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INTRODUOTIOI 

Among many 1ndu'strial alloys, stainless steels 

tind exceptionally. br~ad applloatiorut T~.s •. :r~,e 
f ' ' " , 

hou~ebold,hardwax-eto heavy lnd~ul~ry components. 

ltoweyer, there are many problc*msst111 unsolved which 

r.strict further US$S tbe&emat~erl~.ls,. , l,n o~er to 

than to develop new all01s, mUGh at,tention been 

glvento tbeir metallurgical and co~:rosion, 

characteristics. , 

One of problems 're.tricts r~h.r' 

app11cationsis stre$s corrosion. This \ypeot ' 

eor~os1VEf attaek involves the combinaa effect 

stress, eithersta:tioor; .dynamic. 

environmental conditions. 

Stress corrosion orackina dttined as 

rr([)S:l.an which leads combined action o1~$tres$ and 

• (1) Stress 

corrQsioncraeldng to occur in a.ll 

eonventional austenitic stainless .tetls. The 

principal variables 

the all01 •• 

Other factors in stress •• rrosion era eking are 



variables probably 

oraeke 1 the rate of Ui""IiIf..UA propalation,"and 

otcracks ,form" •. 

The pa.th· Y!iIi4.1il",'i.Nhli. by a stress eorrosion 6Pliu,ur is 

detend.ned mainl,by stressdistrlbut!otl 'near 

&dyanolng ea.(2) The type 
, . , 

conei$" t)t an lntergranular, trarUJINUlar, or 

1n't.rgraaUlar.-transgranular path. 'Intergranu].ar 

Ira,king b$ avoid.dby annealing, 

followed by rapid quenohing, since " austenitic 

uns'ablewhen 

'Geu]rrDeral~Uil"e range where 'larb1de 

precip1tationoccura., Transgrallular'craoklng can~ 

be elimin,a.tedorreduce4 by stress relief annea11nt& 

by limiting Ji;lU.Jr.. ... ,Jgi\A; stress, slnceresld.ual 

or a'combination of 

malnly responsible 

QJJia.:t"~i~J.A£ stresses 

failure. 

IDgeneral, as residual.treas or- the 

~treas 1ncr.,u.le., greater. 1s 'the 

acceleration the 
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tneresult of an ~nternal or ~esldu.41 ItreS$ rat»her 

, an .&'1'1'e« operat;~n, str'$~. the:r~tor~, 1n order 

to redl1l.0r-removeth:la 'suaceptlb:ll1ty, tbestress 

l*$ll~~t~at.m~nt' be done ,1)1' u,s1nl ,_ 

"ime 

.1.1l~fta1i1ng residual in 

capable oE 

:abscu'loGot . 

8ubsequent.ly applied. stress of luftlcientmaanltude 

\0 ·cauafl datllQle.(;) 

cracking in a corrosive anv:1ronment or bo11in, 

solution of' magn.slum chloride,. 

The'experimental procedu.re and the· method of 

.yalua:tlon otsllsoep1;1b111't1 l$basederl tbe method 
. (4) 

already been described 101(e10 



It ls' 'awellltDown ,.tress ~orros1on 

oiau.s'tertlt:lc stainless 'steel is 'identlfledb;y 

_~J..J!"",",£.t. usually toll ow in, .branehilll 

or atar1i at S'ol11$other stres$'raising' ncrteh9 'Onthe 

microseopic $eale:the eracksare'mos'tlytran.,ranular. 

Illt~raranu.lar cracking usual.ly results to. ~t$r1al 

susoep",1ble to lntergranular attack ea-used 

carbide precipita.tion. 

in ,mosteommerclal austenitic 'sta.:tnle$88".~l$ whe,Q 

they are exposeatoconcentrattdaqueotfs .magn~lel.um 

the principal factorswhicn' detenuinethe 1ni.tlation 

at,re$$corrosiQft cracks' inau$ten1tlc 

'liiIJW~4"".!\i"fiiiI"iii1 steele are stre$s. environment, t~e 

eXlp('u5UJ~. and internalst:r.ueturcl ot the alloy •• 

lat1;er not wel1.1Uld.er,tooQ.t but probably ,'i5:,ot 

ofstruc'urald~seontinuS:~1e.:. 

