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snows one fa::~z’o~ :enav ior of the a ... oy :n air , i::~~~e±
:~a~-3O ani ~~ . ~:r ::~~~:. en: sno’— o :na: , ~xoe p: a: re..a:~~;ei:r ..o~ app e: o: resses ,

ri-~O eni .a300: sQ.~ .::ons sr.ow a rOX:~ a:ej / one sane fa:i~ ’oe o~ na-:ior. ; os . ra  00

::ac: s~~~o:ior. iurirg or : .. :o s:resson~z , on one o r.er :ani, reso~.:s :er;’ inferior
fa:i~ ue res is:anoe ~::n onoe :3 :yc e fa:i ~ ’oe ~~~~ oco r  :or.ain€ 0: a: app iei o;ro io
s:ress of  ~~~~ abco-~~3 5 : ~~a. ~ ~~~:i~ oad~~ g :es: :;ac: , a: an :~.:.e~ ~:res: of

- 
~~~~~~ o ’ - .~~~ :a~~~~ c.__ -

~~~:~~~_ - -  = —

oy ies i s~ cwed nc ~7~ ience :.:‘ orao~ in~ for a :erooi ;rea:er ::oa: : 3  nooro .

Figur e 2 s~’.ov: the 3—: ; benoar icr fo r one a~ 2.oy in a neu:ra so1~::on an~ a:
2 ani .2 inere the .o :era~~. oorros:oni ra:es are a~troxi:a:e y eo~ua. ‘abo~:

The ~a:a of  ::~~. 2 sn:w ona: :nere is no: a i:reoo oorre:a:ion of
oena’T:or w:on ,era~~.. :orrosion ra:e, :.E 2 so.o:iono reio~oin~ one oyo?. e fa::~~ e

a r~L-oe of  aoc.~: .3 •~~a. thona : .- , there is a ~i:er~ ence of one oa :a a:
:i ~ ner ao:Lie: s: resse~ ~i:n one o~ : 3 .2  so o:io n o~s:n~ Lo~~~er

s o . - 0 : o n  sno~ s an a_ :os: :or.s:a::: :erce::a~ e :ecrease :n :a::.z-:’~

rei o ::on :.n fa::~ ’:e res :s:ance of ni~ n sorengon a~.~n:n~m a.. .oys ~ao ~s o c c ~~a:s:
0:: se_ec::~ie o r r s on

r~~~.L:s ‘Lao s~~~zes:  a ~~iro~~en raco -n O 2
in .ov~r fao ir~e re5:s:ance . :n :rier 00 ocs: :n:o o:n~ si s ,

—ere :ener::e~ for s:eo:nens ~~oion were :ai::ainei a: a c:~~n o i a  of
one 3a:orate1 ca_ one_ ~~~c O r o o s  aoc~: ~~~~~ - ‘r :a:no::o 00 o ne oorros:or.  ;o~ eno:a_
The oa:ncd.±.: :oorer.: ier~:i: ~: e0 :o .o p-o :eri:ia1. oorr~ spcnthei . :a ’or~
~~~~~ be exteo:ed. 03 ~roi’oce :3— ’ :c ecuies 02,’ or. ec . ass~~~:n~ tha: one reas-or e
o-~rrer .: is onLy osei zenera:e .

~~~~~~
. P~~~ore 3 -o~ s the:, a: hi~ n a;tl:e:

s :resses oa:n’o d~ : tharn~:n2 resulOs on an increase in fa:i~~oe res isoance ,

~~~~~~~~ a oa..- :- a-~~..-’ r ~~~~ .. ~._ t h  - - o - -
- -

‘O

pcoen ::els o cser  0: one :orros ion rooeni:ia ~oes no: arPre-o:ath: aff~ o:
resoatasoce , eltncu~ ’. :ba~~ ioo~ a: i: ~ ner pc:en:ia s Less ny±r:~ en er o :ei :es.1:s in
sc:e :athcd~: protec:~ :c , a ~~~~~~~ ~: ;rc:ec:i:n bei:~ obser:- ei a: — 0 0  rs .  :ne
sa:~ ra:ei c a.1.oroei eiec:rc~ e. Ano~.i: ~o..ar~ :a:i:z res .:s ir. a ...ar~ er reth~c:i:n in
fa:i~-ce res:~ o a:oe ~~~~~ .

~~
- The a ±.iioion of a ~y~ rc~ er. a::: recc:bina::on :c:sor.

SOil-i: thlorile 3o:OOi:r. a.sc res~l:s in a s:a..J.. r~ o ..o:i::
:‘a:i~ ’oe resosoance ~~~~

atno~~i: ohar~ in~ of o ne a Loy exc csed o c  ne’i: ra .~~~~~ :ao5: resL:s in a
.arge re’r.oo:ior. on :‘a:i,~ue resis oance on a s onthar ::anner 0: oa:noiio ::arzi::c in
:;ac: so_ c: :on 2’i~~. . A: st resses in one ;io:ni:: of one :yo e fa:oc~oe ioo O .
oa:nodoc thar~ in~ in silfa:e res~~~:s in ’:ir a . y  one ss~ e fa::~ oe res :s:anoe as
observed in oni:ri~~es. A: ni~~ier sores ses , ~cwever , ~‘i fa:-~~ are 3Lo ~~ 0 L:  ess
a~~ ressive nan :~o . .:ri~ es.

:~ a::.: ~~o: oo exrerio en:s on 0cc a~~ oy in. obe 3: :on±ioio: , a
ni:ber of exper inenos vere ocniiooed on specinens on the :ono:.:ion, a
:en: inlon ~~~ been sncvo be tore re sisoan: 00 sor ess oo r ros io :  :rao~~on.~~. :~of  onese cx~ erirer~:s d o n  an ex peooed 3 ..i~ n: iecreas e :n fao:z -c e ne o c o - s n o s  in
a:r (

~~ and L 2  are .cwer for 3 than oney are for One oca: 00 ea::erO
aera:ei 2 . 2 2 .  lad sc i-otion , nowever , :nen-e is no ~r-orec iab:c ± if fe renoe in fao ioo e
:‘eS istanoc.

Fatl~~se resulos fo r one ;:i ~ n Puri:y mna .oiO’ie a o:.- os = en- a~~.:: o ne s ane
or~r.is as are oose r ~ e-± in o ne :orneroial -~ .1oy ex oc:: on:: , a: pc:~ no ie. :f

33 2 fa:i;ue re s o s o a r . o e  is ap:ro: na:e : 0e sar e .n. :othi:l:no of
I d~~~’~~~~__ ’ ~ “ — .. — 0 ~~ . ~~

..
in :‘e:i:oe res :ooanoe  • th. . a:: :cooo :~ rr=~ o ienso:y ~. . a: — : 3 ? :

~

——

~

- --- . ——-- . - .



--  — —
~~~~~~~ J,..l.. ~~~~~~~~~~~~~~~ :.T~ 2.. --

CATHODIC CHA.~GIN G ON FATI3~JE OF AL2I NtJM ALLOY.

