matevial tested wire stressed 1o
throe-gquarters of the vield sirength by means of
v systems.  Usually  theee unstressed speci-
mens from the saie lot were also exposed, mounted
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Froe 4.

Slresn eorrosion racke al Flawplon Roads, Vi,

between the stressed specimens, Tensile speei-
mens of the R301-T, clad and bare 755-T, and
clad 2451 alloys were anodized * prior to the
atmosphoricsexposure tests.  Specimens  of  the
Ra303-T alloys, additional elad 2457 ma-
terind exposed at the same time as the R303-T,
and the artificially sped 245-T materin]l wore ox-
posed  without praor suefoce treatment  axespt
degreasing, Al the close of the exposure periods,
specimens were returned to the laborstory wnd
brokien in tensile tests,
nations of coupons cut from the specimens wore
also made to determine the types of corrosion that
had developed in the materials,

Muotallographic exnmi-

IV. Results and Discussion

The results of laboratory tesls of the various
alloys in the sodium chloride-hyidrogen  peroxide
solution are given in tables 2, 5, und 4. Resulls
of tests of the artificinlly aged 245-T alloy are
shown graphically in figure 5 and those of the
R305-T alloy in figure 6. Results of tests in the
boiling t-pereent sodivm  ehloride solution are
given in table 5, and of the marine atmospherics
exposure tests in tables 2, 6, and 7, and shown
graphically in figures 5, 7, 8, 0, 10, and 13.

! Bpwelmiens were gnodllend in s I0-pesvend olipmmle seld bith G 1 e, wl
A" O ]l man mppeliea voltas of 40 v

Stress-Corrosion Testing of Aluminum Alloys

l. Tests in Sedium Chloride-Hydrogen Peroxide
Solution

The commercially heat-troated 245-T alloy, s
received and after aging at 375° I, and the ex-
truded] G 1-percent zine alloy from o Japanese
somree, both 0,064 . thick, were the most severoly
doamagred in the chiloride-peroxide solution,

The ultimate tensile strepgth of the 248-T
materinl (exposed withoot elevaied-témperature
aging) was redueed from 87,300 1o 55,000 1b/in. 2
by exposure umder stress in the Nal'l 4 Hl,
solution Tor 24 hr.  The tensile strength of speei-
mets of the same material, exposed under the
spme conditions: but not  stressed, was 61,700
Ih/in.2

Three specimens of the W -parcent zioe, Japo-
nese extrusion, exposed under stress of 61,300
b m?, Lo, approximately three-fourths of the
vield strength, Toiled in 4 he, or less,  The ulti-
muste tensile strenpths of the unstressed specimoens
were nol greatly reduced by Immersion in the
corroding medinm.

Clomplete data for labormtory tests in the 2odium
chloride-hydrogen peroxide solution are given in
tibles 2, 3, and 4; data for the 245-T and R305-T
alloys are shown graphically in figures 5 and 6.
Tha data show that (a) stress was not effoctive in
mereasing damage to the 245-T alloy that hed
been nged for 4 hr. or longer at 375° F; material
aged for this period or longer was at least as
risistant Lo eorrosion as the commercially heat
treated, hut unseed material ; and (b1 the R301-T,
clad 755-T, elad R303-T275 and the elad and
bure R303-T315 alloys were very resistant to the
combined action of stress and corrosion in the
sodium  ehloride-hydrogen  peroxide  solution.
Laosses in tonsile properties of the thinner gages of
the bare 755-T and R303-T275 alloys were not
large, were independent of the stress applied in
thi eorroding medinm, and are believed to be the
resull of pitting, which would be more effestive in
riducing the tensile strengths of these specimens
than of the thicker onies.

Metallographic examinations of sll specimens
after their removal from the corrading solutions
indicated that (a) the Japanese extrusion wos
gusceplible to severe intercryatalline corrosion, ()
all of the bare 245-T muterial was susceptible to
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intererystalline corrosion is some degreo, eod (c)
the R301-T, the 755-T, and the R303-T alloys
wore suseeptible to the pitting type of eorrosion
in the Nal(l-F HoO; golation. Mo intercrystalline
corrosion was found in these materials.

2. Testa in Boiling 5 Percent Sodium Chloride
Solution

Data in table 5 give the resuits of tests in

boiling G-percent sodium ehloride solution for tha
artificially aged 243-T alloy, the bare 755-T
slloy, the bare and clad R303 material in the
—T275 and —-T315 tempers, and the extroded
Japanese alloy.

Two specimens -of the Japanese alloy failed
during the test; one in spproxitnately 1 hr, the
gecond inabout 1day. No other specimens of any
alloy failed. The ultimate tensile strength of the
bare R303-T275 alloy (0.040 in. thick) was re-
duced from 30000 to 74,300 Ib/in.?. There wae
no sipnificant reduction in the teneile etrength of
any other of the R303-T specimens, The percent-
age clongations of the bare R303-T275 and
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—T'315 material were reduced as the result of
ptress and exposure, from approximately 10 to 3
pereent, and from 9.5 to 5 percent, respectively.
The tensile properties of the 753-T apecimens were
not significantly ehanged. The unltimate tensile
strength of bare 248-T material, aged 1 hr at
385° F, and susceptible to savere intercrystaliine
corrosion in the NaCl4+H,O» solutien [12Z], was
increased alightly and the ¥ield strength was in-
creased appreciably, i e., from 52,800 to 59,400
1b/in®., as the result of aging in the boiling solution.
The change in percentage clongation of the 245
T apecimens was about what would he expected to
nceompany the increase in yield strength. Henee,
subsequent boiling chloride testz were confined to
alloys containing appreciable ameunts of zine.
Metallographic examination of specimens of the
Japanese extrusion, on removal from the beiling
chloride =olution, revealed severe intercrystalline
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corrosion and stress-corrosion cracking., Speci-
mens of the other materials were pitted, but nointer-
crystalline corrosion or evidence of stress-corrogion

eracking was found.