proposed to account tor stress corrosion ia 



austenitic s'la,inle8s atetls" bu:t no one theory explall).8 

all known observable the • 

When work 18 on a metal Qr alloy, & 

portion dissipate41n heat. How.".r. a 

significant amount of this 1$ etore4 up by the 

metal latent. energy. or res1d.ualst-ress lJV"""'''',,''lii!!'4A raisea 

developed. 

metal by weldin,_ QluJting. heat treatment, 

forming. machining. grinding, plating. ete. U) 

H1nes and Hoar(6) ob$erved austerdt1c 

sta1nleu,1. s'eel with residua.l stresse. trom quenching 

exposed-to certain environments. 

s'a1n~ttss steele, but not in all other 

resistance to crack 

in nava.l bra.ss, 

produ,. stress 

produce 

corrosion cracking in austenitiQ ata1nlctBs 
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s'Geel, but tl\e results have beenlnconclusive. Frank', 

Binder", ud BroWD ( 9) IOMa ox-fierot 11 $ld s treng'th 

tl;1~e,holdstl'$$&., U.N00.4 (7) ,agreed, tbis and 

mentioned that stresses approximately equal to the, 

strength are required to cause stiress corrosion 

mainly upon the physical nature 

as telnperature, tbe anion in. the environment, 

previous history of the, .. 

It is a well tact that the strees 81io~ed 

inluetal11c material can removed or reduced by the 

treatmen' using a combination 

be 

applied the purpose of avoiding stress corrosion 

oracking 'the absence of subsequent applied stress. 

H1nes Hoar(lO)obaerved that a reduction lnterllal 

stress or applied stress delay. t;h,e onacrb ot era~k1ni, 

but not prewtl't,lt 1nder1n:tte11~ . H.ele, 

L1ttle(11) observed that the application ot heat. 
i' 

at $80°0(1616°,) tor one to two nOUN 

efficiently restored 



m.aln. . of applied or 

distribution. of 
corrosion. reaction, .1n the stainlessateel, been 

.. .... (7) 
by Harwood . as foll&w.: 

m.talli.c system 

el.CJctrQchemioal· 

of corrosion.. 

3. 

of metal system 

p.re cipltat ion , .'.0. 

of 'the 

of 

rate 

protaOt1ng phase transformation, 

6. Ac.eelerates the rate of corrosion by purely 



Almost all grades 

susceptible streeseorrosion in 

chloride solu.tlons,r.gard~,s8of whether they 

or previously beat treated 

attatk.fhe ehlortd.es in which cracking has been 

experienced are magnesium-. sodium-. lithium-,Bickel-; 

cale1mn-, tln.ch1Qr1des·~ Edeleantt(12) 

noted all not the 

80me factors in envi;ronment wbich will 

the "" ....... """011.""'4.1. and Drcn)Q,.e:a.l~1Cltn of crack .. 

Eckel "'''''''..I.;'''~f!u( 13) observed t.hat bo,h 

oxygen 

(torresion cracking to occur at 

solution 1s wtable to attack the .teel it the ehlo,rlde 

ion concentration extremely low. while high 

not affect, corrosion erack1nl it 

oxygen content is very small. These observation.» 

however, apply only chloride solutions contu.ing 



(8) 
nQt.i~.abl. ·~h.at~ as HarwGod pointed oU":J f!Jxyc.n . 

must, be present in sod'tum chloride solution fOJ?stress 

corrosloneraok~ng to occur, but it 11lay not be a 

requisite forcrack1ng .in coneentratedmagnee1W1 

ehlorltie solution. 

Highaeid1ty of magnesium chloride solu.tions 

is favorable 'tostrel8 corrosion ot au,.tenitie stainless 

,1;e$18. 'fhe addition of hydroohloriC acid to! boiling 
) '" 

me,gne.ium chloride sOlutlo.n decreasel 't,'he time to 
el) '. . '. . .' '.' .'. fa11ure, whereas making tbe solution alkaline with 

sodium hydroxide increases tAe time to cracking. 

However, lowering the initial pH of th.e corrosive 

lled1wn apparently has no effect on th.stress 

corrosion behaVior of austenitic stainless steel 

in a sod1wn chloride environment. (13)· 

tfhe temperature and the concentration ot the. 
., , . 

eorros1ve$olut1on'alsQ affect the su.sceptibility to 

stress cQrrosion eracking. Kirk, Beck, and. 

