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Mechaniems of Corrosion Fetipue

of Aluminum Allny

D.J. Zuqustte
Materlals Engineerinr Department
Rensselaer Pcuytechnic Ins“itute
Troy, New York 12182
V.84,

Abs<ract

An cverview of experimental variables which are considered cri<iczl - understending
+ne mechaniscos ¢f corrosion fatifFue of high strencth aluminum a.loyr ‘¢ rresentecd. EBased
on this overview, an examination of previously prorosed mezhanisme ir attermpted, These
models include anodic dissolution,surface energy redu:tian,an, hrdroger. emirittlement.

It is concludec that hydrcgen embrittlement of process zones 3t allcy surfaces [for cra:
!nitiztion) andé at crack tips (for crack propagaticn) best exrlains otserved resulcs 3
general model cof corrosion fatigue of these alloys 1s preposed. This model susrests tha®
the nature of the naturally formed oxide film on aluminum allove mav be z cpltlical faotcor.
Cherical or mechanical damace ¢ the £ilm allows hyvdroger. insress. The prresence of secc~d
phase particles which may azt as sinks for dislocation transported hvdrocer,may alsc be 2
necessary prereguisite to sienificant amounts of reducticn in fatisue resistance assncliataid
with cerrosion.

Introducticn

It 1s well ¥nown that nigh strength aluminum allcys are nighly susc
mental degralaticn in the presence of hallde 1ons. In the unstressed 3¢
tizn mar bn manifested by localized corrosion such a3 pitting, crevice - Ior
f:1latisn “praln toundary attack). However, under conditlors c¢f ar::i r rect
strazsas, these allovs mayv suffer from stress corrosion cracking (STC) s oo l-aids
are presart, Trom ccrrosion fatlgue. In some circumstances, these two ve
3d3itive and £ form rf "stress-corrosicn fatigue’ may be otserved. Ir b T
rernortei as time delayed fajlure of smooth ¢r of notchea sresimens, of a seress
levels telow *he nominal yield strength ci” the allcy. Alternafive:; If nliern & ravic
T s suzh D & are gpresent, measurable cracy rrowth may e © r rie
4 r a stvess Iintensity {(XK) until & pla*eazu valus of 2y owen rate
! a Both tyvres ¢f data are schema:icallv descrived ir Tirure 1

r dicions, simii=2r trends are chserve excert thzt the 32ta whinzh
> e ﬁescribed 35 Stress (8 -r o v=nu~“='s cf cuwoles to fallure
» smooth or notched allevs., ¥er the case of 2crirciled, olserv-
a are ganeraily plotted as cracy yrowth insrerment ter cxole
tress intensityv (JK)(fip. 2). Wnile hallae h reer, shewn =
ack praragation rates (ana decrease time <o fall <
vater, and ever, mcist air have been showrn *to be v s
assisted zracking in several higch strenpth alurmi licve.

Aluainum AZio~v Metallursy

The aluminur allov: wnlch ave most seriously affected by ervircnmental decrzdation
¢ mechaniza. rr-rerties are preciselv *hose ¢f mast ‘nrevezt £y commerclal applicz~icn
2.2, hish n*ren~thL’/low dennlty al 1035 As a class, thev are genera’lr utilized 1r =
frecirication hirdened cnnditlcn ~btalined by approrriate heat *reatment., Ir seneral, th2
rre-iritates a»2 intermetalllic compournds which are formed and distrituted az small r-riicles
br 3 sclutienizine heat treatmernt, fellowed hy a quench to maximin? “he vacagnoy contentra-
tier 2% the zli~r, Arins tomper‘a‘uree and ¢“ime determine *he rate ¢® nucleaticorn and
growth, ani decermine the sire, distribution and morphologyv ~f tre prexipi-ates. The
inlstal G.F. zon=s are ~onsidered tc be ccherent with the matriy and the firal rrexirliztes,
n, main*ain rar*!al coherency with the matrix {111} plare.{(1,2), Aalthoufn 28 many Aar

seven cther matrix/preciritate coherenclies have been reported.’1.2' In *he peak ared c¢c-n~
dition slir ir -cn-idered to be hiehly planar, while in the underaged or overared sonci-
“ion slip 1s generally considered to be more diffuse.