3. Marine Atmospheric Exposure Tests
{a) Artficially Aged Bars 245-T Material

Data on the bare 245-T material aged for varni-
o8 times at 375° F are given in table 2 and shown
praphically in fipure *5. The ultimate tensile
strength of the commercially heat-treated (but
unaged) Imaterial was reduced from 67,300 fo
61,300 1bfin? and the elongation from )8 to 8% per-
cent by the combined action of stress and marine
atmospheric axposure. Specimens unstressed, but
otherwise exposed under the same sonditions, had
an average tensile strength of 66,700 1b/in.® and an
elongation of 15 percent. Genernlly there wae
littla difference in the corrosion damage to the
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material that had been aged for 4 hr or longer at
375" F, whether the material was cxposed stressed
or unstressed. Date also indicated that material
aged 4 hr or longer was no more severely damaged
as the result of siress and exposure than the com-
mercially heat-trented but unaged material.

Intercrystalline corrosion in some degrec was
found in all of these specimens,

(k) 735-T, R301-T, and Clad 243-T Alleya

The results of merine atmospheric exposure
teets on the clad 245-T, R301-T, and bare and
clad 755-T slloys, 0.020 to 0.084 in. thick, all
anodized prior to exposure, ure given in tables &
and 7, and ara shown graphically in figures 7, 8, 8,
and 10.

The data indicated that the bare and clad 755-T
material of all gages was very resistant to corro-
sion in & marine atmosphera,
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| [ |
00" EACE Q20 gage |
d s e et Dl " e |
Pt WADSTETS WA TAR SR T A 51 o TEry WA TE |
W | ]
W G I L T T
Fiatur 13 o priprppogi of wittmnle lensile &l |I:I||I'.' dniel
erite i oy [ elimigation of clad 255-T wmdilerial  and
31 T il wrind renaed (f and afler wrposice for
Wit il e fowrdha af the yiedd wirenugih (MK
o wnalreised (A g maednie afod phierd
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g Tanwe 2. Effeat of aging period af 575° F on (he revizfonce (o corronion of O.084-tn, bare 2L58-T aluminum alloy shee! tn the Mot HaOL selulion and in g
marine ol mosphere

Epecimens taken parslicl Lo direction of colling of shoct

Tensle properibes of ubhinr- "Tetigibe neperties af material after 24 hr expogure In MaClEHi0y | Teosik properties of materals altey fweeks sxpoanre in marine
rvled mmteri] St BN P
Avorags i i i :
applied | Viedstrenge | MUDAMetensile | mongueningim. | Yield strength vitine e tevsll | Biongatlon in 2in,
Aflng porlod atreas in

YielclrLI Ubl::‘bd:;?u Eﬁﬁ mln[ - — - — e —- et s -
Ang v W T bty C*hange Change Change Change Chauge
trengih 2in, {rom un- . ! " : from un-
Aversgs | VT | avorsga ) TURT | aversgx | [TERA | averser | TOUCAR | Aveare | SRR | Avemsze | £O0 4]
mslerinl Tfiteq el MAteTiA] miberial Tty Rl mtorlal
st o [N Iifin.d |7 of e, &) Hyjim ¥ h o afed 31 % Snfend, §F| MWERA [ Toofeeh B3] MR} | Thafcol 4 o o f ool 4T
A7, 300 13 ] i, 300 o a3 ﬁf;.m ] 156 47 15, 24 . 43 i, TE) (%] F1N] 43
7, 0 LE] 47, %0 13, 50 1.7 58, 1.3 a.0 &7 9, 20 T& | B3 Ly ] 2] L]
A7, 900 13 a i, Bon 4.7 =, X0 (L% ] 4 - [N IR, DU PN BRI EO
5T, S0 1A L el ] 47, &0 481 5580 7.3 5.0 |7 [P OISO DRI PRRIVPN PUIIUTN M
13, Ak a5 L] 55, T 1.8 Az, 0 w1 A4 0 BL. 7 24 7, T R 45 A
HeL, £y 3 AT, 40 M, I 1.2 63, MWy .2 5 =" iR LT3 1.1 A7, 1A EN-1 L 47
A, Wk L) L] 575001 18 4, 20 LAY 5.1}| ik} 82, KMk 1.4 B, 401 1.4 a0 ps
50, 4 G4 A7, &M e B[ G B00 8.1 o (B0, Y wa B7. 0730 3.5 A0 ]
BT, W ] 1] 34, B a1 1, G N A 4.0 L] LR L) B, 1 21 4.0 13
Lo L] [ 30 | M B LG [ 9L W 8.3 32 | &AW LI oa, 50 L2 (] e
BT, W -] &, Bk 8.2 #1, B0 ur 1.3 253 596l ad 155, N} b7 4.0 ¥
L. L & i, 91 b L8 GL, 60 8.7 L) n &, HK} +1.8 B49; Nk [ ] an Ly
Bvg =, deve, SHd ... 1.0 LN ] B | Wit remted LA eees L [ 2 (R - 3 (. [ I JL | 3N [
max akd. dev oL 2.2 14 b O I~ B 18|, Ly - 11 LI [ S 1.8 ) ) PR
’ 3 = 1A 2t PRI [ R Shregaed. . - I L1 |13 PR LT 1L4].- ——— - | R

