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l. 

I. Ilft'RODUOTIOI 

la.pesium alloTS, tb• lightest ot all the structural 

metals, became leading strategic materials in the earlJ da7a ot 

the recent war, and are now firmly eatablilbed in Aaerican Uldue• 

t17. their major advantage 1• a very higtl. atre~·weigbt ratio, 

aupple•nted by toupmas, high reailienoy, good durability, 

excellent •chinabilit7, and ease of fabrication. file peak Jll&i'" 

neaiwa w.rtime production capacity of nearl.J 600,000,000 pounds, 

attained in 1945, left a plent1tul euppzy of thia material avail· 

able for peacetime uaea, bu.t tlle cieaan4 tor tbe metal Jaa.a dwilldled 

t about one-tenth ot the peak production oapaoi t7. 

It would appear logical that tb.e demand tor the .. re• 

oently dewloped alloys would be inoreaaed by overcoming the prob--

le•• which tend to diaoount their adT&Dta,pe • The maJ or probleu 

preventing Jl&D1 deaigaera f roa •electing 118.iJl881Ull allo;ra tor pro· 

posed constl"UCtion are (l) tkeir laok o! corroaion reaistanoe, 

•apeciall7 in the pretence or •oat acid• and alt•, (2) that their 

yield atrengtba are lower in coapreeaion tllan in tension, and (3) 

tb.eir low thermal oapaoi tie a. the important problem ot corrosion. 

is of vital concern to tbe chellioal engioeer, since in the aeleo• 

tion ot materials of constJJ'Uction tor the chemical induat17, corro· 

sion resistance ia absolutely easential. 
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Many torma of corrosion oan de1tro7 magnesium allo7 

assembll • • One of the se• rest types ot attack is atreas-aorroa:l.on 

oraokiag, wbich oocure under a condition ot higb stress in the fona 

of reaidual atresaee due to tabrioatiou, or other strease · ca.used by 

externall.7 applied load•. erever euoa corrosion takes place, the 

metal u.auall.7 fail.a coapletelJ'. St.Udiee of atreaa .. oorroaion crack-

ing han been mad• in both tile United State.a and in Germa.ny, but 

nearl.1 all or the reaearob Jie.1 been carried out on the sheet 11et.l. 

btrv.tione U' also aubjec;st to Jli design and fabrication 1ttease1, 

and atudy ot theae would therefore appear nec••a&l'T• 

• purpeaea of is investigation are (l) to develop 

an a curate but aimpllfied method of accelerated •trees•corroaion 

oraoking testing of mapaeiwa allo7 1S•l extruded rectangular bar, 

l/8 x 3/4-inob. nominal croa1 aeotiou, uaiag at.andard tension test 

epeoiment a'fing a two•inoll g ge length; (2) to d•termiae . e effect 

ot pH on the 1tnea-oorroaion ore.eking 11m1t.a tor the allo7 when 

exposed. to an aco.ierated 1odiwa o:ride•potaaaium chro ·t. solu· 

tion; and (3) to determine th,e aracteri•t1os of the teaUng 

Jl8 



Useful scientific and teobnical lite:tature GJl magneBium 

and 1te all07s is llaited. !h.11 is evidently- d t the slow prog• 

reaa •d• in the production methods and technology of these metale 

in the t1111te4 $ta.tea prior to World War II, and later to wartime 

security aeuuree Cd.oh prevented publication of information during 

tke period of tJJ.e most rapid adva.noement. Since the :recent war, an 

inoreased amolmt of in.f orma.tion has appeared in t.he technical jour ... 

nale and trade literature. 

1Jam!a1u, lagnes1um is a silver:r white metal arlng en 

atollia 11U11ber of 12; atomic wi&tit, 24,)2f 1eotopee, 23, 24, 25, 26 

and 27; val•no•, 2J apto1fio gravity, l .. 74; melting point, 651° o.; 

and boUing poixlt, 1100·1120° C. (4?) (4S) • It Rl!I recogn1sed by 

Black ae an element in 'l7SS, isolated by Drl't7 in 1808 and prepared 

in a pun metallic f'on by BQs7 in 1831 (49) • The first practical 

mean• ot separation 11 attributed to Bunsen 1d:lo, in 18S2, derived 

pure ugneeiwa by eleotrol.Jti• ot tha tueed chl.orid • fb.11 t1P• of 

eleotrolyais 11 basic process in tb.e production ot 11ag.n eiua todq. 

Magnesium 11 the eighth most abundant element and the 

aixth most abundant metal tound in the eart.b'a orust, oonatituting 

about 2 .1 per o&nt o£ tbe total. Dolomite and magneai te are the 

prevalent natural forms et the mixieral. In sea water the avallabilit7 
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of ma.gneaiwn is about 5.5 pounds per 1000 gal.lone, occurring pn• 

dominantly as the ab.l.orid • Yarioue subterranean brines are '10N 

higt&ly oonoent~ated. 

It is ue4 primarily (1) in the tinel.,. divided form or 

at igh waperature in narea, prrot•chnics, Gripard "action and 

deaulfuri.z.ation ol llickel, oopper, z1no and alua1num alloJ•t and 

(2) u an allo71ns ingredient(35). 

Proqg~i.oa ot Mee••iu. MagnesiUm. •• first produoed 

coaeroiall)r in Cel"llanT about l.913 and until World War l was pur• 

chaeed in the 'O'DJ.ted St t~a for -.bout $1.65 a pound(l4) • At that 

ti• i ta pmcipal us•• nre iA pllot•graplU.o lifJlting. bltrioan 

producers began pioneering in 191;, when the price ot ingots bad 

risen to t5 .00 a pouad and tb.e war dellltUlded new SO'IU'C•fl • The ten 

7q,rs following World lar l marked the ttanait1on of' magnesium 

t:rom it• principal. use in tla• bulbs to a dependable ligbt alloy 

tor uae in atruotural forms and d•corative applications, and trom 

that t:Lae tluough World War II, ..... production gradually increased 

annually. with the exception ot tb.• perioda 19)0•J.932 lllld 1935•19)6. 

stocking and latld.u('17) blame cartel arrangements ,fo-r retardi•g the 

growth ot the yo'\Ulg industey whioh migllt ave grown even f'aater. 

During the recent war the e.'f'iation industry made such great dpaada 

tor tbe llUltal that '\Oh• Government oontracted with \en companies for 

its production, which reaQhed a peak oapaoit7 of 586,000,000 pounds 

in. 1945(14). Table l, page 5, gives the pl'Oduotion of magnesiua 

far specified years between 1915 and 1944 8J1d Dow Chemical Co pany•s 
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TABLE I 
1'.ftOJ)lJGTIOB 01 MAGNESltDI AID llOW OBEJIICAL OOllPAll'S 

AVDAGE PRIOES FOR MAGDSltJM 110018 
:r1 snaxnm> IF.ABS, 1915•194S. 

Prodv.ot1o:n<78) Price•('19) 
.. 

I ear v. a.,, Genwi.y, To AIC*, To other :Done• 
cent• tio OUetoaere, 

1000 lb 1000 lb per lb cents par lb 

1915 88 .. ... -1918 294 ' ... ... .. 
1920 124 - - ... 
1925 245 ... .. .. 
1926 322 - ... -1927 366 - SS 7J 
1928 521 - 49 78 
1929 1,330 - 49 81 
1930 1,174 ... 48 76 
1931 581 - 42 54 
1932 '92 ... l2 37 
1933 l,435 s,ooo 2 Jj 
1934 4,250 .. 2.3 28 
19'5 4,241 17',000 19 28 
1936 3,903 .. 20 27 
193'1 4,;40 26.,;76 20 27 
1938 6,41; Jl,020 20 2S 
19-'9 6,700 )6,300 19 26 
1940 12,522 5S,OOO 18 26 
1941 .32,500 71,000 16 26 
1942 97,926 .. lS 22 
19.43 367,168 .. 2l 42 
1944 .33&,674 - - 21 
194S - ~ - 2l. 

* American llagneaiwn Corporation. 

• 
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annual ave.rage ingot prices for the 1ears 1927•1945. 