s

Gereral Fatigue Behavior of High T rength /A1 A11nvs

The fatirue resistance of tra pore ecmronlv used £l atlors soohoar U040 (AI-0CR

1975 (Al=5Zn=-2Mg’ 1= considered to be poor when the allcys are tested ¢
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2ondition. The 104 cycle fatigue limit in neutral envircnments I1s ~ ) 2-0.35 of “he -
JTS, and when cracks form, crack propagaticn rates are relatively rapid when compared 4

with ferrous allcys. On smooth specimens iIn the high eycle fatigue regime, or in notched
single 2rystals Iin inert atmospheres at relatively lcow stresses, cracxkxs initlate in the
stage T ’"rys*a¢lograph1c) mode and, as in many other alloy systems, convert L5 z staze
I mode 3% some cr*tical (but as yet undetermined) crack l2nzth (Tor a nominal aprlled
stress below d,,,. “or pre-cracked (fracture mechanics) specimens cracrs are gzsnerally
considered %o £¥ow only in the stage II mode. The specific process by which cracks
Initiate 1s sti1ll somewhat cpen to interpretaticn. Several models “or crack initlatic
crocesses have been proposed and include resolution of ordered precipitates sheared by
the 511p process (3,4) cr, alternatively, disordering of these precipitates thus creating
"soft" region 2long slip planes where stage I crackine initiztes and erows.(5 Hcwever,
1o# avrplied stresses, approaching the endurance limit, evidence =f ﬂrﬁnicitaf- by-pass
21ting In sessile dislocation lzops 1n the matrix of high purity Al-In=Yg 2l1lovs has

n reported.(€) According to this model the sessile locpe ‘°n°“a e dilaticnal stresses
-ss slip plarnes leading %o weak planes for crack initiatic I¢ 1s rossitle that all
the models may be valld depending on combinations of arolied stresses, preciritate
morpnclogles, siip plane crientations etc., and that no simple micro-process can exglain
211 of the observed results.
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Corrosion Fatigue Behavior of High Strength Al Alloys

A. Gaseous Envircnments

Corrosion fatigue of preclpitation hardened Al alloys has teen cbserved in enviren-
ments as innocuous as damp laboratory alr. In generai, this environment has littie or no
affact on crack inltlation processes, but reductinns in the general 3-li. behavior have
Yeen revorted Additicnally, crack propagation experiments indl:zate sitnificant increases
In da/dN for a ziven AX. (7,3)(f1g.3 ) 1In order to otserve a significant effect, water
vapor must be present in tha environment, oxyeen alone having 1lttle cr no effect on elther
fatigue lives or fatigue 2rack propagation rates.(9) In fact, virtually identical crack
nrcoagatlon rates have been observed for a 7075 type aliny in wet argon, wet oxyzen and
wet air,(7) While the presence of some water vapor 1is 1wpo”tan,, increases in water vapcr
concentraticns in air do not 1lncerease crack propagation rates siznificantly when 2 critical
2cneentration of water vapor has been exceeded.(8) he water vapor effect has been linked
%0 a form of hydrocgen embrittlement (9,10), although gaseous hydrogen does not apprecladly
affect fatigue resistance.

Water vapor has also been shown to affect crack paths in single :rvssals of an\Al-Zn—Mg
allov. In iry air for a reak hardened alloy, conventional st2ge I cracking In {111} pl=2nes

was Jsbserved, tut exposure to molst air increased crack propagatlion rates and cracks crew
in {107} plares.(11,12) The effect is ‘requency sensitive and no acpreciable effecs is
chserved at 50 Hz, a’thOuzh a marked effect 1is noted atv 5 Hz.(12) Also, a test starte
53 Hz but switched to 5 Hz alters the crack path out of the slip band] but 3 %est “egan
at £ Hz and switched to S0 Hz does not move the crack path btazk %o the silp band.(fie. 4 )