2vs. SCE is 3. 0~ nA, -c~~ and at — 2.75 :v vs. SCE is ~~~ o~ . These values nay be
contared wo th I., = 3.7  ~~~‘o:2 a: — :300 ~v vS. SCE for the ocr.nero ial ellcv . Iced
vs. ti~ e curves for one :::Tar2~ en onarged hi~ n ouri:y analogue in one T~ cc:d: ::on are
shown in Fig. and indicate a si~ nifioano ano-ono of s t ress ralaxa:ion. 3~~:se-o .eno
reloading resu .ted in bri:tle failure at a oai Lower one: one yield :oono .
analysis of ohos s:eciner. indicated oha: one fail-ore was oo:aLlv inoer~ ran’:.lar. :n
order to assess the role of hydrogen or. failure of thos aluoy, :enslue oes o o were
:er:’orted on spec inens in the as—recei ved condi000n - hot roluci a: -c2. C an: aged a:
rco: :e~~ erature~~. Figure 10 shows loath’:i:e ta:a in air and s~oows a s:re~ s re .axa—
:~ or. :henc:er.on and a signif ican: ..ower yield pci : f o l u o u e d  b~r sc:e serra ::on of  on e
s:ress—s:rain curve prior :o fai lu re. The res u : of a :ensilu ocs: ex:eroroe:: for
th e hydrogen onarged alLoy is sr.own in Fig. 2.1. A s:ress reiaxa:ion ~neno:enor. os
obser’red after initia l yie1iir.~ ; however , :r.e extent of stress relaxation is Less
:ror .cunced and , oc r . tra~~r :c the cas e for a:r where stress relation ices no: reacn.
steady state in a 2L hour period, stress relation under charging conditions reacnes
soesdy state after on3.y a few zinu:es . ~J:cn re oadong , signifioa:: serra:ion of
luad anpiL:ude curve occurs . Thos experineno : was s:o::e-i for a 20 :on’ite :er:o:
after the repeated Load fL-oc:ua:ion :erioi ocased , and aluowed. to s :ress rala:c
in one iniO ia.L Loading sioua:ion , s:ress re axa:ion ra:od y reaon.ei s:eaav ooa:e.

rensoaro:n~z one exoerio er.: exoens ive :.oad f:.’oc o _ a o ior.s w e re o bserve:  wn i on .
.sora:nin.g ‘on:oL fao :. ore :ooorrei , aca in. on

The res.oL:s of this s:uiy s~ cw the: ~yd.rcgen, e:o:er :roiuoei by oa :hoiio
- o ” - ~s_ ~eac _

~ — z ~~s ‘~~e —
- 

—~~~= ~s _ _ ~ — —- — — -

analogue . Addi:ior.aluv, i: has been sn.cw n :nat , under oc n i i ooon s  of free
oor rcs ion, one anionic species j~ in:cr:an: :o One fa:: ’oe process ,
siderably to re danagin g onar. SCj~~ of :he sane ionic concer.:ra:ior.. The a: thioaooo r.
of :a:ncdic curre::s in aitner or 3OI~~ so lution on the other .oar.d. resul:s in a
s:n:lar reduc:ic: in fa:lgue resistance , part o cularly at a::iied s:resses in one

of One 10 oycle fatigue u nit. nas also been snown the: a oa:c-o-:. io
Poison . As~ reduces fatigue resistance in . solutions and. or.a: aood co .-onoo ns are
tore tanagong than basic sol-o:ion of one sane aggressiveness as :easure-i overall
:orrosocn rate) .

:t is ir.:eres:i:g to note :ha: , ~n s~~~fa:e , ex:er:al .y generated ::y:ro~~en
(in contras t tO :2 generated from an intrinsic ocrrcsion reaction ’ resul:o on alnoso
the sane fatigue resisoasoce as os obser’red in 0 .  sclu:oons . At re .a:ove2., n:;n
stress Le’relu, :athcdio onargin~ in the su2.fa:e scLu:ion snows a sligno s oter:. or
fa:igue resis:anoe wr,:le at s:resses near ode 2.0 :yc e faoioue Li::.: fa:igoe
anoe is vir:ualuy ~tenticg2.. Since is ~:r.owr~ O0 a:oaoo  one :r o o so o iv e
on ..L alluyo in neu:ral e:vir:r. en:s , io is Li.<e .y :da: , a: ni2n stresses one
ianage a~~~~ s , e~ -~~— access 

_
e j~~~~g~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~;ro:aza:ocr. rites are slow so that there is ?~ t .e  O oze for the hydrogen oc
into ode surface of the  alloy and to the :ip of a snaIl growing cracx w::no- :.o neces—
si a:ing filn tanage by 02. . This dy’oo:nesis is further sup~orted by One obser’:a:i;n
that oatncdic oha rging at high stresses in one 3~~~ so lution toes no: a f fe  r: fa: i rue
resistance (relative oc free corrosion in S0~~~