CotlUl!.ercial magnesium ingota are graded a lo. O, contain· 

iag 99.99 per o•nt magnesium minimua; lfo. 1, 99.85 per cent minimumJ 
(81) 

and Jo. 2, 99.0 per cent mininnt9 • 

Magnesium is ree1at-

&!lt to attaok ot most alkalies, alkali aetal arsene.tes, cb.romatee, 

dichromatea, fluoride•, e.monia, pure chr&nd.c acid, concentrated 

hydrofluoric cid (5 to 60 per ce.nt), and of mo1t organic obemicala 

inclt&dina 1:1.fdrooarbon•, 100 al.dehydes, ketones, alco'bola, );Genola, 

atlliuea, eaters and moat 0U1(2). ComtnerciallT pure magneaiwn reaiat1 

tb attaok of at at.moephens ntore aati.s!a tol'ilT than does mild 

at l(ll}, due eaaential.17 to tbe formation of tbe p~ecti.,. b7· 

droxide or carbonate, and unless moisture 11 trapped in orevioea 

or low ap ta, no atru.cturelly eeriou• oorroa1on will occu<4> • 

larine and sMcoaat locations are mor oorroaive and •7 C4Wfft 

aevere attaek(6) (l.2) • 

The proteotive tilm 1• not iapemou ba.t retards sub-

aeQuent attack(lS). It ia preferable to aupplement thia natural 

aoa.tin.g wi tb ad.d:L t.iou.l nrto.oe proteotioh proT.1.ded b)" p•int a71 .. 

tems, resin tiniahes and ebemical treatunt(U). 

lf(tural frothtiJ• . Coatiw. Upon ordinary atmospheric 

exposure, pri11a17 oxide film foNa on • surf•oe of magnesium 

b\it tai.a is readily conYe:l'ted, thOU&il probably not whollT, to sucll 

products aa tba h7droxide, basic carbonate or buio ftlfate(27)(3J) 

(87)(88) • '!he £1lm is allloat as protective as that on alUllim 1a 
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ataospher:lc exp d\U'e but is much lea1 protective en in contact 

wit.A water oontah1tng carbon dioxid•. lt water peneitratea 

tbeae tilma and r ndera them non•proteot1Ye(24)(26)(88)(89)(90). 

Butlbrod.(25) to'Ulld that the )'droxid• wae deatl'0794 at p1I 6 or 

lower. 8oyer(2)) studied the bebavior of tb.111 fila 1n .it •'t•r 

and found that pun m.e.gneaium iuereed in aodiua cmloride eTOlv 

h)'drogu. rapidl)" at first, with vislble evolutimi ot J:qd.ropn con-

tinuiiJB for 26 Jloura • lt •7 be cou1dered tb.at the retardation 

ot bJUrogen evolut1 ia due to a. slowing don ot the rate of 

aupp~ of the reactant• tbrougb the tilm to the flttri'aoe ot the 

aete.l itselt('4) • BoJer ooacluded t the oTenoltage of agnea-

iu coupled wit.Q ~ pi-oteQtion ottered by tbe film wu etltf'iciant 

to •top Jqdrogen evolutioa. Th• ett.eot of t.be ad.de ia to alow 

dowa d.lttusion rates and •o aid ill the cha ge 1n nature ~ the 

•olution. 
!fleet of l!lp'g'itiea on l'tat• ot Corroaion.. Hanawalt, 

Bel.aon aad Pel~ubet (43) (44) prepared • euper-pue" •gnea1um by di•-
t1llat1on and euetul.17 alloyed thia aetal wltli allo7lng constitu• 

ents, whio were likew11e apec;i.ail.7 pviti • Tneir conolueiona 

were that copper chloride, aaraom:wa chloride, ammoaiwa nuoborat•, 

sulfur, magnesia nitride, u.gneaiwa oxide, :magneaiua ~or1de, 

carbatt, hellUJa, nitrogen, carbon di•ul.tide, acetylene, carbon aon .. 

oxide, oarbon dioxide, hydrogen, hydrogen sultide, Aydrocbloric 

acid, cblor1ne1 mtl:lane, sul.tar dioxide, mqge11, tural gaa, air, 

and f'l'1X inclusions ba.ve "no eignifioant e!.fe<:t" on the ••no•i• 



of the b.igh•p\U"it,- magnesium and it alloys, rO'ri.d cert iu 

m tall1c 1mpurit1es re not introduced. 

Tolerance 14!p:t for V~r1ous tJ!PU!:ities. se inv sti• 

gators dre conclueti.on» on tolenano• U:mi.te tor their lloys, fitl.d.-

1 that limit.a for iron, nickel and eopper W$N 0.017 per o nt, 

0.0005 per cent axid 0.1 per c rt, raspecti"f'ely. These limits a.re 

•rkedly cb.~d bf the pre•enoe t eommereia.l alloying conat1tu• 

ente • lig (84) g1 vea th~ eff'•et of certain i purl ties on tbe rate 

of corroeion of mag:nealum ae ah.own in .FigU.re l, p. 9; and states 

that in ealt water pure magne1iwn corrodes at about O.Ol.2 ill.ob. 

penetration per 784r, whereas the rate for oo ercial ma.gue'91WD 

is 100 to 500 ti:aea greater. 
Fortunately, iron c.ioe:J not cOJll'bine readil7 with ugneaiwa 

or magnesj.~ba•• allQye, and is preo:l..p1to'tv..l(l in tha production ot 

practicaJ.lr all the gnesi\lm allo;ra except tbe Mg-Mn tJPe used in 

thie countrJ""(63 >, 1ibererore lltti. danger 111 incurred b7 iron in 

eombination. SoweTer, exeluaion Qt tree iron and iron oxidea frOlll 

the lll8tal during produotion and in aubsequ nt han<.n ing !a essential • 

4 !o:rz O!! Effee;t of l!puri~ies. '!'&le 1."eason tor thee 

bigbei- corrosion rat a due to impurities is attributed to th 

theory that oatnodic areas are produced by the impurities, thus 

produQing olu.tion of tbe anodic magnssi\ltJl(29). Hanawalt and ia 

asaooiatea(4J.)(44) ha e aoP.letbat justified th.is theory, although. 

their d.ata a.re ot limited scop•, by aeasuring the UC\"f!Mu~e in 

potential of the external circuit, using tbe various metals which 
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cause accelerated corroaion or magneaium ~hea se1."Ving as oat.hod.ea 

in an electrolytic cell consisting of a platinum anode and a 3 

per oeot aoiium chlot"id• solution. The res'Qlts iAdicate that. 

th oorrosive ef.t'eot of' the impurities is in the s me relatiw 

order as tb.at determined by the corrosion experiments. 

Dix{29) C$Ution=i that man7 of tbe aooepted oonolusiona 

on th et!ect o~ allo~ conotituents o~ ~esistance to corro•ion 

&re probably masked by the pre ence of unknown quantities of i:m• 

purities when tests were carried out, and it is likely- t at e 

prinoipal effect or allo)'i elements ma1 be tbe indirect 

ffect on tbe tolerance limits of the impurities. 

llasn@siup Al;toz•• Like other pure aetals, magneaium 

does not posses• au.f'ficient etrength and corrosion resistance to 
. (13) 

warrant its u • 1 a structural material • Its el stio limit 

4.s onl,y about 2,500 psi(SI) .. However, en alloyed with ucb ele• 

menta as aluminum, manganese n zino, «i1trength is added to light• 

ne a to produce a vory 1 ettengt -we1gbt ratio. Table II, p. ll, 

compares th strength ... weigtit ratio or magnesium alloys with those 

ot other metals an alloye. Oorro ion resistance is greatly' i11-

prov by certain alloying elements. Co11mercial gneaiU?U. all.071 

are available as sand castings, permanent mold castings, die oaat• 

1ngs; forginge; rolled sheet, strip, an plate; extruded seetiona 

including bars, struetural shapes and epeaial ab.apes; and tubing(7). 

Aluminum, zino and manganese are the chief' allo11ng metals 1n mag• 

nesium alloys, and all commercial alloys contain one or more oi theae. 



ll 

la erial teuu .. St.Nqtb• 
tn~, eig0t 

•1 B&t.io 

'°°•000 ?.84 ~l.O 
250.000 

'· 5 
)1. 