These results Indicate that the effect 1s time dependent and that the process i3 a bSulk
alloy effect, rather than simply being strictly a surface related effezt. In other ex-
veriments Wel and hls co-workers have convincingly confirmed that the effect 1s in fact
2 bulk =ffect, ou% that the rate limiting step 1s not necessarily diffusion. Rather it
appears Vo be related to a surface reaction of the water vapor cn the aluminum al.oy
fracture surface which releases the damaging specle, presumed to te hydrogen.(10,1i3)

The specific process by which hydrogen emcrittles the alloy under cvcli: deformaticn
conditions 15 st11l 2pen to question and most of the "eclassizal" hydrozen cracking models
have Yeen invoked. These include high internal pressures at voids ar defects in She

alloy (14), surface enersy reduction by the embrittline specie due 5o adsorption (135-17],
effects of s5ilp reversibility (18) and changes in the mechanical cropertilies of he >xide
f11m.(19) The high internal pressure theory suggests that hydrogen preferentiallv 4iffuses
£o regions of hizh hydrostatic stress ahead of a growing cr2ck, precipitates, and increases
the iocal tenszile forzes during the crack advance. Adsorption effests are thecuzh tc lcwer
the surfacze enerecy required to create new crack surfaces, although the energr assnciased
with crack %ip rlasticity 1Is generally icnored. Hydrogen or ~ther surface reackive speciles
may 21so affect surface siip reversibility or alternatively crack tip plasticity resulting

in less crack blunting as the crack surfaces are unloaded.

8. Aqueous Environments

While %he rreviously cil<ed rasults 2 the affaects »f £asesus an7rirsnments
tivelv recent, severe corrosion fatleue ~f Al allovs in 1quenus, narticularlv
7ironmenss has heen recognized for some time. Some ~f the earliér: ~bteeprvaniny d
t“hat, for Al-Zn-ig allnys, €racture surfice anpearanze showed diz*inc* 1ifferenai>- vnen
32line 2nvironments and dry alr wer2 zompared.r 27,21) ~rpes!fi-allv "ductile™ s riationz
‘tyre "A") were obzerved irn drv alr, while "brittle" strilations ‘tyre "B" ware -hiaryad
=2 ﬂ'cur In “he zaline solutlons. Examples ol *hese *wn marrh:iorlas are hawn In !

The “ype "\" ceriaticnc Were ctserved to be non-crvstallasrachit and thrwed extaenst
-hosr, w#h!'le type "E" striations wepe {depntifiad 3s 2zeaprineg ~n or qez2r (130 ria
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It has also been observed that crack propagation rates were <ypically 3-10X more rapoid in
acueous environments when compared to dry air.(10,22) Also it has been reported that,

the more aggressive 1s the solution toward general corrosion of the aluminum allcys, the
lower 1s fatigue resistance when tested in those environments. Thus increasinzg ionic con-
centration, particularly of halides, and both acid and basic soluticns (where corrosicn
rates of aluminum increase) decrease fatigue resistance.(23) lowering the corresive
nature of the solutions by adding inhibitors, such as nitrates, conversely increases the
fatigue resistance.(1l7) However, 1t has been shown that cathodic polarization of the
alloy, (cathedic protection) may actually decrease fatigue resistance in nominally neutral
solutions.(f1g. 6) Anodic polarization, which invariably increases corrosion rates
virtually always results in a degradation in fatigue resistance.(23,24) The general con-
sensus of experiments utilizing polarization as a variable, are that small amounts of
cathodlc polarization slightly increase fatigue resistance but that large amounts »f
rolarization lead to decreases in fatigue resistance. These results are by no means
unequivocal, however. When significant amounts of cathodie polarization are applied. the
evolutlion of hydrogen at the alloy surface results in a shift in the solution pH in the
positive directicn, and basic solutions are known to be corrosive to aluminum allcys.
Addltionally, the aqueous solution in growing cracks is quite different from the bul
solution and, in some cases, may be qulte independent of surface polarization.(25,26)

A recent experimental program in our laboratories has been s“ec"’nally addressed
toward understanding the mechanism of czorrosion fatigue in a 7075 allo; and 1its hizh purity
Al-Zn~Mz-Cu analogue. A summary of the results of this prograr follows.