'ontatla (14) observed that by redtu31n, the temperature 

of the tJUlgnesium. chloride solution the time necessary 

for the .nset or cra.cklng 1nAISI 347 and 316 

stainless steels was increased. Hlgg1ns,(lS) 

llh1watar1,(16) and ar.ene(l?) observed that by 



of magnes1t.1.1l cblQride 

:ao!utlon (w1thwhichthe boiling temperature the 

; . . 

the: oferack propagatiQn were decreased :.\aAI'SI 

304 and stainless steels. 

819, , 

steel. varls$wlth,1tsloBlflOslt1on 

microstru,ctu.re. , ' 
(12) 

Ed.leanu ,'observ.d that, wben Or 

C stalnlEuls ste, • .1 ,is ,exposed to 

Dli\l1me,fil,iUlm chloride solutlo~ t t11e 9t18c$pt1b111ty,to 

c()rrosion cracking deqreaetd with 

increasing content. Eekel(4) showed that 

when, D.uoleat:1Qn time forcraek 1_ plot'J.a a 

fUnction nickel eo.ntent, \)1 arr~naift~ the various 

--",,,,~,,, in'the or<ier' 

, 310, ' 

.useept1b~11ty is reduced 

nickel content. 

BerwiCk(18) observed, that al,ower ea;rb,on alloy 

less susceptible lntergranular Itress corrosion 



cracking., He also Obse~ved ·that molybdentlm"bfla~!l., 

'stainless steel has ,no tendency 'owartistresscottollol1' 

, erack:1ng' 

t~at.eD.t. 

Changes in microstructure from the prior 

history the at •• l also affect SUSCetptib1;111iy 10 

$t.ress oorro$lGl1 eraok1,_g.. Jt~4eleaau('19) 1l •. nt1one·d 
, • • I 

'litraln-.'1nduced· martensite 1n au,tenitit stainless 

st •• l .18 attacked more' preferentially magnealum 

chlorid$ SG1Ui\1oJ1 and oraak, can propagate alol1l 

U,U,ii:J.L1.I'. plates. However, H1ne.(2) commented on 

that ma.rtensit;e plates can act aa a cracklnc path 

aply when 

it evident that thestres" induced martensi'. has 

effeot on susceptibility whether tbe effect is 

$mall. 

Susceptibility 

austen1tle' 

steel, suoh, :prec,lpit:atlol'l of carbid.e, 

orlentatitJn and stress 'eOJleentr3.tloaa.'~ndth' presence 

cisliplJ.lle.,deformation marklngs,' etc. All these 

result act1v$s1te, pitting 
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In general. stress corro.si·on cracking 

austenltlcstainless $teels is relat:ed to pitting 

behavior ,or breakdown of<. surface fila due to 

electrochemical reaction wi1;hoorros1v$ media. 

Rhodin(26) observed that the behavior· t,he 

alley COlllPOS 1t 1011 • also observed role 

0.£ and said that stress causes the rrac~Ure but 

sometimes it help' th •. crystallization' 'the oxide 

film. In ·general. oxi.de fllm formed on Italale_. 
. , . , 

st •• l seems to be somewhat ductile but tbei~ du.ctility 

is decreased with inereasing temperature andtilm 

thiokness. 

Gulbran •• n(ZO) observed that oxlde't1bts 

form.d with dry oxygen are suseeptibleto stresa 

corrosion 'eracklD1~ found. thin whisKeroxldes 

on annealed stalnl... and stated that a' 

naa.r the root ot a Whisker 

nar:row trench may 

a platelet, ·a small' pit 

this ma.y laatito 



In case of.astainle$$ steel whioh hae 

s~reS$$d on the surface by qu.~ehing, stress 

corrosion by the removal 01 a thin 

ll!l't.<t."~,+~.@l;~IIii!1i: layer. Klingel (21) quenched a stainle •• 

steel~ 402, tato 011£):'Om 1010·0(13 Of). 'heD. 

strees-relieved at 410-0 ($80·F)· tor two· hour., air 

cooled.. There no cracks on surface it 

wa.s ~lubjected to a. solution of aodlwnchlor1de. 

O. acetic acid. saturated with . h~:rt'1'I'V:,a>!Itl.'A sulfide 

the balance water,. at telaperature 19 hours. 