200,000 ?.9) 25..2 
47, 1.80 2,.9 ,ooo 2.71 24.5 

190,000 7.85 24.2 
l.0,000 0.4)5 2).0 ;s,ooo 2. .a 
24,000 2.11 8 .. 9 , 7.84 7.6 
llJ,000 '1."1 ,.1 
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Aluminwa. Aluminum is used J10re exclustveq than any 

otber aetal and praotieally all of the al.l.0711 contain u amoUttt 

of thie elellGnt • Th• Jll&XillWI solubUi ty of al~um 1n magneaiwa 

is 12 .1 per cent at e eu.tectio temperature of 436° Q • , and 2 .6 

per o-ent at room teaperature <2> • the d c~iag eolubili t7 makes 

these alloye amenable to eat treatment and agtn,l85). Al:umiDWI 

•nhaaces both •cb.uioal and corroad.on•l"9siatant propertiee, anci 

in qtwititiea Up to 10 per cant it faoill~tee heat treatment<2>. 
1!!£. Zin u added ia quantities up to 3 per cent to 

1.ncreaae tb.e :reaiatanee to Alt water corrosion and to iaproft 

•• anioal properties in the heat-treated oondition(2). Thi• el 

• nt atab1Uaee u.gneaiua.Uuainwn allo1S U ..i1 amcnm.te ot iron 

and nickel are present, but it' theee are a'bllent •inc 1a not re• 

quired. Ueo, 1n the Wm&l'7 ayatea, zinc 1aprovea the elonga• 

tion<2>. 
11aeneae. JIU.pnae improves oorroaion reaistance 

when all~TGd 1n qUA:11ti·tie1 up to O .3 per ae:at, utllougb it haa 

praoti~u1.U7 no ef'tect on ~ysiaal p:roperties<S5). It 11 aclded to 

commercial al.1071 to the extent or O.l to 0.5 per cent to i11prove 

oorroaioa reaiatance(a) and 1.0 to 2.5 per cent produoea an alloy 

wi~ auper1or welding propertiea. ~es , according to 

Hanawalt ('3)(44.), does not increase th• tole:ranee limit tor iron 

and copp•l' but. ciloee raise t.b• limit tor nickel .fs.-oa 0.0005 per 

cent to 0.001 per eent with 0.2 per cent manganese and to 0.015 

per cent 1ti 2 ll•r cent anganese. Although it d:oee not raise 

the tolerance limit tor iron, IWlg&nese apparently does llinitJ11e 
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the unde•irabl• eftects ot thia i11puri.t7, 

SU1e99. Silicon 1• not soluble in 11apeaiua and ia 

alwa7$ present in the allo;v aa Ilg/Ji wbiob, preoipitate4 in th• 

.form ot lamellar cqatala• i~aes tb.e hardneea., while tensile 

etn~ rnoh•• 1.te mald.m ftl.11.• td.tb approxiaa'bel1 1 per odt 

ailicion ( 2> • 
. Q.W!•r Alloz1y R•-tt. fin, 1ircoidum and ceJ-iwn 

are qpl pd to a llllited otent •• alloJS.ng metal•. Alloo(a) 

gi,...a, with reterence1, the priury etfeot.a of ot.bor u'kla n 

el.l _,.a wi •..-•iwa, !b.••• include anti•c:m;r., a.reeaic• buiu, 

be2171l1u, b1aamtl:a, cd.nda, oalcia, oobalt, copp.r• leacl and 

silver,. 

DH\ Tl"eatntit. .. ·· a:n1oal properil•• •f amae of tll• 

magne•i all.0111cqbe1aproYed bJheat treat•nts, 'lb.oee tunot1ona 

are (l) to hucien and •trens*en, (2) to reline i.1itemal atrea11 • 
aa in castings, (.3) to aotto obl•t• for turther working, or (4) to 

anneal obJ&ota preYiou11y deto:rmad 0014(32). 

@oluttoa int_ '!Jlea-t•a~ • Solution heat tJ;"8at11ent tor 

mgneaiu allo711 la oai-ri..-1 out at temperatures between 500° and 

00° 1., deJ)end1n1 on t"A• allo7 oompo•t t1oa {3') - • purpose or 
awm tnat11ent i.• t throw •• m.uch of th• •t•ri•l u possible 

into aolld. aolution 1n ·ord.er to giYe h!gtler teuile stnngtll aa 

max.tmU'ID elongation or duotil:l.ty. 

As±!I u;eat Treat!!Bt • AgiJlg Jieat tl"eatment. ( 62) takes 

place in the rarig\t of 300 to soo° F. alter the aolution heat 



treatment and ia gi.Yen to increae the ;yield •trength and he.rdnese 

of the all.019 • 

§'abiliting Heat frea'tJM!l• ,Stabili1ing heat treatraent(6a} 

involve• treatment from 425 to sso0 ?. and therefore tall under the 

same 'ne of' treatment as does the aging treatment • It 11 di.atin• 

guieb.84 troll that tr.atment 11nce it •1 be applied to th• aa•ca1t 

aetal or after solution heat treatment 111 order to obtain rap1411 

• complete preeipitatia. the function :i• t.o give wost complete 

stress rell f and freedom .from growth due to aging in senioe,. 

indication• are that creep strength 11 highest in the stabilized 

Oottouon has been defined as tb.e deetru.ctio:n or deterio• 

ra'ticm. of a ••tel. by chemical action of its enY11"omtent(70). 

Ann\l&l eosta ot oorroa!on and 1ta prevention have been 

estimated to be in tb.• neipbo~ood ot GJ,000,000,000, which. marks 

it aa a problea demandiD( continued investigatioo ae to ita causes 

and prevention .. MloeYer it na at first called it •major 

inch111t!17' • ill reverse,• put it well.. The problem ex11t1, mor• or 

lees, wher nr then are aetala or alloys present. Variables which 

affect tlle •uatceptib1lit7 to and the r•te• of corroucn are iiumeroua, 

and the problems beoome .it10rea1ingl.7 ocapld were l'llfllllY "Vuiablea 

are active liaultaneousl.J'. 'flds ie usually the case 111 aerdoe. 
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J)ata and lii•rature on the a~bjeet are exceedingly Tolu• 

miAOUB, and oni, the most important and related i;iu\lj•et will " 

brought out in tbi i"e'V:Lew. 

Essenot of Electro emical fj!eoq. Th lectrochemi .. 

oal th 0Jl'J'(S6)(92> is tbe g nerally accepted theory of corrosion. 

Other expl.anatio11a have been ottered but the superiority of tki• 

theoX"T is aeldOlll q'U.8at1on*1. 

Acoording to the eleotrocnemical. theory, ttle complete 

eorl"O ion reaction is 1'ri.ded into BJ1 anodio portion and a cathodic 

portion ooewring sim.ultaneousl;r at discrete pointa on the metal 

eurtace. !>le anodic portion cani•s out the destruot1 ve a.ctioa--tae 

etal nt r the environment as iona wi the l<aae of electron•. At 

e cat.hod toere is a p1n of eleotrona, usuall1 b;r llydrogen i<m.1 

whicb are discharged u fdropn gae, or u water upon ~•action with 

dissolved oqgen or 1ritb. hydrogen acceptors. 

The flow ot e1•ctrioity ma7 occur from local cells ••t 
11p on a tlingle metal IUl'face or between dies:l.atlai- met la. lt ma:r 
also be externall7 applied, aooidentally or dellberatei,. 

Th• general mecb.aniaa ot oorr~tion ia abown by thes• 

simple •q.uatiena(7l) involving the fol"Ution ot mat b7 iron in wate:r 

in preaenoe of ai.r: 

(1) fe + .2S;+~ y9H + 21 

followed by either 

{2a) 2a + 102 --- H20 ($leatruotion of film of hJdrogen) 

or 

(2b) 2lt - a2 (llemoTal ot hfdrogen: as gas bubbles),. 
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These all w {1) to prooe~a with acounuilation ot J'e++ in the solu• 

tion, followed b7 

(3) 2Fe++ + .lA +II 0 --- 2Fe+++ + 2"'2 2 2QH ~Insoluble 
terric 
hydroxide 
(Rust) 

The rate of tilie corroaion process, as a 1Vbole, is deter· 

mined b7 the nte of tbe aloweat ot tbeae reaotiona under the partio• 

W.ar condition.a. ln n.utral or alkaline solutions, (2a) control• 

the rate ot corroeion; in et:rongl7 acid solution•, (2b) u..ual:Q' pre ... 

dOJllinate• • ,luaeroua other factors dfeot the corroeion rate a, how-

Fa9)ora Qetml.MM Qo:rr9a1og. Aocol"ding to Speller (7l), 

oorroaion ia controlled b7 (1) pr1maq tutors wb.1ch affect the 

teneienoz of the •tal t01fai1"d aolu.tion and (2) aeoonda.17 factor• 

having to do w1 th the aubnqmnt Hte or oorroeion. Primary tactor1 

are associated with th• metal; aeoondary, with the environment. The 

rate tactore are the JIOre important.. Be ewas Up the prinaipal tao• 

tors •• follows1 

Ptimar7 factors hav.lng to do mainly with the metal or 

1. Etteoti ft electrode potential of the metal in 
solution 

2. Qheiaical and pb79ical hQJIOgene1 ty and texture 
ot its surface 

.3 • Its inherent abil1 ty to form an in•oluble filJi. 