1Y It nas teen shown that C1~ ion 1s not a prereguisite to induce lowered faticue
resistance in either alloy, particulariy under conditions of cathodic polarizaticn. Sul-
fate i-n, while less damaging under free corrosion ccnditlons, s equally aggressive at©
equlvalent cathodic potentials. In chloride solutions under freely corrciing conditicns,
surface pits dominate the crack nucleatlion event, but fatlgue resistance in sulfate sclu-
?1ons whe§e pitting 1s not observed is equivalent to that observed in distilled water.
(fig. 2,7

2} In distilled water or in sulfate solutions, under free corrosion conditicns, only
ductiles situatlons are observed on the fracture surfaces, versus brittle situations
invariably <bserved in chloride solutions. Under cathodic polarization conditions brittile
situatlions are cbserved on all fracture surfaces.

3) Pre-corrosion experiments in NaCl followed by tests in labcratory air result in
slgnificant decreases ir fatigue resistance. However, thls effect i1s 2t least partiszilv
reversible, Dﬁst exposure heat treatments prior to fatligue testinz increase faticue

resistance with larger Ilncreases observed as heat treatment times are extended.{(7able IJ

4) In acgressive envircnments, the cyclic stress 1s the primary mechanical £

actor
centrelling ¢ne fatigue resistance. The magnitude o mean stress 1s cnly of secondary
importance.({ig. 3) .
5) Carroslorn fatigue resistance of aluminum allocys 1s less sensitive to Mode IIZ
(torsional) loading than to Mcde I (tensicnal) lcading.(fig. 9)
%) Heat treatments which improve SCC resistance, (eg.T72) have 1lit<le or no effect
on corrosion fatigue behavior in Cl1  solutionms.

Specific Yechanisms of Corrosicn Fatigue of Al Alloys

A3 aliready briefly mentioned, there are at least rnre= princiral mechanisms which
have been sucgested to explain the reduction of fatigue 1ives in Al 3lloys exposed %to
aggressive envirsnments.

A. Strain Enhanced Dissolution

Jilder verslons of thls mechanism suggested that straired atﬁm ¢ bonds are more likely
©5 1lead %o atomi: dissolution (corrosion) than are unstrained bends. Refinements %5 thne
mezhaniam include the role »f plastic straln assoclated with 41 slocations intersecting
the free surface of a me%1l or alloy during fatigue, resulting in preferential astack of
amerging slip bands. (27 It has also been suggested that thils preferential attack
accelliaerates further slip processes Iin a kind of autocatalv,‘u process, Z=vidence Tor
such 2 model has been shown for mild steels and for copper allovs under controllei corrcsion

sonditions.(29-37) It has also been shown that if -~orrosion rates are sufficlently low,
fatigue resi{stance is unaffected by the environment. Another version »of the strain
assistad digsoluticn model !s the film rupture theory. According o this mechanisnm
mechanlical rupture of an otherwise protective f1lm leads $o rapid lozalized carrnasion a*
“he f1lm rupture site, leading t2 crack initiatlen in emerginc 31
Lo carrnslon assisted crack mrowth due to the high stress concent
crack <ips,.{24,31~2€)

While ¢« mechanism car ba used te explaln results cbserved T-r =1y
exnosed %n 1 j phase carrnsive solutions, 1t i3 1ifSiculs 2 ralis:z *ie
cant decreas in f*r'zue resistance observed in water vapor sr Iin dezerive
N3t A, Aﬁ1i"‘ralkz. the nbserviatirn thiat tne effea%s nf rre-carrccion are a3t
rartially reversibles throush corventional heat *treaatments 3uccests -hat Shis ~a
may be untenagia avan far jaquerus corrosisn fativaa,  Thui, 2% -=av be 2ensliers
scralin assi{sted dissoluticn processzs cannot adesuately exnlain either erask init

b
)
<

i

»-m

hes
-t
1

oy
wie £

*
toow

3

je

&)

I

]

WD ke
(SR

L B EA]

b .

. P WD

WY I3 v

]
L3 b2 LG




<t id

e

RN

. .‘.‘.

I -

processes or enhanced crack propagation process for these alloys.