Kirk, Seok. Fontana (14) observed. the 

adsorptiQn of chloride ions on the surface at breaka 

initiates cracking which leads 1;0 local al'lod16 area. 

ThuS, the nucleation stage 

proeess appears to·· be mainly determined by .tl1e 

condition and the passivatingf1lm. 

a.usteniticltainl.ss 

steels. However, .rtO 8ingl. one eOn'lpletely explain, 

observed facts·. Certa1nlynoafJ. $xpl.a1ns why 



a ductil$ alloy fails in a·brittle tashion when 

exposed to certain, con~o$i've' environments., 

, Haz"wood(7) suggested that susceptibility of 

stre.s$.e·o~ro$i~n eraeking 1'sdependent of tl1ml'ormlng 

prop:e~lesa;ndd.'tonnabil1ty 'ofthe metal, 'aho.· 1mpl-i'ed 

th$.t:iltres8 plays no direct partin ·eraekpropaaation.· 
(22) .' . . 

, ,Logan.'· . suggested . that; thepropagat1on of 

crack. d.epend$ upon the nature' of oXide or corro$ion 

t1:J.m at,th$ tip'of;tlle advancing crack as a result 

o~th~ localised :detormatiol'r. The fillU t>tree metal' 

will be anodi e to the . f1lmed, ',ffletal along the el~aekl 

6tld thtls locallzed1ntena. corro,ion can be ma1n:ta1ned. 

l1oar(2,3) .' suggested that in1t1~tlonOf' cracks 

d,eperuiS upon the mar,eexposure ot bare metal to the 

co~slve medium and Qraekapropagate by the rap14 

di,slolution of rapidly' yielding metal at the: 

aeJ.:vancing edge of the lue'a.l crack • The prima.ry 
. . 

role'of'stress istO'cause localised. detomation at 
." ',' j j .' , • ,". " 

the root of the 'corrosion t1B5ure. 

Leu and Helle (24) .mpha.s1s~d the role of 

stre.S$ andauggested that stresSing ot aU$tenitic' 

stainless steel' leads to a deformation of the mate:ttlal 

which r.sults in slip. At the pla.ce where 11.11' oocurs 



the oxide film on 

result 1s plttlng. 

," so that mechanical craetlng of the material 

1s initiated. 

Uh11S(2') 

'btle ti, 

ueJtJ)rm&i~10,n thus 1ndttc •• local change in composition 

at imperfection sitel» suchaa dislocations, grain 

boundaries,etc., thus causins precipitation 

proVides the local 0.11 necessary for continuous 

electroohemical d.issolution. 

It be coneluded.that no one "tneory the 

M;l~'~"CM1.&.~lU of stress corrosion emekingin aturrtenit1c 

stHte11$ satisfactory /If How&vf3r j it 1$ 

agreed that stress carro$ion occurs in two 

inltlat10nstage 

the nucleation or 
cracks.. The secoad stage 1$ "the 

propagation or such crack. It must be concluaed _A1;iI<."..1I. 