4., oYenoltage of hydrogen on the metal aurf'aee 
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aotora 'lhi vary with the environmenta 

5. pB oE the sQlution 

6. Ett ct1ve supply of oxygen in t.be olution. adja• 
cent to the aetal 

'1. Diatr1but1on of available oqgen on the aetal 
surtaoe 

8. Sp•oific nature, concentration, and distributi.on 
of ot'ber 1oiia in the aolut1on 

9. Ef'tect1v-. rate of flo• ot tbe liquid paat the 
metal csurf aoe 

10. Pre1ence of solid part1oles (dirt), or of a ooat-
.$.ng or any- kind as 111U aoal.e, on t.Q.e aetal aur• 
face, or oontaat with other conducting aterial 
in the pr.eenoe ot an eleotrolyt.e 

11. feJllpf,lrature 

12. lhetlu~r the metal ia under ate.tic atress Gondi• 
tion• or exposed t9 cyc1ea of alterpting stnee 
(the so-called corrosion fatigue} 

lJ ~ Ability ot enviroDent to build up pi-otectiT• 
i'ilu o:a e metal. 

by and Worth1qton(S6)(5?) oonaider these same pohte 

to be the moat ~ortant in controlling • oorroa1on p~oo•••••· 

ifteog ot t:Qe frincipal Factor•. The ef'fecte or the 

prinoipal faoto~s controlling oorro1io11 are briefly explaineG aa 

followet 

Jl!lroen-Ioa Qoncen;tra.tiop. Inoreaaing the ydrogen-

ion oonoentratio~ tavore the tendency ot the formation of atollic 

hydrogen, tb.erefore metal.a tend to corrode more rapidly in ao14 

•ol\lt1ona(71}. AA oppoaing effect, ougb leaa apt to occur, 

is tb.at 1rl aome oases the :b.,.O"gen•ion conoentrai;ion change• 

the aolubility of corrosion products (such aa hydroxide•) and 
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tb.eretore tlle nature of th proteotive fU.a. For iron or 

steel, t.he dividi:ng ~line between rapi corrosion in aoid 

solutions, and moderate or slow corrosion in nearly neutral 

or alkaliue aolutions, occurs at o.bout pR 4.5. For the 

ampflotei-ic 11&tals, such as aluminum and sino, hi~ly alkaline 

aolution• 11JA7 be evtn •ore eorros1v. tilatt aeid solutions, 

cauaing profuse evolution or hydrogen(36). It has been dea-

onstra.t d that tb• initial rate of corrosion in alkalies may 

be as eat as that in eolutions of lower pa, but the coat-

ing ia bu.Ut up 'Very rapidly to d orsaJe this rate. 

Oyenolt&ft 9f Hzdrog;en. On moat surfaces h14rogen 

bas a reei•ta.nce, termed "ovel'V'oltap", to overcome before it 

can be volv&d as a gas. T e ma.gid tude or thi ovenoltage 

depends Dl&inl.7 upon tbe nature and condition of tb.e surface, 

and &l.se up<>D "mperature, pr ssure, nature and velocity ot 

the corroding medium and the size and number of the hydrogn. 

bubbles formed (7l) • Bancroft (l ) considered the oTervolte.g• 

to be due to polarization by electrically n utral taonatomio 

hydrogen 1lhi Jltlat react to fora llOlecular hydrogen in order 

tor it to be discharged as a gas or &.saol.Ted in the solution .. 

Electrical contact of dissimilar metala (one igb and one low 

in the electromotive series) breake down th protection of 

hi overvoltage on tbe .firat metal and allows volution of 

hydrogen from. the second(?l). Tbe rate of corroaion under--
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water; in moat cases, is airectly dependent upon the rate 

at which some oxidising agent can depolarise t.be h)'dropn. 

Q!zgen amceptl"ation. Jlissolved 0X7g•n may act as 

a promoter or in!aibitor of corrosion. An increase 1n oxygen 

concentration general.17 oauaea a decrease in t.he area or 

probability of attack b\tt tend• to increase tbe inten•itz of 

any attack whioh doe• ooour<21>. One or e two min wa7a 

of remo1'ing )'dro,gen from. the ayatea (other than evolution ae 

bubble•} la the reaction wi'tb dissolved OJC1pn to fon water. 

The rate of oorroeion 1n natural wate;rs 11 determined by the 

:rate of ct..polan•ation of tbe oat.hod• areas, and therefore bt 
the rate at which diesol'ved oxygen rea$4ea the cathode aur• 

taoe<72>. Acoording to Speller-(72), "The effective oxygen 

concentration at the metal surtaoe is determined by ~ fao-

tor1 including (a) the concentration or oqgen in tbe solution 

as a whole whioh is influenced by th• partial preasure Qf aq-

gen above the solution, the at>ea of contact with title atmoa• 

phere ••• , the rates of solution and diffUaion of QX1'gel1, the 

visoosity and the motion of the aolution; ('b) the temperature 

••• ; and (c) the deifte o£ permeability ot tilma or coating• 

••• •. 2!l&en concqtration qells ha•• a very lmportant etteot 

on the rate o£ corrosion: two areas, as shown in figurt 2, 

p. 19a, ha'Ying different 0X7gen concentration, eause 
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High Oxygen Concentration 

Low Oxygen Concentration 

Figure 2. Localized action due to oxygen concentration cell effect. 

High Metal-ion Concentration 

Low Metal-ion Concentration 

Figure 3. Localized action due to metal-ion concentration cell effect. 
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..-1 ur a ~1 n 1• peatl.7 Wl\leMlld 

t.b.e oonc.ntnUon ot • 1 • ot !MS !dH al_.,. 1a • 

•lonr •1 

' • trae •t&l to dl#sol••· 

•tal•, ... 

-..v;z.,1 f ot'll a 

Q OU(?l) • I fJJ.a 11 p 

lqen of tA• aurfi • • • 

b7 ord1n•t7 t • of cllnloal valeaoeC40)('1). !111• 



Qondition ean be brougb.t about by oqpn or other o.xi.4111ng 

agent' auch a nitric aeid, ohlorates, and chroatea. the 

pb.711ical &l'Jd chemical cbaraot•r1atica of metal films are 

factors of ver1 great 1aportanoe witb. reapect to the lite of 

the utal.(45). 

Jeioo1t1. 4n i!)cl"eaae in tile velooit7 ot the cono• 

ai•• aediua past tbe aetal aurtaea teats to acceleJlate cor:ro .. 

•1on(S)('73), ubl7 beoaua, it cauaee mon oqgen to be brought 

to the aurtao of the aetal. Motion alao tend• to thin tbe 

liquid tils on the metal aur.taoe, reducing the barrier tor oq-

pa to cross. In th• abeenee of 0%78• &lld if •elocit7 11 not 

uniform, tb.e area subjected to th• higb.eJ" velocity beooaee 

anod.io. Thia a1 tu.tioa 1'1 . 0%¥i•Jl present 1• reveroed • Yeloo• 

ity can b6 n.tticient to oauae meohaniw erosion, not or e 

utal itself, bUt of tb.e oorroaioa produot1(74){93}, 

teszeratun ~ The ajor .tt•o\ Gt te119erature le to 

111.;reaae the rate ol corrosion. ft• relationtbip between rate 

and temperature ia sea in the tollold.q equat1ozu 

log R == A + I 
T 

where: 11 = rate of corroeioa 
A and S are eoDatanta 
T = abeolute temp•ratur• 

Temperature alao hae ••condary effects Oil the solubilitr of gases, 

s as aq-gen, wb.ictb. often result• in a decrease in the oxidis-

ing power of the eoluti011(5S). Alao, temperature somewhat affeote 

the solubility ot corrosion products. 
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qe..\Yffio Corrosion. Two•m.etal galvanic corrosi is 

,rapid oorroaion o'f a Metal due to ita being elect.rtcally oonneGted 

to aaoth r metal in oon-osiv oond:1t1ona(56). The effect depend• 

en'birel7 on the difterent &mioal properties o£tl:ae two metala. 

the c1rcuit mu.et be complete thJ'C>Ugb conducting •etala and aolu· 

tion•. 
Principal taoto~• 1ntluenoing gal~o col'l'Oa1oa are 

tA• re11i1tanoe of th aolution and the 11etal•to .. 11etal oontact, tile 

potential aet up bet .. en the metal•, polariaatioo ot th• ode or 

cathode, relat:h·e area1 of anode and cathode, end • geoutr1cal 

relation 1p between e two metala(S) w 

Wtiy. Pitting or looali1ed oorJ"o1-i.on may J"esult t.-011 

a number of aituatiou. llea!'1 ud Br01111.(60) attribute this tJP• 

ot attack t the tollowing poasibilitie•a 

1. Iapu.ri tiea 
2 • Grain b®ndal'ie1 
3.. Ditfereatial gn.iJl else 
4. Differential thenal ai•• 
S • Surt•o• ~oup11e11 
6. Looal to:ratohea and abn.f1on• 
"I. Jl1fferenoe u llb.ape 

• Dltterenoe in oqgen 
9. ntffei-ential conoentntion of eolutiol'lJ 

a.lao ou.positi 
10. Diftenntial aera~ion 
U. D:lfterent.ial beating 
12. Differential illUllination 
lJ. DitfeJiential agitatio:n 
].4. Contact with dissimilar met.i• 
15. lbttenaell.7 applied potentials 
16., Complu: cells 
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gorroaion T•at!!g 