»
8. Surface Energy Reductions
According to this theory, speciflc specles which are strongly adsorbed at surfaces
serve to lower the local bond energy and accordingly lead to increases in crack cropaga-
tion rates. Some investigators have also suggzested that reductions in surface energy may
ennance plasticity and cause early crack initiation and propagation.(37) Still other
investigators have suggested that surface energy reductions in growing cracks may reduce
crick tip plasticity and thus induce brittleness.{(17) Problems withaccertance of adsorp-
tion models have generally centered on the large :mount of plastt 3vnergy associaced with b
crack zrowth vs the relatively small amount of surface energy {(~10-:1). Thus even large
changes 1n surface energy should not a precilably affect cracking *endﬂnc es. Alsc, the {
cbservation that 30, icn is at least as damaging as C17 19n under cathcdic changing con- i
ditions would tend go discount a specific gpecies explanation. g
!
C. Hydrogen Assisted Cracking i
]
Th=2 possibility that aluminum alloys may suffer from hydroren embwri<tl
strongly suggested by experiments which showed that, for thin spescimens, al |
vapor caused %otally bdrittle fallures in Al-Zn-Mg allcys.(ju,39) In facs,
Sranular cracks ware abserved by nigh voltage “ransmissiosn elezfron micrascop:
of these alloys with no signs of anodle dissolution or plasticity. Turther ex
indicated thart, after exposure of this alloy to water vapor, voids were cbserv 1
from interacticns with a focused electron beam. Also, f"aﬂ*sre af <hese spesis 1
mass goectrareter was accompanied with the release of :lezrly ldentifiable anmc
Pydrogen.(39) Tensile experiments in an Al-Mg ailoy (5086) charged with <ricl
showed dilsczntinuocus yielding associated with tritium release.(40) I% apgears
then, that Al alloys wnich contaln hydrogen are accordingly embrittled and tha
aprears vo be a dislocation - hydrogen interactions. b

Fropcsed Mechanism of Caorrosion Fatisue of A} 4llecvs

On the basis 5f the results presented ir thils discussion, and on recentlvy obtained
tut yet uncuclished results obtained at Rensselaer, it acpears tha% *hiz latter mechanism,
that <f hydrozen embrittlement, can successfully be app1¢nd to zorreosion fatizu cf hirh
strength alum;zuw allo;s. Table II summarizes some of the relevent arguments wi N osupport
or lack of supoc~% for elther a hydrogen embrittlement process cr an anodic d-sso ution
tracess. rerhaps the most sienificant observaticns are that water vapor alone can rrcduce
increas=2s in crack rrovacatlicn rates, which are equivalent to increases in rates obtained

in distililad H,D alone eor with Na,30, additlons. Also, the partial reversibilisy of
damage when *asted in 3ir after eXpOauro to pre-corrosion is strengly indicative of a
ilssolved specles rather than an adsorbed species which 1s responsible for embrittlement.
Other reriferal observations such as the effects of load mode (llode I or tensizn teing
w7rse than Mode III or torsion) and the absence of mean stress effects permit the presen-
tation >f 3 guailtatl-e model for corrosion fatigue of high strength Al z2lloys. According
to thiz medel hydrogen,dissolved in the alloy, in the process zone at a crack %ir, en-
brittles “hls region and causes 1rncreases in crack prepagatizn rates. The specific rro-

ce33 which thve emtrittlement ocsurs remailns elusive, althouch it may be signiftzant

that alloys which have 3mall, semi-zcherent particles are the most suscertitle <o

fall der2tizn <hat the ncn-coherent precipitate-matrizx Interface at grain beundarles
in 3 inaded srez2imens is “he pre’erred crack path,susgests “hat hydrogen may

ncll esze interfaces *» cause decohesion., Under cvcli2 lozling conditions, the

mebl at1zrs may 22% as short circuit paths o avdrogen o precipitate at Inter-

Tace Arain Iinterinsrs in prefarence to grain Youndary recions. Thus the fracture
vath ad %<2 transaranular, sirce effective d.iffusion rates are enhanced s:tlll move
~han n boundary d4iffusion rates. It may te significant ro note that, for 1llovs
with enulaxed gralns, lcw :yclic stresses and small amounts of cathodie chareins result