max bl dew W | FRUEEIVI PR R : . ). [ Hw'. ............ LI 0 T I LE A ) R 147

1 0.2, affoet from myedulus line,

1 hanges I properilss were negathre nnlees preceded by 4, which indicates gaioa.
A Vindlgess are wvermpe of 3 Or tam apecimens, onkese otherwion ndleated.,
1 Sitandard deriation for ail nateclals wers obtained from the Iodivldusl granps of speeimene by walng the eqoadion

e \/fgf?ﬁ

Bianmdard lﬂcﬁ&ldun-—-;/_(;g_:)T('g)' N1

where X, pre individual valees, X 13 the averes fior ihe groap 63 given n table shove, wnel W= is ihe nunaber of smapdes.  Standard devinblons are glyen b pesmanbaged of e wveosge vaho, X
! Matarm] nged 12 e B .
1 Materis] oged 3 hr.
I Msierlsl aged & hr,
! Materin] o sged.

gubesey po [DWmo|



TapLe 3. Carroston teals in ihe NaCl+ 04 soinfion on bare and clad 755-T ond REQS-T alloyge !

Temiile rtiea of umex- Tensik E3ed i TN EATIA] WlLaF £ pasuare
pumnml prope .
Streenin |  Yield mirength Vs a ™ | Elmnestion in2in,
DaviaHon T:ebg“t- BOTT g
Yielg | Vtimake [ Els Hediamn
strength nEmgth tlé“i]ﬂ t?um T rEnmn.u f?l:lm -
' AVEIAEE | ol aed | AYARES e | ATERED | o ded
material maker [al ranbor sl
JAPANEBE EXTRUDED ALTTMINUM ALLOY *
. Ufint Tirfin & % ihfin. t Hind | Hafend.d | IR | Toofeal 4 k] Taof el 8
. 064 81,46 | -B6, 600 4.8 L] B, #00 13 B, 10 Y] 1] "
064 A1, #00 BS, 000 48 61, 300 Failed - Falled [ Failed [
maxetd. daw. B3| ..., L] LY ) LILT T, ] [ I . LY ] [ 7 RS
EMI-T ALLLY
0. 064 B, B0 1, T 1 & 45, 00 i, 100 s 155, LN ] .0 a
051 B0, 800 | G4, D00 1.0 L5, O 0, 200 .9 A7, Bt +1.4 5 x
.40 | eLBM0 | 80,300 05 4B, MO AL, 600 B &b 40 1 &4 H
1o | sL 40 | TITOR a9 4%, Q00 B4, 0D . T 400 LB .0 o
-O3% 600 | 68, B an £, 700 5, TR 1.5 g7, 000 28 N Lo ]
3% 2, PO 0, g 4, 70 a0, 4ol LN B0 [ 14 E5 15
LA A2, 200 | 70, W.Q A6, 200 ), M 11 B, 500 T [ 0
0 G, B 56, 400 B 5 45, D0l 56, DNy 4 -8 L N BED L]
avg ed, 20, T i O L0 0.6 4 Biressed 40 R | I R . ] [
[T TE AL A P I LE Lt ] do 1.5] - 4.2 Ty 1B | aeeeeeas
CLAD 768-T ALLOY
GOM | 84,000 | TH 500 W5 47, 00 85, 000 L &, 5Ot &4 b9 ] T
(MO 65,100 | Td, 500 W0 "¢ 0, 200 +L5 &, 100 +.4 105 +&
D 95, 2 T, 800 w.p A9, 5, 200 +1.5 75, 00 4.8 1 ]
L] a7, 50 1’9..?00 o 10, 0 &, D00 [ T, 400 LN ] Lhir 1
...... 11 i 1] Blresned Lo L] 1 -
ceeeam 1.4 LT B o L2 -5 )
BARE a-T ALLOY
0. DE B, 300 23, 2] nwa &3, 000 B8, 300 L4 'm.m 1.4 130 7
CHulk 1, 300 22 B0 s a T2 300 +1.4 EZ, 000 T LY &
- T, 300 a2, M 1.5 LR 72, 600 LT El, 000 12 'Y ]
-2 i L 81, A0 L5 L] LR L) [N ] 75, 100 o 14 ]
a2 1, 60D 81, By 125 &1, 900 0, 3 L4 TE, 000 LX) 38 H
100 T, 200 B, (NN 10 L] T4, 400 +-3 B2, ¥} iz 5O L]
AR T, 200 H6, 000 a0 35, S0 73, -7 B, 200 5B Z6 7
- 0é 0.6 H Unstreassd X} L2 o) [
max std, dew. oo - L1 B ] do B ] L. TR [
avggtd dew % . 1 _..___ R B e Birmged T R L [ - T -
wnx b, dew. %o | - [P I L% 1B R a4 P T [
1 AT apodimens ot trmnsvacmily Lo direction of rolling, unbes otherwise odiotord,
1 3npcimens. fransvers) Japaness extrusion cootaining ©.1%% En, 22% Co, and 143 Mg s priocipal slloyitg elbisnta.
o A warage A maximmm standard devistions are given [0 percentages of (he aversge values [n the tabds.
+ Bpecimann taken paralial to dlrection of rolling.
¥ Awhrage Of 2 apeolimang,
V. geclmeany,
T (0. apscimeny,
Streas-Corroslon Tesiing of Aluminum Alloys 79
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Trnie 4.—Feauite of corroion teals in NaCl4HaO: relulfon on the B30F Alloy!