Sp•ller(1S) warns at deeig.nlng a rational s11te• of 

corrosion te$t requU-e a good working knowledge of e corrosion 

r .eactiona and ot the r1oue £aotore involved~ Th••• baYe en 

diacueeed • orgmun and Meara (l2) empilaslie that no one teat can 

be expected to evaluate aocuratai,. the "lit•• ot the •terial ex-

cept un.<l•l" conditions al..a:Ll iE' to those of tb.e teat iteelt. Th•r• 

is no atudard or preferred n.y to ca1T)" out a o rl'oaion teat • 

.U•• .ot Cowt109 teat!. The twe of corresion te.i 

to be ued lhould be govem 'b1' the e11d deeired <22> • feeta an 

eapl.07ed o a•teTe OD• of tin ditf'erent ailU • These are 1 

(1) to 1t.ud7 tile meobaniea ot •onoaion 

(2) To aeleot the moat 11\litable aaterial for 
n iating a certe.in envi t 

(3) To 4et ndne enrlronaen~s sul,te.bl for a. 
given utal 

(4) !o dev•lop new allo71 

( f) To ae"e •• a control teat 

Type• of tests can be classified in general as laborato17 

tests, plant teats~ fiel(l t•ete and eel'Yioe \esta<s>. 
Ja1ue of A;cceberated T••tf • The moat reliable metbod ot 

detend.ning the l"•ai•t&rlce ot a materi.al 1a a cert in ea'fi.ronunt 

is to teat it under exact semce eoiidition$ " deet:ruoti·OJ1.(7S). 

su te.eta can seldo• be carried out, prl.mar1l7 because of the ooet 

ot uneucceesf'ul uperiment1 and t.Ae long time uauall7 involve • 



Quick tests are ••••ntial e'Hn ougJ:i tb.e renlt.a do not alwq• 

pal'allel tao .. of 1•""10• teats. 

Aoc•l•rat.d t.1'\s a.re deemed permlaaible when th•7 in• 

elude all iaportant faotore and conditioa1 found in ael"fic•t 

Yice • Colitrol.llna t'aoton JIWlt COAtrol f uniaportant factor• llU8t 

J.'emain utli111pOrtant • 

taotol".s eqUal.17 • 

.D1tf erent accelerated tests tor different t1P•• ot corro-

aion can uauall.7 be de'V'f.aed &i1d ean often be oarried. o\lt to adnn· 

tap in tU laboratory, wbere e factors can be controlled. Such 

teats ahould be c;ali'brat.d agai.net service ftaul.ta 11Qerever poaaible. 

§u'baergtd Qorrowtop Teets • file moitt important factor to 

be considered in rsion te t ie +. • ~ien oonout.ration. In 

moat ca•••; O"Q"geJ!l oonoentra.tion 1a llmited by the aatura.Uon value 

under at o'Jlherio condi ti one. 'lil rate ot abaorption in quiet ater 

ia not great enough in mo1t eases to 1.nsure C•mplete eaturation of 

the liquid (l.) • Aeration is us\l8.lly deairable ia i•ersion teats • 

eeults a.re aiso dependent upon velocit71 temperature and compoai .... 

tiOJl t>t the liquid. 

For s71teaati0 tee 1ng tQ-es• conditions and other factors 

uon u slight m ob<Udaal abrasions, iapurities and temperature fluc-

~uations aost be s<>Ye~ned.(39)( 52><67). 
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Strees•col?rosion craaldng ma7 'be de.fined a1 oraoldn,g 

.-esulting fro the 00 bined e.f'f eet of te11sile stNas and oorro• 

aitlll (lO) • It 1a a specific a se or e taoi-e gen l"&l aubjeot of 

atress aorro:sicm 1n which condition t 1., atnaa accelerate• 

t • conosion of metals. 

Perhap1 the aoet. f am1llar example ot thia t71'e of 

oort'Oaioa .1 the so-called •a.ea n cracking• of ool.4-toned braas 

art!olea, a phenomonon brou&bt about bJ' tile ooabiAaticm ot higl1 

residual atreseee inh.erent in tbe metal and presence of ordlna%'J' 

atmo•pllere r a JE,..ldl.J' oorroai:Ye atmoapb.ere of an amaoniaoal 

uture. "Ol.Ultic •brittlement• found in 'boileJ' platee at 1t,..•sed 

rivet hole• ia anothei- oouon eu.aple. H:OlMT•l", in reoent years 

ure and more typee of at:nas-oorroaion oracldn.g aw beoome e"li• 

dent where failures were thought to be of a. purely aecb.uioal 

natu:re, and it la probable that 1nveatipto,-1 will t!Dd solutions 

aiob will oauae oracki.Ag ot U7 known m.ekl or allo7(,30) • 

Gctneralia!d !!Jorz ot §tre•1 .. oorroa1e OracJsi!s. It 

e been pointed out b7 Dix(28) that in order for aoceler•ted corro-

aion by igh stresses to take plao• there ae\ a:iat two conditiona. 

Thes ar6 (l} ausceptib1lity of the alloy to seleetiv• eo~roa~on 

aloag •or• or leass continuous pa.th•, •• for illatance, at the p-a.in 

boundaries, &lld. (2) a oondit,ion ot b1gh streas act1ng 1h a direction 

tending to pull the grains a.part • T eretore, those aetals mich 

are att.bJeot to intergru.ular corrosion are uaual.1.7 eusoeptible to 
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etreea•corrosion cracking; aiid with. few exceptiona the pa ot 
strees-oorroaion failure tollowa the grain boununee • •ob.a.nical 

tallun• due to overloading at room te penture .re opposingl.7 

intr~'Ul.ar and can 118U&ll1 be diatingui eel froa • oorroaicm 

t7P b,- this dittei"doe. 

lnte:r.1n.nulE Oonga:l.91. A tbeorr to qplain the 1nter-

p-a.mi1lar corrosion ot certain tJP•• of heat.-tnated ,Al•Ou alloya, 

wtaiedl ia tnical of aoat all tb• utala, •• developed 'b7 W•bei" 

and DJ.&(28) about 19;0. It 1• based o two taotaa Hret, tb• 

llioroatruo.tural condition ot the allo7 n.• fouad to ooatain d.11• 

orete part1elea preoipitated from. the Al-CU solid solnio11 and 

that p:reoi.¢tation at the grain boundar1es waa in a sore adftflCec:l 

atage than within the gl'ldn1(.3l). second, ia lorid• solutions 

pure al'Wliaua 11 eleotronegat1Ye to UJ17 of i'ta all.0711 (34) • The 

tbeoty advanced atated tb.at there ia a ditterenc• 1n •olutioa 

potential betwee;n the aterial ooapoeing the grailas ud. that COii• 

poa1ag tb.e grain botmdariea, and that tbe direotion ot t.hia poten-· 

tial is to -eauae tbe 1olution ot the aetal at the grain 'boundariea 

to be greatl.J' acc.Urateci. Th• 1olution ot a wry amall amount or 
aetal in pd.n boundarj.ae would p:rooeed rapidly and tbe oo:rroclilag 

solution would be drawn b.7 capillal'7 action f artber and farther 

below th• aurte.ce, following the more aJlQdio graia boundaries. 

Tbia cauaes the ductility and atrengtb ot the alloy to be rapidl7 

deatro7ed • 
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?otential easur.mants or v~IJ;ns .and 0£!\n BoBUdaries. 

Brown, Fink d Msar•(2S) proved tb.at in an il•Cu 4 per nt allo7 

giYen ar\i.t'icial aging (to make it •wsceptible to 111tergranul.ar 

•o~roeion) t.be gi-ain boundariee ot one suwle were anodic t.o the 

grain area• o£: a S&llpl.e fl'O• tbe aaae 1beet, tb.• difference in 

potenti-1 be1ng 0.044 volt. Bl'OW'll made fm'ther studies on thia 

allo7 and found that a dift'erence 1n potential between e grain 

oent•I'• an4 pa:1.la boun 8.1'1•• iii one s ~le a:nraged 0 .. 20 volt. 

'?h••e :Q.Otable exper1aer.ita were pertorud with very uacting teoh• 

nique b wbi either tbe grains or grain bo\Utdariea were eQated 

with Bakelite varniah tor i111ulation ud water-proofing; while 

tO.e other waa exposed to tbe aolution ud its solution potential 

meas~. 

'lhe presence ·of general co:noa1on lessens th ance of cracking 

taking plue. It has beea obaene taat ae the number of localised 

paths of corroaion ff,arting on the eurtaee of a aetal increaaee, 

the time requ1Nd for oaplete failure ie Ultniae 1norease4(6l). 