in 'w*ﬁr"*ahz ar or2ek initiatien and early propagation even nunder cyclic lcadi“f cond tiars.
3 the :racks 2inon~ate however, tha lncal effentive 34vess increases, 11 110cation densitie
ind ﬂobilit:ez in~rease, ind *he cracxks shift to a **113¢raﬂu7a" ﬂod° {(Tadle IITY The crack
rash 35108 s (112} or {112} rilanes from <he {111} slip planes {!n non-aguenus envirsnments)
#hizh has been repcrted ﬂav 2150 be 31ssoclated with a particular crecipitate/masr?

r
interfacial nlane where H/ﬁrowen cclients, Since 1t has also been shown %hat sulfate 4
{3 23 affeazriva 23 chlirride in reducing fatigue reosistance 1f external sources =f

hrdrsrarn, (cathodi:z chareine) are arplled, the spe~ifis role »f shioride aprears *c te

r2lated tc shem!:al Zdamage of <he otherwise protective fllm allnwine the inzress »>F

hvdirseen %5 “he alisy. In “he absence 5 chemical damase “o “he f!lm, mechanical damare

by 31in intersectinon, {firs% with *he “ree surface fir arick Initlati-n, and sub-

requentlv wish advancine fracsure surfaces, allows hydrogen %o enter the allow, azaln
presumadly ~arried by dlslocatisns., Thus nen-chloride cantalning aauecus nedia ‘water ¥
vapor, distiiled water, 350," zolution, ete.) all behave in 2 zimilar manner. Jdcotrding t
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A

~nly the process zcne at the crack tip need ~ontain hydrogen to cause

erated crack zrcwth. Thus the normally low bulk diffusion rates generally reported

second aspect
morpholagy of strengthening precipitates, Thus alloys such as 1100 Al (commercially cure)

of

yirosern 1n 2luminum alloys need not be rate controiling.

the model 1s the requirement for a specific distridbution zand

would not necessarily be ervpected to be embritiled. Likewise, overaging

or underaging heat treatments which alter precipitate/matrix relationships would be ex-
pected to alter the sensitivity of alloys to corrosion fatigue.

In

sunmary,
to the method by
alloy aprears to
whizh weaken

This would then help
uf mean stress level
nlgh or low pH,

lon

T~

the key to the corroslion fatigue phenomencon in Al alloys may be related
which hydrogen enters the alloy. Since the na%turally formed £ilim on the
exhibit a low permeation to hydrogen, those mechanical cr chemical events
cr damage the film may control the crack initiatlcon/propagation process.

to explain the effects of cyclic stress range and the lack of effect
(mechanical factors) and the effects of such varisbles as chloride
applied potentials or currents, and solution chemistry in general.

Summary

sumrarice, a2 model for ccrrosion fatigue of hlzh streneth Al alleoys 1s proposed
which !s dependent on surface film integrity. Chemizal or ma2chanizal damage to the film,
ailcwins exposure 2f hydrogen to emersing diSlOCdti“n; (s1%p rvlanes) which effectivelr
"rump"” hvdrogzen into the crack process zone, It is further susges<ted that the hvdrogen
53 at orecipitate matrix interfaces and, through scme stil1l unknoawn sgpecific
gm, =2315es separatlion »f the Interfaces. The model i3 an extension cof previous
rroposed Tor stress corrosion cracking of these alloys, except “hat the z2yclic
50 *the dlslacation moticn crea%tes 3 preferentially nizh diff:isicn ra2ch Into the
znone rather than into the nermal high diffusity zone 5f srain boundaries,.
References
. 3taley: et. Eng. Suarterily, 1976, vol. 16, p. 52.
Z, Lyman and J.B., VanderSande: Met, Trans,, 1976, vol. 7A, p. 1211.
J.Z. Forsyth, Acta Met., 1963, 11, 702

T.A. 3tuobington and ?.J.E. Forsyth, J. Inst. Metals, 1961, 20, 374.

and Laird, Z., The cyclic stress-strain response

Zonf

metals an? alloys,
stress-strain

on_Fracture, Munich, 19732, Vol. 7,

«t
o
)
s

a

]
lons, I

II.