more extenslv~ etuG1es which could rationalize the 

mechanism tna better 



The' apparatu.s tbrough0tlt thlswork 

consisted 't wo equipment .An 

electric resistance oven atemperatu.re 

trom );·0 to 180·0 (9'-' to )S6"F) was usuEJd'fQrthe 

pre-exposure beat treatme~t~. AstandardcGrroeton 

apparatus consisting .0£ a flask eqUipped with 

4.2% ""!'.l4j!l:'..~Z.~;;ill1Ia..'","~" chlor.ide boil~ng 

a.pparatus permitted eXiOO~lur'e 

~~~«~~~iV in compo$!tion 

The material ."_"",',..'_ 1n this 

stock ,0.0625 in,ohas thick with:&D 

waesupplied by th.~ 

The analysis 

atmospheric ·pressure. 

was austenit1c 

It,consiltteQ, of sheet 

finish" 

'L;,#_'1!:~_..L Corporation. 

as' followa: 



Manganeae.·--l .• 

Pho.ph-o.nu,.-~.O)O" 

tJu~:rur-------O.025" 

Si~ieon-.----O.;6~ 

C&pper----~-.().l'~· 

11cke.1-------9. 

GhretmiW11----1S .·7'1t 
, , 

Mol;ybdenum---O.361' 

;' t 

~""""'~'~'I\i""""~' w.pe' prepa.red-from the ,ih •• t ,stock 

811t"~Jl'''u. to a length ot;.O lnehes a;w14th 

.... &~Io;t&;i'\;llg.thty were cut'1n' :the : direction transverse 

rol11ngd1.reet1on ~ After the Ibearing' ioperation, 

I;ilW,"'"' ..... &:t,lW'~A. li4$ml1led 10 1 tuclinall1 ,to' &3£ , 

inchesi A hole O.'1721nches 

.. _"''''' .......... 0.50 1nche$from ea:chend 

diameter' was 

eaeb. ,sp,ee!men.' 

8l)~i)el.me:n wa.s bentarou1\d. an one.ineh diameter 

the end.:$ ~n!oured with a sta1nles. steel 

serew 80 that the 'inside d1mensioD the end 

U one inch. 

treatment _ime inten'ala 

were prior to exposure the corrosive 

env1ronment0 Speoimen G;roup C(;Ul~Ji.s:ting nine 

specimens, was placed in the oven for 24 hours 



154-0 (3'09°11') and atmospheric pressure'.,' 'GroupD, 

cottlist.:lng nine sp'eeimens ~ was tnated'the $8lll8 

J bu.t held tor' tWo hours 1n the oven~ 

Specimen Grbup consisttng of 'nln.~8peclmens, 

was in'the'()ven tor 24 hour, at 140-0 (2$4-" 

~roupC» consistingGt "even 

spectmea., lI1'as treated. 

hours 1n the oven. 

but held. for two 

A1,1 epee1menswer. exposed b0:111ng 4-2% 

ma,~E~5i.um chloride aqueoussolubion without ~oo11ns 

from the pre-treatment temperature. 

aqueous solution of ma"u~81Ul1l chlorid.e 

cOl)taining 42% Mg012byweigh't.bo11ing at 1;4·0 

(309-') and atmosp~erlc pressure was \tsed as the 

co:rrosi vemedlum. Thi:sGQlutionwas ob'tained by 

placlnggramsmagne$iwn chloride (12-682°) 

in a flask and. ·then demineralise,4 wa~.r until. 

it. adjusted boiling point :r$ached. 1'4°0 (309°F). 

specimen was exposed to thts $olution tor 

a pre-determ1nedlength 'time witho\l:t oooling, atter 

the pre-exposure heat treatment. Only one speoim.en 



wal expo.ad in each 

was then 41acarded. 

time. 

eaeh 

ve tanvlronttleut 

speci'Ulf!$ 

the 400 

surtace lu.brlca:ted' 

a . low "'''', ..... ''''''_ ..... 

batch solution, which 

the 

8: pre ... determined length. 

waehedtho:roughlywith hot 

wa.$ ,then with 

polished 

-covered-with wOQl~broa.d~eloth 

app+ieat1o:tl of oxide powder in water, 

~B~.""lfil- tine polished ,nth carnal Qloth- w11lb aft 

Qf levigatGd, a.L~wn::&~na in water, -and t:h$n 
1 

electrolytically -etohed to themiCTostruetura 

pattern. 

etehibg done '. or placing' a beat portion 

ot' spec1men1n 'a chromio acid solution (10'\ gm. 

volts 

+ 100 co. water), and -applying 

three amperes 

The depth' of the 

150 seo011.ds. 

crack 

m1cro-8cepically 'in micronsuslnga tllareyep.tec'. 



order to insure accurate measurements from the edge 