Tenslle tles of - Tenale properties after pxpomars in MaClH-Had: soiion
Hgtarinl
Shreas {n Titimats tenaile =
Commerch) temper T:BL::- ot Yiewd atrength strengih Elompetion [ 2 [,
Tield Ut!mmem ]Eilgn o B
strengih Change Change Olbwesign
8 | gtrongth | 2 in. A momoo- | from un- | fom un-
YEORES | yorretad STEER | soqpoded | TEFRER | norroded
materisl thaterial Tinterinl
BAKE MATERIAL
i, Wi, | Mfimd | Prreemt | Dofin ofEnz | Goefeol x| Mvint | Sofesd J | Peorm | 5Gof ool £
0122 ™0 | BLe | oALE n 73, 300 24 A1, 10 0.5
R ™HO | A I0e (TN 56, AN T3, 500 1.8 A1, 300 L
1. 06 TH 400 | 70, 800 .o 1} 4, 000 0.8 ™, 100 0 H.0
1_D6e T4 | 70800 no 56, 100 THAM | 4424 70, 500 & 1.5 +5
] T4, 40 BD, 1My 0.7 1} B0, 700 L} T4, 10 L5 &0 il
« CHA T4, 400 B0, 1} 10. 7 55, ") o, 200 58 T7, SO0 b4} 40 0
;] 2700 [ 0 00 nn ] 73, %0 4.7 4, 100 L5 5.0 52
N 20 (8030 0.6 5,40 70 +.3 T80 L] 80 n
- kB LI N ] 4 Unagreased 11 N, a4 e 15 P,
L2 L 5 e, 22 | o -} ——m 2 ) S,
________________________ Eiressad L3 4 a7
............ . LB R, A [, A7 R,
7,200 | a0, 100 0.0 [ 13, 500 i, | B, 400 +Hi A X 0
TR200 | S0 WD b, 200 ™, 700 o+ 7 B0, 400 +1 7.0 0
&7, 700 T8, B00 ' ] 1] g7, 0 N ] 78, 00 A LRI =+
&7, 700 T8, B E Foullr 1] Lirg: 1] +.1 T8, B +.3 1 i o
66,100 | 74,300 e (1 4, 900 1E 73,300 13 ) 16
8,100 | T4 30 0E 49, 400 a8, 3 12 13, 500 1 20 16
70,200 { 74, 80 0E [ 5, 400 L1 0, 300 L& a0 16
0,00 | T 800 & 2,600 |40, Boo +20 [P 80 +i ag | &
svgbd, dev, .oy . LA ] [N Toalresd 4 | e L | N P, L] P,
o abd der T ] 1 0.4 ] T T 28 | ceeeeen .B 8
avgmd dev. B rl] hienas e [ R Eirassad Lg R N ] e % | e
bLTEET IR T B SR R I [ I . [ — iz R B e @Y e
OLAD MATERIAL
I 7R, L (EN) n £, 100 2.3 7. 800 [ 1L H
AT 7 100 1o B2, 000 455, w00 EN 77, (N i ns H
BT 40 [ 74, B0 1.6 0 B4, 100 4.0 73,000 0 1.0 F
47,400 | 74, B0 L5 B0, 500 B, 400 (X0 71, 200 an 1.5 0
09,200 | T 000 L0 B 0, 200 L4 76, 400 +1.8 1.0 0
00,200 | TH 000 1.0 50,000 50, B0} 0.4 7,000 +1.3 1.0 [
48, m T, D00 a3 1] . Tol L& TL, 700 LG 25 ]
G, 000 T 00 43 S M0 8, Bl +L3 T4, 200 20 100 +5
e 0 4 | Unstressed| L& 0.4 i -
1.3 T L] o 23 P, 1.4 e——m . S
S Ftrasme:d 2 Lt | . f
I .| as FX 11 T
T | B 9,000 | 75, 600 Y [ o, B +i & T4, BN +4 LY
- BRLDOG | TS A w0 LR o, $ +30 78, 50 .1 g
Bt BOD | 7,600 0 0 5, 000 i 3 733m ¥ w8 +1n
f R [T 600 b 48, 41 4, 00 +.2 2 4m .2 10,0 +4
i i ] 2, v0r L. i} 87, ol +1.0 T4, B0D +1.2 0. ]
0, M T [FN 3 ik, DO BT, 40 +1.7 T4, 800 +1.5 9 x
G000 | Ew LN 0 0, 100 ig 9, 500 L 60 EL]
2o | 70,300 o 441, 600 g, 70 AT L 000 [ 2 £ 1
0y 0.r 3 Unstrecsd | 2.6 L# 3
[ | 1.0 12 b .| 180 T, 148 R, 1l
------------ I Atreasad Ll e L2 e X [
...... SR R I | N P 23 45
1 Al specimene talten trauavemaedy ta direstion of rolling. 1 Haat treated from 0" pondition st the Buraau. 14 aigm lndieaten gain,