<wo-phase 21loys, I. Wicrostructures conta*ninr par

Cy

penatrable by

s
Particles not penetrable by dislocations, Mater, Sci. Zng., 13,

. R. Swann, Acta Met., 1976, 24, 24i.

. of Fract, Mech., 1965, vol. 1, p. 167,

“raze, Mach., 1970, vol, 1, p. 533.

R.P. Wel: Int.

i

e

< et

W,

],

~

s

v

2
-

).

cholson: J, Inst. of Metals, 190, wvel. 29, p. 183,

2f Frazt. Mezh., 1968, vol. 4, p. 139.

Jag2acswararao

G.

liazeswararao and

Staehle

dudax and 3.P

Kralik and V., Gerold: 2. Metalllk, 1975, vol. 66, p. 473,
V. Gerold: Met. Trans., 1274, vol. 7A, p. 1847,

Wel: Corrnslon Tatigue ed. 3. Cevereux, A.J. McEvily and

1971, p. u33, TACE, Houston,

Zapffa and C.

.1, Pelloux:

. St~19z 3nd RV M

Fracture 1363, on, 2it,, p, 731,

51

Tellines and R.M

ms, Trans, Mot, Soe. AIME, (1541), 148, 22°%,

Palious: ~es. Trans,, 1072, vnl. 3, pn, 252%.
Pelloux: Yet., Trans., 1972, wvecl., 2, n. 2433,




et

1a) (WS}
F=4 Lad

w
[S1

39.
40,

Dr.

C.A. Stubtington, Metallurgia, 1963, vol. 65, p. 109.

?,J.E. Forsyth: Acta Met., 1963, vol. 11, p. 703.

R.T. Wei and J.D. Lanaes: Int. J. of Fract. Mech., 1959, vol., 5, p.69.

R.J. Jacko, Ph.D. Thesis, Rensselaer Polytechnic Institute, (1978).
F.P. Ford: Ph.D. Thesis, Cambridge University, 1973.

B.F. grown, C.T. FuJii and E.P., Dahberg: J. Electrochem. Soc., 1669, vol. 116,
p. 218.

A.J. Sedricks, J.A.S. Green anéd D.L. Novak: Localized Corrosion, op cit., p. 5€9.

D. Whitwham and U.R. Evans: J. Iron and Steel Inst., 1950, vol. 165, p. 72.

D.J. Duquette and H.H. Uhllg, Trans. ASM, (1968), 61, 445,
D.J. Dugquette and H.H. Uhllg, Trans. ASM, (1969), 6z, 3829.
H.N. Eahn and D.J. Duquette, Acta Met., (1978), 25, 279.
K. Laute: Oberflichentech, 1933, vol. 10, p. 2851.

<3

yle, V. Rcllines and D. Howard: Corrosion Fatigue: <Chemistry, Mechanics and

P
Micrestructure, op. cit., p. 312.

1

<4

Patel, 7. Pyle and V. Rollins: Met. Sei., 1977, vol. 11, p. 185.

O

. Patel, T. Pyle and V. Rollins: Nature, 1977, vol. 246, p. 317.

y

Pyle, V. Rollins and D. Howard: J. Zlectrochem. Scc., 1975, wvol. 122, p. 1ilus,

e,
N

<Y

o

Cambridge, 1973, paper 95.

-
Py

S.2. Lynch: 1n YMechanisms of Environment Sensitive Cracking of Yaterizls, 1377
p. 201, The Metals Socclety, London.

3.4, Scamzns and C.D.S. Tuck: Second Int. Ccnw, on Hydrozen in Metals, Paris,
pzper 4All,

L. Yontgraln and P.R. Swann: Hydrogen 1in lletals, op. cit., p. 575.

J.A. Donovan: Met. Trans., 1976, vol. 7A, p. 1677.

Acknowledgement

The suprort of the U.S. Office of Naval Research and the continued enccuragement
P.A. Clarkin are gratefully acknowledged.