Exper1aent1(24) haft own at the 1nteuit.;r 01' ~orroaion at 

one point decrtaaea as the nwabet ot corro4ed point• in given 

area inct"eas•s., henc:e ccmcentn.ted attack along a. aiagl• path is 

lesa likel.7 to ooaur 1n the even'\ of general a.ct.ioia. If' there 1a 

sutficient a•eral oottoaion, atreae•corro•1on on.eking may not 

oocur at all • .Another tact.or *1ob lengt.hera.• the tiae to cracking 

due. to a large R\IJIDel" 0£ 8Jlodic path• is the 1111.t.'Wll elleot of a 
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num.be~ of notohea tending to deore se the stress ot any one not 

It ae been demonstrated by photoelastioit7 that e et'nes ia 

concentrated around the ae ot the noto.h(46), and. that tbis 1tr••• 

oonoentration can be ~uced by e 1ntrodueti n or sillilar notcllea 

irJ. the Tic1nit7 or t4e origirJal ao • 

!!• Dole of' §tl"es1. once conoe1ve action hae begun 

-.long a 1e1ectiYe narrow path, it i.a quite obv1.ous at OOlJlPO.nent 

ot tensile at~ea acting noraal to tbe pa.th woW.d set up hi atrea1 

concentration at tbe ba e Of th• path.. The deeper tAe attack atld 

the smallel" tb• ratliua at the be.ate of the crack• the greater would 

be tb stress concentrat1on(l.6). This action e,xposea bare metal 

to further col'l"Otd.on, eiaoe this bare metal is anodic(24) and as 

long as the co&ldition of bi atresa uiata, th1• OOl'rosion will 

continua, aoaelerated, until failure of the metal ooeura, provided 

&%1od1c pol.aJ'ization 1.1 not large. Read, Reed end Roaenthal(64) 

reco•end that ln allofe 11bere no aolution preci.pitation as been 

aur m&rrta indi.-

eatiag that tbe grain boundaries ar anodic allould be oar tullT 
1tcrutin1sed • 

lJ?t•rpal s:t-r•sfee. The stress required tor streas-

con-osion cracking mq ~ internaU7 or e:rternalJ.T appll~. ht•r--

nal stresse11 { alao called •initial•, •locked.•up•, end "residual") 

are produced by cold-workin.g, unequal co6Ung and internal 11truo-

tural narrangnent. iavol\'ing 'folume ohangea<28>. Practically all 

e&aes ot etrea• corrosion e.nco\Dltered in service have resulted 
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'' 

ot atruoturea(6l) during mioh a piece ia bent, etraipteaed, or 

otbenis d•f'o1:"118 • Common e.xamp.lea are 1tre1sea indw:ed b7 inter-

nal at1"\letural obanges, quenching, oold•fol'lling or •sinking• ot 

tubb,g(lO). $tl'e.t••• incbtc.U b7 aa•eabiy inc1wie thoa• froa weld• 

ing,, preea or 8Dr.ink fita, 1fftpp1ng of llb•et to tit a "ructure 

without p:retond.ng,, or the ,joiniag ot poorq titting pa.rte. Tb.• 

•pitude of 'these etre1see can be dete"1iaed b7 tecliou1 pro-

cedure, but except. iii eiaple al:tapea llU uncertainty exiet.1 r.gard.• 

Ug their local 1-teuity u · einotion. 

l!lded ateri!lf. el.dad areae a. V•'t7 au•o•pti'ble to 

etrees•corroaioa oraolc1ag. Slli C69) baa poi.J1t.lld out th•t cracking 

ooove 1n aro•nlde(l .fample• ot 24S alumina. allo7 1n tile •over-

heated soiiet• wbiab. oontd.na enlarged graiu after cooling and 1a 

the •preo.ipitati.011 aO-• oa eitaer .aide ot the •ld bead. Esperi• 

•enta irulicat.e that b.eat•tt'eatitd wel4a ue more he1stant tb.an 

•••welded 1pec1aena. In AM -treated H11pl•• tb.e welda tb.euel v•• 

r cei"f'84 greater attt.ok tban tbe two sone• aentioned above. 

§:Stemy §kt•!••· OperatiDg atr••••• {external) are 

not ordinaril.T dallgerou siaoe ii.oat 4ee1pe apecit7 atreeeea loweJ." 

than tboae requind tor atreee oorroeion to ocour, but tDeae can be 

dec1dedl1 influential en ackled to 'ttle inteS'll&l atre••••(28)(,0). 

Tile apit.Ude of tbe t.enalle 1treas ~ a purel.y extemally loaded 

piece ie e moat iaportant factor contribnting to failure du 

to stresa•oorrosion craol4ug. Frequently, a di.fte:rence of 1000 pei 
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cu mean .th• difference between era.eking within a fe minutes or 

o cr.aaki;lg at all~ Usuall.7 there exist~ a eritioal stress below 

11!hich no eraold.llg will take plaoe, or t which the curve or Applied 

tensile St as vs • Tim to Failure levels off sharply, asymptotic 

to the 'J.'ime axis. the level ot 11 critical &treas diffe:ra be .. 

tweeii alloys and tor different eorros1~ di • It is often stated 

in terms of p r oent yield strengtb.t or simply as tb.e Jlinimum t.n-

sile lftreas Nad otf th• eurve • 

hlg or L&boraton t sts. DS.x(28) and 14adden(59) agree 

t at in order for etrese•oorroeion cracking testa to have "rl¥ pl'&C• 

test conditions must be aeleeted with due repl'd 

to tb.e eemce to 1ik1ch tbe metal td.11 be subjected, Correlation 

between labor41tol"y tests end service del!l&nde le aittteult to obtaiJ:t 

an often requires aeTeral. years. Dix believes- that str ss•corro• 

ion tests a.re warranted 1t tbe7 gi.Ye eatisfa.cto17 results en 

•m.ployed 1n conneation 'Wit.h the follotlin 1 

(l) In determining wbie e.lloy co poaitiona are 
•rkedlJ susceptible to atn&s oorroaion 

(2) FQr allo:ye aueceptiblet in determining th• 
Cabri.~ation conditions required to reduce 
01" liait the tendeno7 

(3) A• aeau ot teOlmical contr l to insure 
proper f&bTioation treatment 

(4) iy comparison of tee-ts ldtb those of metal.a 
in geaeral uee which ha"f'e good eervice 
records,, the use of speeifio allo7s can b 
determizted • 

Importance of Stnas Determination. Apparently, the ma• 

jorit7 of inveatigators qree that atresaes impo ed on the epeci.Jleas 
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subjected to te1ta oulcl be determined, ainoe most of the pub-

11slle4 irlf'ormation includes tenttile stresses in data.. Madden(59) 

agre:es, and aptly baaea id.a atateaents on the facts that atnsa 

greatl7 atfeote e results and that it is au1oept1ble to fairly 

accurate determinatioa. As pre'Viouely brousnt out, 1000 pai can 

be the dittennoe between cracking in a lllort time or none at all. 

ln ordeJ' to deteraine oritical streaeee, tb•ret'ore, t.b.• maximum 

applied atreases ot the aeot1ona teated awtt be known, 

ObJeota ot Streas:Qorroaion grac!dng Reaeft91!. Loose 

and Barbiq(S4) belie'Ye tbat from a ooneideration ot tb.e praotioal 

aspects of interest t.o d.eaignera t•o main objects llhould direct 

•tre1s c:1orroaion. :naearcb. • One is detel"Jlining tb.e loweet oonstant 

atreas at which etreaa corrosion could ~our over an extended 

period Of time (the critical atresa), and the other 1• finding 

tb atreas~tiae ourve under conditions of residual stress where 

creep and ottler raotors aay 1.ntl.uenoe the result• • S.ger, Brown 

and aeare(65) are aore general in etat1ng aiQ of ua•ful 1tre1s• 

oonoaion oraok1ng t••t•. fhe•• are (a) to attldy tb• meohanie 

of the cracking, (b) to aeleo.t au1table aaterial for a specific 

application (from the user•• 'Yiewpo1nt), (e} to determine those 

applieatione in wb.1 a specific •tal or alloy can be eatietac• 

toril7 used (the metal producer•• 'riewpoint). (d) to help guide 

the d.evelopaent of new alloys, and (e) to aerve as product eon-

trol teat.a. Certainly no one teat can satiety all the obJecta and 

it is up to the researcb man to design hie teats to suit his 

1;1pecifio aime. 
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tiR•a ot Loading Used in Teats • For testing, 1peci11ena 

can be itiber int.emally or externall.7 et"ased or a combination 

. •1 be used • ~rn•l.17 applied loads are easier to cont!"ol and 

eftluate<65), and therefore are extensivel.7 uaed. A• tar aa it 

oan be detenined, there are no standard •thoda or equipment for 

1tressil'lg • #peoi118J11, and it would 1ee11 that the choice again 

lie1 with the researcher. In external loading, ~at pieoe1 11a7 

be aubjeoted to either eonatant load or conatan:t det'oraation. 