of each speCimen, a light soureew&e.placed. front 

the micro.cope slightly than the level or the 

l#'QIwdl.,UJ;gjJA.c& under • This illuminated. the 

edge could posi'ti vely loca:~e •• 
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measured ,maximum 

I .t"or spec:i.men 

for Oro ups B 

Groups 

A 

depths are tabulated 

tn 

group 

.~ .••• ·I·.·.,.· the maxfmum 

II 

of exposure 

and respectively. 

The line in each was \lsed to 

describe relationship between crack' depth and 
, , 

line ware 

statlstical equ.ation 

exprcru5sing the relationship (4) between crack 

the 

the 

exposure time I 

(1) 

the time o't e,xposu.re in minu1ies, D is the 

line, a of 

erackn.uclGation. 

least 

V~"'''''''''ijiiifiii1 of the constants. )1 

the slope 

crack 

required. 

applied 

to' and the 

obtain 



lin.st least of 

(.xl' Yl)' (1:2' I'a) , --~-(Xn' Yn)has equation 

........ "';!!,fNl'V' ........... "'""... &0&1 are determined 'by solvlng 

simultMeously the W",-,!\:"'Ql.V,';;"'J~&18 

.. 
+ all ( 

== 1/M, 

ifdesired J be round from. 

(tl (12) .. (X) (n) 
$ r I' U'_ > llt 4 '. 

- ~ .. (X) (XI) 
*'. ,. ' ..... 

.. (I) (t) 
(4,) 

equations obtain.ed bythe'above method 

which ( l) tor each group are 

as fol1owst 



Group A: 

Group B: 

Group Ds 

Group Q~: 

log t == ~O.81 + 0.0(22) D 

log t • .. 0.55 + 0.00193 D 

log t = ~O.49 + 0.0019 D 

log t • -0.22 + 0.0016 D 

From th... equations lines were located CD. 

the of Figure, 1, 2, 3, and 4, which represent 

the obtained. 

values consta.nts M and to <ieterminid 

t~m .~."'IIi-"'''W'~,I,W (:;) and (4) are tabula.ted in Table III.' 

The 

t,lle 

.hown 

the 

required tor complete crack and 

required frolU nucleation to complete 

of each group are also 

rate of crack propagation was plotted in 

percent penetration in Figure ; according to 
(4) 

'IIWil.iLMI .. ""&.A MI"II':lWS that the rate of orack propagation 

1rnre .. sely proportional to 

craok nucleation, and 

relieve stresses in the 

exposure tim.e after 

~·T· ... "r'!'K propagation acts to 



scatt,erin§; 

relationship b~twe.n 

logarithm otexposure 

sources'Qf error ln 

aocount for alar~. 

straight line 

maximum crack depth the 

principal 

experimental' method 11'11"''''.1 .. "".&& 

~of this scattering. 

First, some non",uftltorm1ty or thespec1men 

caus'Euiby 

non-uniformity 

um.u.~u\;,& by the 

procees. And third, 

three dimensional 

orack patb. assnown 

operations. 

'distributlon in the .a.J,Q'U:V:.r. 

deforma.tion fromthe'bend1ns 

dimensional _~,~A~~r~~t~1on of the 

r$8ults in tunnelin& 
(4) 

The data obtained "see Ta.ble Ill) 
:n ...... ""'QIlkI'ftT. ' lnveetigation t,hat the .peelmens 

sub jeC'ed to the DrE~ ... eXDCHi hea.t treated 

.V~~AA~'.' t~e, 24 hours, tor the 

temperature, 

in a shorter 'time, 

, (Group A), initla:tea cracks 

rate ot crack D~OD~~!~l,On 

",¥,J;t6w,.j"W""\liiil' breakdown ot the is lowe~. Thus 

spscimenrequires a ..... V4' ... F&. .. '. time. While with ""'''''''' ......... -r._ 

pre .... xposure tlme$ lower tempetatures of 



C specimens) crack. nucleate after a longer time 

The time for 

~~mpl~te crack penetration is short'ened, , 

Other d.atalobta~n.d by Greene, (17), on. th. 

same steel exposed. to ,42%012 at 154°0 Witho~t the 

PEB-treatment shows that the nucleation ~1me of tb.. 

15 ,much longer (2.3 JUinutes) than any obtained 

,present 1nvestiga~tion,. Also J the rat. of crack 

nrclna:&Ia'&l.c~n ,1s much (738 micron/loa t) in 