! Avirage and marimum giandard deviatiane s gven in percontages of the Rvarage valmes in the table.  * Aversge of fepecimens. 00201, matociad,

Jeurnal of Besearch




Tasre & Effect of boiling NaCl solulion an spectmens slressed (fRree-fourths of yiald sirength) by bowing 1

Temaila propecties after axpomma in billog &paroant MaCl solotim
’I'emilcpmwl.lmﬁ
unezposed materls TUhimata tansile
—_— Biresa Lo Yiald sirength Araagih Bkmgatiom In 3 b,
M aterial fras —— cxTiing .
medmim Ch Changa h
BRI LT Y
Yighl Ulgimsts | Eknga. Erarn - Irony - I un-
urength “mnl.'leh ﬂﬁln'“ AVerege | Lopdeq | ATECHEE | popoded | ATEEEE | oonded
rengt " material magarial makerial
BAEE MATERIAL
in. Btn | ik % i M %a;m;.ﬂ Byinr | oaread 4 % o0 af el
WET | 0.0 T, SO0 5, W) H & 4, T TG, 90 +4.2 LA |° kb ¥ L]
=T | MO T, 20 31, #l 12 o, T4, BN +5 7 e, Eak LB 1Y 2
avgebd daw P .| ... K3 L% 11 Hireanad L4 | .. 14 [ 3 R
bt o o R — N 51, BOG | 0 D00 | .5 iy, #00 S, 900 4125 T3, 800 +5.8 135 7
prgatd, dav, oo ... ... 8A | L1 S Bt regtod 16 [1%:3 3
Exii. . [S—— X ] 0, G B, 100 19 i, B LRI H ] 2.1 5, D} 32 B 5 1]
RMg=-Tors b .- oty T3, #N) T, BCE) 1] (XL T, B0 +1.8 T4 100 Ly} 3 k-
RM3-Tars. . - —_—- Ll T4, 400 &, 100 m EG, B 18, 1t 8.4 T4, S F T4 m
avgebd dav, B ..o oo LN} | g E Biremed L4 [ 21 [ - S
RMG-TIA .. _.._ .. .....- 0,048 67,700 | T8, A0 b5 50, 700 ] [} TL X0} LT [ X1 i
RMG-TAA .. ... ... Kl 6100 | T4 3N B A0, 500 &4, EW 26 T80 ER- 1X] 47
avgebd. daw. ... __ e 0.3 J L% ? Shrmaed L | ... LY | e Mo
CLAD MATERTAL
[0 S s L [T 87, 400 74, 500 11. 5 50, 500 &0, 500 +27 75 B0 +1.7 ons L]
RHE-THEY . .. o] 0D B, 200 T, W} 1 51, %00 7L 800 +3.E 7, B0 +235 Bk n
g A dew, S5 .. LR od 2 flraaned 0.3 0d [
RE=TE00 .| O 0, B T2, 6 .1 8, ) A, H. & TE, ) N 9.1]- 3
RiW-THEe. . .| .Ml i, 300 T2, vk 1 A%, T T, 0 +1.2 T8, 400 +57 .4 T8
avgatd. dew, S .. __ ——eem 1.1 [ % 'l FErresped o4 [ Ln R 13 [ -

| Bpesimems takon teansversely Lo dirselon of qallng of shee! except Tapansss cxtrided matetial,
¥ Averags siandard devintions e given On pemoembognd of IBe avesdge vales reporied b (he (abls
1 Bpocimena agad 1 br at 30° F,

| Bpecimens rom Iapaness estrosions conbbined Zn, Gu, de] ME 23 principnd albiy g olenionts,

! Hingle specimen; & apecimens failed in teat, 1 in spproxitiately 1 e, the seond (nosbout | day,

* Hest trested rom 4" conditlon at the Borean,

Strese-Corrosion Testing of Aluminum Alloys 8l




88  Tasn 6. Tensslepropertios of transperse specimens of clod 248~ T', RS0!- T\ and cladand bare 58— T alloys befors and after exposure {arodized) in o marine atmosphere