Con•tant loading• JIWI\ be applied wit.A springs or with 1utf1 .. 

cient quantities of nif#tte, and generall.7 aucb te•t• produoe 

aea'Ul"ate rel\llts at the expena• of hi.git ooet and bulq apparatus. 

Loa.de ay be applied in direct tension o:t a• ill loading eimple 

be•••. ApparatUI required for constant detonation or oonatant 

detleotion, on th• other hand, 11 ineapeneive and aimple in addi• 

t1on to produaing veey goocl ~•ult•. SpeoiaeJ:ls ha'Ye been detlected 

aa oolwma or aimple 'bealla, detoraed. b7 titting them in plac• 

age.Uet eu.ned surf'a.oe1 and in n\lllel'ous other waya • 1J•uall1 tb.a 

atreeee1 can be c.:l.oula:t.a by use of tui tl.ble to!".lllUlae, but if' 

tb•T cannot th• aaximwa 1urtaoe tensile 1t,1'91ae1 are dete:r:mined 

b7 un of electrio 1train P.i••(S4)(S9}(66). ln teats where 'lib• 

appli• 1tre11e1 are within the plaatio range, ord1nar7 fonulae 

do not hold pd strain gape are employed 10 that dir•ct aeanre• 

ment ot atrees•• can be made. strain gage• a.re now widely accepted 

in iru:luatry(l?). 
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§trees•Co;:roeigp OraclUna 9f lames;um Alore 

Pure magnesium. utal haa not been knee to e'treae• 

corrosion oraok(SO) but aen alWlinWI ia allo;yed with it• atreas• 

ooi-roa1on o:raoldng en1111ea. Preoipitation takes place within the 

grain bodJ' and pl'obabl7 also along th• gn.111 boundaries, and 

t!leretore th• tb.eori•• on a\resa•corroa1on oracld.n.g ottenci b7 

f£lx aucl hi• oo•woJ"kera<28H29)(Jl)('1) &1"$ applicable to tb•,. 
allo7a. Ul of the OOllJleroial •en•aiua alloya, except tbou 

oontaia1ng l.S per ce11t Mag&neee, are subjeot to thi• tn>e ot 
craoldag under ordinart ataoapherio oond1tion1(19)(SO)(S4)(S9)(68), 

in the preaenoe of distilled watei"(41)('9) and ·to aooelere.ted 

crackiq 1n tlle preeenoe of laCl (or a2so4) • ·'2cr04 (or i,..cr207) 

aolut1one('4)(S9H6lH6S) ud in .. venl other aed1a(54). 

semoe reaulta according to Loo.i• and Barbiu.(54) indi· 

oate tla&t ati-eea-aorroaion failure• are dl1t ..u.nl7 to re•idual 

atre11•• and not to 11tre1••• applied 4ur1nc tile uae of tile ta}). 

rioatad article•. Boweftr; in aircraft e\l"UOtural mate!'iala, 

ladden09) nporte tbat th• n:reas corroaioa probl.ea i• .. :nou 

not onl7 because ot tabricatiou streaees, bU:t also beoauae of 

higher d•Sign etre•aes which Jl\l•t be uaed in a1rcra.tt • He al•o 

h&8 stated t.bat relu.otance t~ uae certain noupt ugnaaj.wa alloys 

is jut1f1ed by the tact th.at eome i.ave tailed on weatller exposure 

in l+3 to 672 hours wh•n 1treased to 90 per oent Jield atrengtht 

while aluminum allop under tile same eonclit1ons did not fail after 

3600 houra •. 
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qorroaion En"riro!!!fnt. ! _ • poesibil1 ty of streaa• 

oo~roe!on orac-lciq 1a regarded to be a ftm.otioJ,'l of u.a corrosive 

erni.ronn-.at. luoa work :ta.as been don• on w.roqbt aagnaei'Wn 

all07&{19)(1tl)(Sl)('54)(S9)(68), and OJ1ly a Lew aorroein endron• 

••nta,, iDclwliD.g tb.088 naentioned above, haw P,'nm p eitive 

reault1. 

•\mo•:Et!•riio X••b. Atmoapberic-upoeure te•ta ha.Ye 

been extensiftlT ••ployed ( 54) { S9) 1n evaluatini th,• susceptibility 

of magnesium .Uoya; and ~ t;eneral th•7 b.&v• given Teey reliable 

rtaulta('ll). Tb• •in disadvantage of wch teats i• tb.e coa• 

parativel7 long time reqW.'ll'~ tor their ooapletion, but thia ia 

otf eet b7 tbe practical vel.11• of aUQb. te.-tt • lo etaudal'd app•• 

l"atu1 J:ia.1 ~en • ployed and 1pect11ens baw 'been aubJeoted to 

load1 of both t.b.e eonat~~streas and oonetant..O.etormation 

typea(5l)(S4)(59)(65). Teata ehow that both l'\lral and coastal 

expo•un• produc• nearlt identical treae•ti11e o\U'Yea for tne 

eaae allo7{54) • Faotora oontr1but1ng mo1t to raoldllg a.re "atb.•t-

ooruU.tion1. Rain- bi&b hUJlidit.7 and high t.•peraturea ha•• poa1..:. 

tive etf•ots. 

Aooelerated Tt~te. Acceler•ted test1 oolillftonl;r emplo7 

a solution composed of 20 greaas per liter of pOt&$$1Wll chrOJ1ate 

and 35 gnu pe:r liter of sodiUJA oblor14e('J.)(54)( 59H65>. Thia 

•olution normally produces cracking in a ab:ort tim.e men speoi• 

mens are stressed above certain critical •treas or no cracking 

at aU at •tresses sligbtly below t a ~resbold point • It 11 
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Ter7 useful in the ~ve1tigation ot coaercial alloT*, expel'!• 

aental alloys• and in exaa:ining methods of preventing stress ... 

oorros1on oracking(65). Ordinar7 loride containing eolut,.on1 

e111ploy in oorrotio~ ·t~sts f o-:r m gnesiw:a prove.d to be inadequate 

tor stress•oorroeion work because of t'b.• presence o"f lal"ge amount• 
ot general oorrosiori. The roJDate• :in th• aalt•ahroaate aolut1oii 

r nder the met.el. surte.oe paasi w to extensive oorroaion, allow:l.llg 

on1)" looe.lized eorroaion to take pla.oe under the aetion of tae 

· loride. 

l•ctuud,oal P£0Qartt•1. 1teobanioal properties of II&&"" 

nes1um alloys ft.ffeot it• S~l"$•S•dorroeion cracking araeteriatlQI. 

Creep or stre•s relaxation is e raajor .factor whiob. "revente the 

"8.intenanoe or conatant stress i nding('4). the creep 3te1 

are hi er 1a ti.ese alloys than in moat mtructural materials, ud 

the factors nttect:lng this pl'opert7 a.re not well enough known to 

quantitatively account for 1t 1a time to failure to~t• on t.Ae .. 

alloys. Moat wro\18ht magnesi al.1019 ave comprea~v• yield 

strengths lower than th• tensile yield strength a • T"tiereton 1 in 

bending test• in Cich high terisile stresses 11U.St be obtained, 

the stresses on tQ.e oo-.presaion side 0£ the metal will be 

1ti-ained in tbe plastio rang • Ol"dinary torauls.e used for oal .... 

oul ting maximum benliing st::esse1 re orkable only when the 

p1$0e ia atrai.D.ed in the elastio range, and therefore are useless 

en the compressive Ji.•ld st.rengtb as been exceeded. Eleetrio 

i;ttrain gee give direct indioationa of su:r.t'aoe etrat.na, and 'fh•n 
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strains ao obtained are used in conjunction with strese••tl"ain 

curvee, tb.e de ired atJreCIS91 C&D eaail;r be determined. 

test Result!f. Sneral xperiment1(54)(65) on mag-

na1ium alloys h ve produc the follo'iring reault•i 

(l) Bo failures reported in alloy I. 

(2) l•l ia th mos~ 1ensitiva commercial sheet 
alloy o osition; FS•l nm. 

(3) Bo crackihg h s oocurred on FS•lh or tT•lh 
'lhell clad with allo7 1. 

(4) Percentages of failure• ia atmoepheric 
teats are less tb.an the percentages 1n 
aooelerated tests. 

(5) A tenaile etreas ot about 100 per cent of 
tensile Jield strength ia required for 
crackin of FS-1 in salt•chromate teats. 