of tn. longer time, ·of 'the crack. 

the nature t1lmon thesurr~ee the 

stainless steel PEH-treatment may 

cau.se the d1tterenoes the nucleation time of 

craoks •. Inadditio~ to eomparlson,of 

cr~ck nuclea:clol'l. it is observed that at 

f!n1rlS'I~an'~ oven temperattlreot PEH-treatment, the 

nucleation time 1$ 

~Eli-treB.tmen't 

PElt-treatlllsnt. 

shQrtened by 

'this, it may b.e 

fEB-treatment changes 

,·tiit~l:.ltlilIQ wit.h ·lncreal,ing ~he 

tor the constant time 

for nucleation of" c,rack 

Qven temperature. From 

increase in time of 

thickness of 'the 



film. the rise in oven 'Gempe rat ure w111 change the 

~..;L.t; .. ,C&.L ano.structural of the surface film. 

Although no C;;~·'W!VI.I'lU"V bas been made 'to 14ent:lty 

the ·formed on sW'tace si)ainl;.ess steel by 

the 'EH~treatment ,pr.eviaus work indloa:t,es 'what ., 

occurred. 
Rhodin(26) observed increased 

aa\lS.~S oxide, filmsonatainle$$ IteQl 

beoome thicker, morecrystall~n., l •• s protective. 

GUlbransen(20} observ,d. that crystal h.bl1#89.t film 

oould consist of a platelet or growth, and 

sugg.s\~d that orack nuol.eatlon wasp~omoted by 

tormatiorJ. at the rOQ' of these p~atel'et&. ~ype 

film may. ~r IUJ,y.no1#, f9rMon \he surface ot the 

sure of 

steel atJllo$phe~e' at elevat.~ temperatur,s may 

reeulted in which produced 1.,. 

protection, it may have increased. the thieltGss. the 

film 

ductil1'tyof the 

111ft! lth:odlll Observed III 



orack .. ftucl$at1011 time.. ; 

Changes in the ailay during the PEH-t:reatmen~ 

could' 

. . 

stra1rt-'temperaturecurve oQcllrred in the 'temperature 

ra.nge b$tween 9 S {tnd 145°0. , ,This pnellomenoll· m.ay occu.r 

in the alloy may 

Npture film r(J~f)d. ,by PEH-tre,a.tment. so that 
. . .' 

i.t .nJ~arl.g,rS the corNS! ve~ttack the baf'G metal. 

>. '. ,- ~ 

. . 

.disCO,ntlnultl~s observt4by ··a~rmste1n ,have ,.not, b •• n 

l.d,entltied but are. be11evedto be, associated. with 

lnt&"llt:i:bl,als lue~. as nitrogen. 

slope M of 

propagation,valu9$ ,obtained show that'the,rate 

,ofcrackpropagat1on tsd.creased by ,1DC~tuil,$elft ' 
, , 

temperature PER-treatment.. This could 



result from partial stress relief" It appears more 

likely that it is related to s~ruetural changes within 

the alloYriI Such. struotural changes can be expected to 

time temperature dependent e Thus a longer tllle 

or a bigher tempera:tiure should result in the stwctural 

cbatlSes beimg more nearlyco41pleted. 

It should be noted that the PBB-treatment at . 

tempe~ature as the corroslve med1'Wtl(lS4°C·) 

reduce.d tb. time for crack nucleat10n and the rate ot 

era.it prop4lgat1Gn. The pre .. treatment probably ohanged 

the of the protectlvet1lm, rendering it less 

protective. It alee may have caused strl1ctural '\jt.JI.1,j;.t, ...... !I .. ~fiijJ 

to approaeh moreclQsely 'to Euiu.111br1um,l thus reducing 

the rate of crack propagation." Each of th.esefactors­

proba.bly contribu.ted to observed ehangea in.Ducleation 

time and rate of craekpropagatlon. 
. ...(lS 16 17) . . . 

shown elsewhere· .' t., the c~ack 

nucleation time 

are both decreased by inereasing theoObeentra:t1on 

magnesiwa ehloride· solution. Those and. 

obtained from -this investigation suggest. that 

is a. more lmp.oTtant vartaole tban 

concentration of the malnesium chloride. 



':he ett.e'G of a speoific of p~e-.xp~sure, 

on SUSfutptib111ty ~r aust.n1t~o 

type 304, to stiress,corrQsiQn 

time tor orack 