Erpoaure w:udm e Tanxla propartiea of srpresd materhl
Nommta chick Applied VM strength Ulthnats tensile strength Elongation in 3 in,
Mutaril ominal thick- oocrod-
B Uhimate | Blongs- Changs
Perod ! | Tume | YHM, | teocils | tonin | Biamdard | b Btgndard { ST Stauderd | from 3.
srength | 2k Average | devia- aoprodnd | AYEraee i aoided | S TARME devis- | oorroded
[T syt thoan | SR [T amid i
i, Err i | Min | Pereead | Mt | Mfnd | Wefes 8 of ool 0] e | Theofend. 8| afes, S| Paresed (0% nfool, 3 |95 af ol T
1. D64 1 il 41, 100 | 04 B0 w3 L] A2, a oL +14 4, 7 12 +0.3 183 LA ]
N 1 H1 4, U0 | 6 DD i 8 a1, 6o 43,000 R +4 8 w000 | i BE ] - [ [
. 4 1 L1} B, 600 | 86 800 o, & LU ] F R 0y B2, O Lo +L.8 o, & ] L]
K. 1 n B, 00 155, S0 (LN} <4, 000 N, (00 11 +.7 d, 800 0.E a8 | - ————— -
K 1 n B3, 600 | 77, OO H o 64000 04 +L1 TH, 800 3 +i 6 (LN} L] i
Ki .| 1 18 5, ank 7 D0 14 44,00 85, 500 14 +27 TR, L0} .3 +i.7 4.6 4 L}
KT 1 1] TR B0} | A 500 w5 9 | 7600 [h] a3 B, SO0 7 HLE 11 5 +8
K 1 n ThE0N | BD, Z00 1, % MMy | TR M -5 -1 B, 50 N ] +.4 11 5 +&
M 1 ] 3 60 | 48, T s 0 | 49,800 N +.2 B, ] +.2 1.5 L] 5
R 3 [ 1] 5,800 | 85, 0 155 a8 | MM 3 +43 54, 500 ] +.2 14 3 a 1
W0 2 1] 1, 50 53, 200 .4 4 6L ma (Y] nE 54, 20N 21 L4 L] -] 3
MG 1 [ 1] fa, B0t [ 89, 30D (L3 46, 4000 | VER DG | . 3 | V8, 00k R L9 LE /% T IR &7
- 2 ] . X 7, a0l L LI R ] L X o3 TV, T {3 4. 2 ] i
N F i) B4, 300 7, Lk 1L 5 A7, 400 i, T o3 -} 7, 600 4 +.3 ik 4 L]
) H B . [ N O o | A [ .5 +.1 K, 100 4 +. 0.4 13 13
N 2 i} 71,200 El, S0 L+ 1, 900 71, B 1.4 +.8 EfL, 600 [N} 1.4 1 & .3 1B
K] 3 L1 e | 65 e 1] 0D 45000 8] +L5 66, 500 (%] +1.2 L% ] L] B
i & BT &3, B0l S, TOk L] I, W 45, I LT +3d 88, 100 .B HiL B L 11} B8
A3 3 L7) 3, 800 5, 300 i) 1] B, 400 '] 03 67, 500 &5 Py L ¥} 2 L
-] 3 i) 1, 0 BE, 500 LA 45,000 | 57, B —ewre 10 [TE.H0 [ 5 LEN} R 58
A & 57 B, 300 ™, 200 11, % i] B7, 100 L& +L2 S0 00 o 41, 4 1 1B +
K| 3 & 8, 2N ™, 200 1.3 48, N A7, B0l os +13 50, 30 .1 414 L5 L1} +v
N - i ] ek, TOD =, 300 hti) L] 435, 300 .3 +1.3 &4, T L& +ki 14 ki 1=
AN i B L 03, 200 (3 32500 | T A, 800 Le H3 i, B0 L3 0.8 15 11 L]
A i B 58, Bod 5, 300 B3 4] 58, 600 d +1.1 7, 800 12 +z1 7.8 [ 12
A i B M5, 300 B, 200 a.n LA B2, S0 4.0 +41 M, I R iz 4 100 k2
Clad T58-T..__, A [ 5 A7, X TH, B0 12 4] B4, 500 0.8 1.2 .6 0t LR ILE L} 4
Clad 758-T....._ A 1 B ET.200 | TE, 800 12 3 X | f a7, 500 1.3 VS NEE ¥ 11 +.39 T 1 8
Bara 755-T _._. -2 4 Eu T, 0 EE&, QnD 12 L] T3, 400 03 1.1 B, 300 4.6 0.2 1n L} 7
Bars T5B-T' _. .. - o0 4 Bl Tk, AWy 35, ) 12 B, 200 L, 600 & -+ 5 &I,f[l} 1.E T E & 52 o
wog afd dew | .- R L B T VRS R I I R N [T TR
Clel 2T AT g e T o R LT Sl . Z S CTTTT N IPPUIEE [P - R [N
-y RHOLT argatd dev | oo | ... L3 G5 S I R S — U I
E‘ T e agd, der 0 -- - 25 B ) [ T (R I [ e (S, R -
avg atd dev. F...| .. — L1 -8 ] — [N — —- ———— R [ —- —
] T.. .
. Cind 788~ max afd dew | .. [ ... L4 LT B | - [RURRRE [ [—— — ———— — ———— — -
2 B v atd, dev. T - . né 0.8 T —_—- ———- —_—- [ -
' T maz atd devw. FHo| _____ e L1l _B wobo o U R S LI, I, —
1 Perind 1, HYZT G b 1ERS: perlpd 2, LEMAE to 414040, Deriod 3, 02T ta LaMS: perio 4, 172845 b0 405045 % Binpls spaaimen; ? specdmens fakled durlsg teak,
¥ Thw Averae brid DI lmn dandaed davintiogs we gdvén in pereémisged of (Be avwnge valust af biasile poropu e, ¥ 9 apmcimind; 1 apicimon Tiled during bt
E B footndte 1, talda I, for mathedd of comipuating standard deorlatlons, T Averme of 2 specimems,
! This high walae of standard devistion indicsted noountorin maistanee to comoalon,
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Tanre 7. Tensile properiien of transserae specimens of the clod 248-T, bare ond clad R203- T8 and RI08-T8IS slley maleril before ard after exposure for
58 days in o marine gimorphere §

Trnslla propearties of expossd material
Cheotrond matertal
-1 katerial Appliad
i Yisld strangth Dltimate enella strength Elmgatm in 2 n.