Ferd and T,P. Hear: Proc. of 3rd Int. Conf., on Strangthening -f Metals and
S’

1277,

hi




TABLE I

The Effect of a Re-Heat Treatment Duration on Subsequent Fatigue
. Properties in Ailr

Pre-Corrosion: 24 hours in aerated 0.5 NaCl

) - Re-heat treat: Solutionizg at “YOOC for x hours
' Age at 121°C for 24 hours

Fatigue 1n air: Mean stress 276 MPa, Cyclic 3tress + 96 ¥Pa

N Time at 470°C Ne !
', 0 hours 30,900 =ycles 3
' % 2 hours 85,000 cyzles .
;,: € hours 101,200 e¢ycles
;~ 24 hours > 13,000,000 crcles

‘ k)
' TABLE II :
.
Y Effact of Cyclie Lecad on the Fracture

Morghology of Al-5.5Zn-Z.5Mg~1.5Cu

in¢g.5M NaCfl Polarized to -1.75V vs. SCE

1
’ ]
1

Cyclic 3tress M.‘-‘/m2 % Intergranular Fallure
at o = 207 MN/me ;
76 o]
69 0
! 55 2
41 10
28 28

i 17 35
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A Summary of Experimental Observatlions cn the Mezhanisms

Zxperimental Cbservation

3ensitlvity to water in both the
23quld and vapeor form.

Track gath shift reported from {111}
<5 {190} in ager essivn solutions.
Sensitivity £o Anisn Tvpre and
Toncenzyratlon,

Jecreased faticzus resistance in
toth acld and tasic Ha;SOu.
Cecreased Tztigus resistance

wl%h cathaodic polariza=ion in NaCl.

w1ith

Jirilarity besween rctential
derendence Tor fatizue and
ardrogen permeation in NaCl.

atigue In deaerated solutions.

“re-exnosure effect and the
;artial reversibility upon re-
heat traatment.

Ingensitiviysy sf fatizue llves
to mean 3tress in agTressive
anvironments.

Insenslitivicy to agpressive
environments under “lcde III loading
sompared to Mode I 1cading.

TABLE

—
-
(=)

-7 Jorrasion Fatizue
of A1 Alloys
Hydrogen Embrittlement Inhane24 Antdie Dissnlation
Strong support for H.E. Watar vavor shouli have no
AP P Ak g rass l—-vot"illed
T

Consistent with 2nvirsn-
mentally induced clea-
vage.

Affects the vassivaticn rate and oxide film stabllicy
which control toth mechanisms.

Consistent if m

odifiza Zupporni tezzus2 Loth rave
tions in the cxide are the ~xlde lesz stabtle and make
more important than H* disselation easlier
concentration of bulk :
solution. .
Supportivs, alegher sur- Zome suppor%, 72n bte axplalned
face hydrogen concentra- ¢y chances In oxide Tilm.
tion.
Conslistent with the im- Sugrartive, increasing 4lssc-
protective nature oFf lutisn rate increases rate of
oxide and higher H* zrackine.
activity.
Parallel tehavior as in Seme= supcort due %o less
Nall because there i3 protective cxide Tiim,

lncreased hvdrogen in
both solutlons.

Strong support.

Consistent with easier Can t o]
H entry. changes in

Unamblguous support for Cannct te explained.

Consistent with 2dea of Consistent with mechanism

H transport by mobile tecause the cycllc stress

dislocation which are eontrols the silp step area

produced by cyvclic stress exposed.

component.

Zupportive, there is no et supportive unless effeck

hydrostatic strass :om=- 15 due %o the lIrnabilisv of the

ponent in “cde III -2 saluticn to ot tc the ocrack

concentrate H in the tip remion. This !5 consi-

crack tip region. jered unlikel / in *he
dynamic fatigue “esting.

ik ma s e s s
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Flzure 2. The eff2ct of loading rmode on fatizue resistance of 7975-T€ in 0.5 @ I2Cl
snlution. These data show that lcading in shear has 1ittle effect <n corrosicn Tatligue
3usceptibllity when compared with tenslle loadine. The slisht decrease in resistan:e
' wnlah 13 observed in Mode III loadinz can probably be explained by “he non-isctrcplc
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