’ , :r:bab y occa use one orao~ :r:: a~ a—
00cr. rate os 3u:focoen: y arge oc preveno an ecuoya...er.: no oc r.oer.ora :o:n on o ne
ricinooy of a growing :rac.~ o:.:. n o nlordt e sc lu:o o n s , or. One ° :n.er can:. .:ere L2
a s l i zd :  in:rcvezer.: of fatigue resisoanoe a: high s:resses ant a reouo :ior. t o :wer
st resses . Since I: is belIeved that , while free corrosion is ooourrin~~, nv:ro;e:
evolved in One vicinity of preferentially corroded :000 and in a gr:win~ c rao~o
ode increased resistance at high stresses r.ay be tue oo a re:uo:ior. in 3: in a
ing crack tue oc some anodic :clari:aoion of ode orev ioc or eaoed by one
crack. A: Low stresses , cr a c~ ini:ia:icn and ear .y :ro :azaoior. ire One .ono:ong ra :~
facto rs end excess nydrcgen produced by cat

1
nc:l~~~ 7luro:arior. serves -o snoro en

one tine recuired for these processes . .  

~~~--*----— -~~~~~~_---- ~~~~~~~ ------- ~~~~~~~~~~~~~~ -~~ -—-



CATHODIC CHARG::IG ON FATCOUE OF ALL~1CI04 AL .OY.

Ct is interesting, although probably nc: sur:r:sing , to ncoe onat One T~ 2
heat orea::ent does not inProve cor rosoon :‘a:igue rezos:ar.ce in 22. res oso an c e .
Since one T 3  heat oreatnent dt developed oo provide mnoer ~ ran-alar 300 n- es030a no e o•r
al:er:ng grain boundary area structures , wr.Ile ode :orrosior. faoogue :r:oess is
ora:szranu.lar, no beneficial effect sr.ould be extecoe’d .

has been suggested that aluminum alloys snculd :ot be ex:eooeo oo b e
su~ oe:o ibLe 00 :yd.ro~ en enbrj o:le:ent because of One :.ov iiffusovit r of :ytro~~en in

~~uz:num. nowewer , one ef fect  of nyorogen on :aoo oue :enav:or of a_ -~~:n’oz a__ oys
ices no : te:en-i s:r:nthy on :ulx iiff .os:w :oy of  hydro~ en ouo only re- :’oo res on::
nyoroger . be present on one vicinity of ode g rowin g crack , i.e., in on e plus::.: cone.

onis rez:o: fresh :e:ai Is ccr.s:antly being ex;csed 00 0::eenv:ron en:. Addoolo n—
ally, tislocaooor .s associated with the :lus:o: zone nay act as high iiff-osivi:y :a:n:
for hydrogen, Onus locally increasing one hydrogen concentration :2.1,12;. A: rapid
or:c~ :r-o :agatior. rates :r.e orac~ woulu be ex pecoci o o grow nore rarooly :nan. a
‘ orioioal” ~.es yet undefined, oor.cer.:raooon of ny:r:cer. can be teweLo:ed. in one
w : o :n o oy  o: one crac.~ oo: , ann one fracture our: ace a::earanoe w:_... :eseno :..e the:
o:se:”e-i on aor. .~n aidiooor .al facoor os ons: i: nao oce n sncwz ode: oa:no-i i:

of one —coal or allow in one oefe:: L2 .. ::~-_~ less ::y:ro~ en wculo o s  ava : . lao_ e f o r
~noroOoluroenoo as one crac.~ occoroes Longer . Thos su~ re s : i on  -av  ex:lain one
o:s:zr :ecreacong :oOenoo~~ s CC _0W sone orooo:a _ w a_ e , s onc e  :.:e : n : o . :Oo : n  0:

-oyiro~ er. a: one surface wculu no: ~reatly aff-s -:: ocodi: oons in one crack to Ic: ;

alono-ogh :o nay be asscc iaoed.  wi:.: a re~uc:ior. in :.a:oi000y a: ode cram of: : - . a
o:orell ao:cs:here :nencrcenon. This suggestion is ou::or:ed. by o ne o e ns: le  o e o o

exoer inents •dr.:on showed serrated soreso— sorain cena’:oor , no re ra::± s :res s relax a—
tion and a reduo:icn in stress reLaxa:ocn so oonsoano strain an:li:ude.
r.ydroge: associated. woo:. t:.slccat :or.o prevents tne oolla:se of s:ressei ::slo:ao omno
wnen the strain is held oonsoan: . A d~ io:onalLw , Ode serrated wielding intocates a
s o r: nz 000_ -ocat o -o n e “ pres- .otac y ny_ r:gen 0 noe rac:oon .  o o s  :us
ont o :colue tos lcoat ions sweep nyiro;en into the :.as:i: oone anea: of a ;row:.n:
crac~ where it oer.ds :o ectbrit: e the alloy in a still ino ;eoofiet tanner. on~
verse ly, hydrogen assccia: ed. wion dislocations apPear s to i::ede :heor :o:oon , onus

effectively reducing ode ;la~tooity of one crack tip region. The ‘or :::Le inoe roran—
alar faiL-ore of the nigh Purity alloy in ode T~ :or.-ii000n . wno le no: a or
of o nto study , lends strong cuppor: :c ode su;gestion tha: stress :orroo:on
of ohese high strength Al alloys nay :e Foe oc .:yiroccr. smohni:olenen:

~~~ 7 1CL S 0NS

• :~~~:~ al sul:hate oclu: ior .s under f ree  ocr r o s  oon non: i:o :ns a f feco  00 rrrs o or. : a—
:igue of 005 Al alloys oc a::rox::a:eLy ode sane t eg ree as :ic :illed.
solutIons lower fatigue resisoance when :cnpared :c Laoc raooo ~r air. ::eooral oc lo rooc
so lutions are considerably tore aggressive under free :crr:sior. ccr.too:.on:.

2. 000rcsi - o r. fat i~’ce benavtor of ~ 3T 5 Al 100 iirec: y oou:lei 00 genera l ::rr:—
sion ra:e, acid solutions reducong fs:igue resisoance lo re on a n  has:: soluooonc of
ode same ocrrcsivi:y.

2. a:nodio onarp ing of Al or of a ::ign puriow analogue alloy resulos on a
dramatic recooc:ion in fa:Ig’oe 0es.soance on cooner sulfaoe or o.-lor :ie sol’.~:oon.s

— . There is no ~nnerent advanoage t o  Ode ~~2 O sroper fon re~~:o anoe to
for snccon surface-o specone ns .

_ er.s :_e ex :er :ner.os su::oro a ::y:r:gen oooth :ao : :n  in:-srao:i:n oo oe _ w oo ::
00 :tar: o:e :o:ion of ti:’..ocati :r.o. 

— - -— — -~~- -~~~-- ~
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CATH3210 ~~ 3INC ON FAT O:E OF Al2.MI11L:~ ALluY.

The resilos of this fnvesoiga:ion s .~~ges : :na: t os s olv ed nyiroger. need only
interac: wi:n One surface at nasoeno oracks an- in one :ias:oc zone of growon; ortoxo ,
union accounts for ode e:or:::leneno ef fe - oo  in oyo l ic  te fc~~ a:f~ r. ex :er:nenos w o i o :  00
not oo se rved on onocon.  s -orfaceo , s ocoic  deforn::ion ex p e r one no s .
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The autnors woolt Loke to ac~ ncwled.ge one sup :or: of one 0.3. 2 ff0 of
yaval ~esearon under contract ~ :::ooL:.~~~~ :_ :o~6 .
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