Mutsrinl MNominal thickoeas lr:dm!-

1311
Yiga {Uitimues | Elongs. | medlum Btndera | Chasse Beanqara | Chomes Standsrd | CEALER
atrength temsile tino Average | devis- oo Average { devis- srrodsd | ATEMBER | davia- | o sl
airength | in2in. Haned | ptacial 003 | praterisl | g gerda)
n. Hipw ffind | Perind | Byins Wind | Pereent | Soofeold | Wied | Peeeat | Shafeold | Porcent | Peroetd | Gofed §
Clad Ri0g-Tarsy ... LN 200 | THAM 125 L] 54, B 1.4 AR | TE W 0.3 +LT wa 4 i
Clad RIE-TRS) ovviiaraaae N B A | TE 9 1x 51, 400 7, e 1.4 +4.6 | T AN T +ai8 (MR 1 4
Bare Rald-Ta18 __ .. N 67,700 | 800 'Y 1] B7, 000 1Y 10 75, Bo B 1.2 5 B L]
Bare RWG-TH6. . ______._____.. o | LT | 76,800 &5 | w70 | o TR z5 +3iq | 75000 N 0.y ) 0 5
a7 B |- 080 | 43, R0 | 66,00 18 B o | 4400 13 0.8 | G5 DN in 3.3 Hik m 1
Cld HB-T ... e LD | s BN | 68, Toa 136 | =500 | 45 D0 L5 3,8 | W@ X0 1.2 (1] 1 & -] 41
Clad EMG-TM. .- M0 | 66,500 | 7,000 1] 0 | &8 200 o7 0.2 | T3 300 0z 0.3 ¥ ] ]
Clad Rood-T26. ... 0 | 88,300 | 73 5OG n 49, B |- 66, 000 .8 JE 1 138.0m K- L aT 0 5 0
L0 | TLADD ] RO, 100 1 ] 15 .8 &2 | VMM N 1.1 25 40
' 080 | TH A | B, 100 10 56, 100 75 &m0 6 T4 | T 1.4 Lt T - o)
L0 | 66 100 | 74,300 LN 0 | &6 500 A 0og | e & e ] [F] 5
.00 | e w0 [ T I0 9.5 | 4950 | B8, 100 .5 | 7w N L& .5 & 0
Cled M2-T_ - H, Ta 4%, 300 1] L1} X, 9 1L 158 BZ, 30} . | ) 1.4 1135 3
Clad 293-T_ ... ____| SO0 | M TN | 63300 i1 W00 | AN | . +1.8 | 00 -4 b4 N 1 2B
Clod B303-T2S_ ... A0 | 68,0 ™, 0l 96 o | 600 .8 1.4 | TS0 R ol ) 0 5
Clid BX3-T28. . ... A | 68000 Th, 0od 9.5 | WL600 | 67, D00 12 L7 TE, Sk ] .l ] 7 5
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The average tonsile atrength of the clad 245-T
material, 0.064 in. thick, was reduced from 64,500
Ibfin.? for the unexposed material to 59,000 Ih/in.?
for material exposed under stress. The tensile
atrength of axposed bhut unstressed tnaterial was
not significantly reduced. Tha large value of the
standard deviation, 13.6 percent, for the dad
245-T alloy in thie gape indicates that the apeci-
mens were not uniformly resiatant to the combinad
setion of stress and corresion. The ultimate ten-
gila strengthe of the clad 245-T muateria]l in the
thinner gages were not appreciably decreased by
eorcosion or the combined action of stress and
corrosion. The elongation of ihe .032-in. thick
material was reduced from 19 to 6 percent as the
reault of exposure; the elongations of the 0.040-
and 0,020-in. specimens were not appreciably
reduced aa the result of stresa and exposure in the
raarine atmosphere, No intercrysialline corrosion
was found in the eclad 245-T or 765-T alloy speci-
men3 after they had been exposed in the marine
stmosphere,

The witimate tensile strength of the 0.064-in.
R301-T muaterinl was not appreciably changed as
tho result of stress and exposure. For the 0.020-
in, thicknesses, the tensile strength of the stressed
specimens was reduced fvem 66,200 to 84,100
Ib/in.?, and the elongation was reduced from 3.5 to
4 percent. Two of the 0.040-in. specimens, and
one of the 0.032-in, specimene failed during the
exposura period. One 0.040-n. specimen failed
after 38 days and the other after 8) daya of expo-
sure; the (.032-in. specimen failed after 67 days,
Ag indicated above, these specimensd were exposed
under stresses egual to about three-Tourths of the
yield strength; the stresses amounted to 46,400
Ibfin.? for the 0.040-in. specimetis and 45,000
Ihfin® for the 0.032-in. specimens,

Bacausa there had been no failures of specimens
of the other materials in exposure periods as long
as 91 days, additional sets of R301-T specimens
in three gages were exposed without surface pro-
tection by anodizing or other’ means, in tha marine
atmospheric exposure Tacks in November of 1946.
Specitnens were unstressed and etressed to three-
foyrthe of the yield strength. Two of the 0.025-
in.-thick specimens failed after approximately 18
days of exposure. Intererystalline-corresion and
stress-corrogion cracks, as shown in figurea 11 and