nuoleat1on and the rate c~ack,propa,~tlon. by 

subject1ns the U-bend specimen m.$.gt1eelum ohloride 
, , ' ' ," 1 

v....,,. ... 'II6li!'_...,,,~ ,a.fter pre-exp~s:u.re ,h$at treatmen1ls. 

,t:rom the res ts "the inv~$t,igati~n$ 

,can be concluded 

Th~ linear re~ation~h1pbetw.en ,the :, ll1a~um 

c~ack and 1 lo,ar~1;thm of" time, ,ofexpos~e 11$,; 

aW:l" .... 4~Q. .. /4!i\J to ,AlBI heat, treated at 140°,0, (284~r) 

1,;'4-0 (309°') tor t;wohours and nour$. 

Tbis , Qf pre-,~po,$ur. ~eat treatment 

promotes qnck ' n~ct.ation\ 're~ard.$ the:, rate 

crack prop3.$at1on. 

deo~eas$ in C'II!T"J!iit~fA!" nu.cleation time 

the surface li,lIn 

pre-exposure, treatmenu. 

retardation ~t ~~t~" crack 



1nternal stress durinl 

treatmellt and part~allJby ...-""""',--..... 

hea" 

lntern~ , 

ehallges in the, --"_~'J to.approaeh eompletlQil. 
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Pr$."'Exp08ure 
Treatment 

Oroua! 
Tre.ted at 
lS4°0 
tor 24hrs 
~atr atm. 

Treated 
1,40 0 
tor hra 
at a.tm.' 

I 

ddt. 

9 
2 
7 
1 
4 
; , 
6 
3 
9 
It 
1 
1 
;2 

10 
i 

_ trw 

• ~ I !. 

. ,ixptJaure 'MaximUm Crack 
Time . (min) D ' (micron) 

me .'nr 

20 1090 
30 1032 
30 1129 

1061 
1100 

60 1178 
40 12 

.100 1295 
lSO 1353 

20 100, 
)0 1110 
)0 1120 
40 1071 
60 1071 
60 1207 
80 1)34-

1227 
100 126; 

II 'I 



G~etli 

Treated at 
1;4'·0 
tor 24·hrl 
at a:tm. 

Treate.· 
154°0· 
for 2 
at 

-41-

lOAj'§ii&nllS8 

~ ..... Ar. li!t°Jl 
~~um.a." ~t~ex.t 

t 

~-" ') '!. ,J .' ! - ~ 

Specimen Exposure 
lu.mbe~ (min) 

. F ( I 'IT 

5 
10 

3 

~ 
1 
9 
2 

11 

J . , 
2 
4 
6 
1 
1 

20 
3() 
)0 
40 
SO 
60 
;0 

110 
150 

15 
20 
)0 
30 
40 
SO 
80 

'Max1mtimCrack 
Depth . (iQ.cron) 

101.2 
1032 
1120 
It)32 
1139 
1149 
1149 
1)14 
116) 

~i 
1012 
1071 
1090 
112.9 
1363 



TABLE III 

~~.S~S '.~9.tl*el!Qn ~~~ioiiiiiI! hg£~I.SI. , 

~~ .... " .la' 2' .~2 

_.$Ieu ,'P£lIs!J'I, .Itt:ir 

Ipee1men Heat ' , , . "I« " 
Group Treatm.ent hnlcroa/log t) '0 

(min) 

, 

A 1;41>0, 44S 0.134 496.6 
24- hra 

'a 140°0, ,0; 0.282 409.2 
24 hr. 

D 154°0, 527 0.)10 349.6 
2 hI'S 

140°C, 607 C).60S 219.6 
2 hr. 

.,. 
"max- to 

(min) 

496.47 

408.92 

349.29 

218.99 
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FIGURE 1. CRACK NUCLEATION AND GROWTH IN AISI 304 STAINLESS EXPOSED TO 42% 
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FIGURE 3. CRACK NUCLEATION AND GROv~TTH IN AISI 304 srrAINLESS STEEL EXPOSED TO 42% 

MgC12 AFTER PRE-EXPOSURE HEAT TREATMENT AT 140°C FOR 24 HOURS - GROUP B 
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ABS-rHACT 

The effect of a specific 'type of pre-exposure 

heat treatment on the susceptibility of AlSI t:.rpe 304 

stainless steel to stress corrosion cracking was studied 

in terms of time for crack nucleation and rate ot crack 

propagation. U-bend specimens were exposed to 42 weight 

percent magnesium chloride aqueous solution after 

pre-exposure heat treatments at 140°C and 154°C. The 

straight-line relationship between maximwn crack depth 

and logaritlliu of exposure time expressed by the 

empirical equation log t • log to + D/'b1 was obtained. 

The stress corrosion constants derived from the 

empirical equation indicate that this type ot 

pre-exposure heat treatment promotes crack nucleation 

because of the formation of less protective surface 

films, and retards the rate of crack propagation because 

of effects on internal structural changes within the 

alloy. 