12, were found penefrating into the core material
from the vnclad surfaces of the specimens. Tho
fractured surfaces of thess specimens were very
similar to those found in the specimens that had
failed in the earlier tests, Although no evidence
of siress-corrosion cracking had been found on
metallographic exsmination of the aarliar spaci-
mens, it seems possible thet all of the failures that
ocearred in the marine atmosphere were due to
intercrystalline corrosion penetrating into the core
material from the cut surfaces,

The fact that there was no appreciable loss in
tensile strength of the R301-T material after
exposure in the sodivm c¢hloride-hydrogen perox-
ide solution may be explained as follows: Tha
clad layer may be considered to be the noode of &
galvanic cell, the core material the cathode, the
correding  solution the electrolyte, and the ex-
ternal circuit the muterial itself. In such a cell
the clad material may be preferentially destroyed
with no appreciable attack on the cora materiel.
In atmospheric exposure the same type of cell
develope as long aa any drops of moiature, col-
lected at the cut edges, are sufficiently large
to wconnmect the core material and olad layers,
However, i tha drops of moisture are confined to
the core mokerial alone, & new type of cell is
set up, The palvanic eells cease to be macroseopic
and become microscopic. The material adjacent
to the grain houndaries in this type of heat-
treated alloy is believed to be impoverished in
copper and has been shown to have s more neg-
ative clectrochemieal solution potential than the
material within the grain or crystal [13]. The
material abt or sdjacent to the grain boundary
becomes the anode, the body of the crystal
becomes the cathode, snd the grain-houndary
msterial goes into soluilon, giving rise to the
well-known intercrystalline type of corrosion.

=) E33-T axd Clad 245-T Maisrials

Data for the R303 alloys, clad and bare, in
the —T275 snd —T315 tempers and for the clad
245-T alloy are given in table 7 and are shown
graphically in figure 13, These specimens were
exposed for 56 days in the marine atmozphets
without surface protection by anodizing or other
Means.
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The data -indicate that the K303 material,
bare and clad, in both the —T275 and —T315
conditions, was penernlly at least as resistant to
corrosion and to the combinad action of strees
and corposiom &5 the clad 245-T material in the
BATHE ZAgeS.

No intercrystalline corrosion was found in
either of these alioys on metellographic examina-
tion after they had been exposed in the marine
atmosphere.

V. Summary

The resulta of marine atmospherie weather
exposure and laboratory stress-corrosion  tesis
deseribed in this paper indicate that:

1. Commercially flat bare 245-T aluminum
alloy sheet, aged 4 hr or longer at 375° F, was not
susceptible to atress-corrosion cracking in either
laboratory tesia in the NaCl4H.() solution or
- in marine stmospheric exposure testa. Specimens
" aged for this period.or longer were at lesst as
registant to the combined action of stress and corroe-
gion as the commercially heat-treated but unaged
material exposed under the same conditions.

2. Clad and bare specimens of the 755-T

alloy and of the ¢lad and bare R303 alloy in the
—T275 and —T315 conditions were found, after
exposure pericds of 80 to 90 days to be generally
_ a8 registant to corresion or the sombined action
of stress and corrosion as the clad 2453-T alloy
in the same gages.
" 3. The maximurm loss in tensile strength of any
eet of epecimens of the R2301-T alloy immersed for
24 hr in the NaCl+ H;(); solution was 2.6 percent
and wasg attributed to the pitting type of corrosion.
The tensile etrength of the 0.064-in. material was
not significantly reduced as the result of exposure
under stress in the marine atmosphers. How-
ever, five apecimens of this alloy in 0.025-,
0.032-, and 0.040-in. gages exposed under stress
equal to three-fourths of the yield strength failad
after exposure in the marine atmosphere for periods
ranging from 18 to 20 days. Intercrystalline
corrosion end stress-corrosion cracks, penetrsting
into.the cora material from the cut edges, were
found in two of these failed specimens.

It should be noted that the failed specimens
wore ¥ in. wide. The failure of specimens of this

Stress-Corrosion Testing of Aluminum Alloys

width does not indicate that wide sheets of this
material, axposed under stress in & marine atmos-
phere, will fail as the result of intererystalline
corrosion penetrating into the core material from
the cut edges.

4, The results indicated that stress may appre-
ciably increase corrosion damage to certain alloya
of the durslumin type and to cortain aluminum
alloys pontaining appreciable quantities of zine
that are conlinually immersed for 24 hr in the
NaCl+H;0O. zolution.

5. The data indicated that a boiling 6-percent
NaCl solution may produce stress-corrosion crack-
ing in alloys contaiming appreciable amounts of
zine. The 245-T alloy, artificially aged so as to
be susceptible to severc intercrystalline corrosion
in the NaCl4+Hi: solution, was not stress-
cracked in the boiling chloride rolution.

6. The results indicate that therc was generally
good agreement between weather exposure angd
laboratory tests, except for the R301-T alloy.
The contradictory results obtained in the t(wo
media on this material indicate the dasivability of
checking the results obtained on a clad material
continucusly immersed in the NaCl+H:0: solu-
tion with thosa obtained on stressed specimens
expoaed to the weather.
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