(6) St Ss•corrosion limits are usqal.17 lower 
in atmoapberio exposure than 1n accelerated 
testing. Also the curree level off aore 
gradually in the tmoeJileJ"io teats. 

(7) T1P s ot loading ave pJ"oduced different 
stre1s•corroeioa l1mit1. 

( ) Jo stress corroaion o used b7 ri•eta in air-
craft •tiuctur&s !o:r exposures of lt reara. 

(9) PaiJ;lt1ng grea ly extSD.ds th• time to oraok• 
ing. Ion-painted non•stress•relleved wel ed 
atructuree failed 1n 5 weeks, similar pai,nted 
structures started to crack after 5 aontbs. 

(10) Speoimene stressed to 100 per cent yield 
cracked wben bare in about 10 da)"B; when 
pail1ted with four•coat system cracking 
occurre in 6 months. 

(11) Rapid stress•corroaion ot J•l aa-welded 
panels (5 eka in rural and 12 weeks in 
coastal). Good protection by painting. 
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(12) J-lll boom ( de from eet), not etress-
relieved, cracked at Tecy tack weld; seam 
welds oracked at rigbt angles to dir ction. 
of welding. 

(13) lo cracking in strees-r lieTed boom after 
8 month • 

{14) fS•lh booms cracked in many places during 
welding. 

(15) s-lll boo , stress relieved, gave no crack-
ing in 8 months. 

(16) In aircraft structuree fabricated 'b1' welding, 
ri'91 ting and boltings 

Aileroniu no cracking after lf years on 
any ot tour teated. 

two failures i one in non-atress•r lieved 
tip section of levator, having 
dio romate treatment and zinc-
ctlro t primer; another on leading 
dge of atabili~er exposed bare. 

Effect ot pH in Accelerated Testa. In aooelerated 

teste(65) o rried out on alloy .All-0578-H (J•lh) atreased a1 simple 

beama to 100 per cent yield strength by dead load, t'be ef'.f eot ot 

Iii on ti e to failure indicated that pH 2 produced failure in about 

2,5 m1Dutes, pH'• or 4 to 12 produced failure in 5 to 8 minutes and 

pH lJ produc no failure in 980 ours. Thia 1nd1oates that when 

tb.e solution is suJ.'fici tl7 sio, cracking is inhibited. Hunter(Sl) 

&Qowed that pB l>,.2 initiated o:racldng 1n about; a tenth \be tiae re• 

quired using pH a.2 at 'Val"ious atreaaes on al.107 J•l. 
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•oat ot the atress-corroaion te ting of magnesium 

alloy1 has been carried out on tile eet metal, although extru-

sions are leo auhjected to high d sign al'ld fabrication stJ'easee. 

The purposesot thie irlvest1gation are {l) to develop em accurate 

but simplified method ot accelerated streas•oorroeion cracking 

testing of nragnesium allo7 FS•l extruded rectangular bar~ 1/8 x 

3/4-ihoh no nal cross section, using standard tension test speci• 

aena hav1ng a two-inch gage lengthJ (2) to determine the e.ffeot 

of pR on the atress~aorrosion oraoldng· limits tor the alloy when 

xposed to an accelerated sodium loride•potassitlll obromate 

•elution; end (3} to determine the aba.raetei-istios of the testing 

method. 

l~ of Inveatisa!ioa 

!be following plan ne used in this inveatigatioru 

s,tra.in-Deflection Oalibr ti2n of the 14!nding Jig. A 

ou:rve of strai~ vs. deflection for a standard test specimen of mag• 

nesiUJn allo7 FS-1 extruded rectangular bar (having a 3/4 x 1/8-inch 

oroas-section), placed in the bending jig was obtained by using 
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SR•4 tn>e eleotrio •train gages and •train ind1c.tor. Creep 

valu s were obt ined during the oalibr tion. 

OJ?Wning the Stress ... Strain Ctln'e. A tensile treas-

train dia obt4ined for 

t ns1on teat, specimen. The accept 

e.llo7; using a standard J. .s.T .a. 
(95) A .s .T .II. procedure n• 

ua.edJ end data were obtain d u*1ng a 10,000-lb te•ting • in.e. 

Obta!J:iipg tQe St:reaq•Q!fleotion CJJ.1"Y!. A stress va • 

deflection ourve wa• obtained tor tb.e range includtng mo•t of tb.e 

str a s ue in inve tigation bf eonel tin •train-

deflection and atraas•etrai curYe • 

?n-e ration of the Test Solution.a. Stock sodiua 

loride•potaasium re te teat solutions were prepared b,y di•• 

olving th ahemie&l1 in di1till wat r. !bi• 1took aolut1on •a.• 
ep rat d into s Yentl sample bottl s and the f each was ad-

justed with ,Orooblorio 1d or a potassiua 1 roxide eolut1on; 

pH adjust nts vt.ried froQ 0.5 to 12 for tl:le different solutions. 

§trest:Oo:rroeiM pracJgps; T9et1. Tbe t• t were made 

to six specimen placed in the ji . After bending 

a specia n the desired defleation• abort section of ll-1111 

glass tubing was sealed to tbe 1peci en at th point or maxillUJI 

deflection with paraffin wax, A corroei ft medim:a of a certain 

pH was plao.cl in t.Ae tube, and e time required for failure. of 

the apeoiaen was 1"8oorded. Several specimens wete run at differ-

ent deflection 1f1 e s solution until the incr &nt of 

deflection (usually 0.010 inch) was found above which craoking 
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would tak place in a abort time (usually l ss thu 10 minute.1); 

or, below ch or eking would not t&.ke place attar an extended 

p tiod of ti (one our or more). 1t11in this incre nt or 
d leotion was the er tieal defleoti n. T e critical point n.s 

determin in terms of applied maximum teneile treas from a 

aurv of aaximum a.pplied tensile stres V's. ti e to failure. 

!he following teri ls were ueed in 11 investigations 

I pesium Bar, S•l Alloz, RectaiieJ.a.r. Extruded.. 

1/8" x 3/4". o surface treat nt. Composition (S) a aluminum; 

3.0 per cent; mangane1e, 0.2 per oezit; sine, l.O per cent; ailJ.con, 

0.3 per o :t (max.); copper, 0.05 per oent (max.); nickel, O .. OOS 

per cent (max.); iron, 0.005 p r cent (max.); other 1mpur1tiea, 

0.3 per cent (max.); gnesium., remainder. sioal propertie•: 

minimum ten ile strength, 32,000 psi; tensile yield. atrengtb., 

22,000 psi; com.pressiv$ yield strength, 13JOOO psi; modulus ot 

elasticit7, 6,500,000 pai; elongation, 8 per cent. Used 1 

stook in cuttiu.g c.d milling of t at epeeimen•. Obtained fro• 

lhi te r. W Rolling and Stamping Co • , Brooklyn, I. t. 
teat Speoimen1. (208). (Cut troll the magneaiwn bar). 

St ndard A .s .T .1. Tenaion teat Speciaen (94) • Diaeneion111 overall 

length, 8 inchea; oro•s aection of ends, 1/8" x 3/4"; cro1a ••o· 
tion of reduced. section, 0.125" x 0.500"; length ot reduced sec-

tion, 2 .. 1/2"; gage length, 2.000•; radius ot curved portions, 
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2·7/16•. Out and milled from rando lengtlls of rectangular FS-1 

alloy magnesium 'bal' 1n a universal milling me.chine by Coma1 

01garette la.chine Works, Salem, Ya. 

rotaaaiua Cbromate. Lot lfo. 1127.32. 0 • p. reagent. 

leets A .c .s. atandard. Used in preparing aal t•c roma oorros1 Te 

aol.utiona • Kanutactured b1' J. T • Baker Ohemical Co., Philllpa-

bu.rg, I. J. 

§qgiu Qb.lor1de. lacktrost line lUn Dried, Evaporated • 

Used in preparing aal t•cbromate oorrosi ve solution•. Manufactured 

b7 lulke7 Salt Co., Detroit, Ii 

401d1 HJ'droobl.9rio. 0. P. re gent. Hal, 37 .o per cent 

(ID1.nillwa) by night. Speeific gravity at fJ:J0 1 ,, 1.1878 (minimum}. 

Beed ia a.king pH aciJustments ot aalt•ahroute solution•. •a.nu ... 

tactured by g • l • duPont de lemoura and Co • , Ixio • , Graasell 

Ohetaioala Depart ent, il.nd.ngton, Del. 

Potaasiwa Hzdrodde • U. S. P. Lot lo. 2143 • Vaed in 

preparing l.542 lf. solution for uae in making plJ adjuetmenta of 

salt•cbromate aolut1otus 4 lanuf otund by J. ! . Baker Chemical 

Co., Blillipeburg, I. J. 

f!:pers. PB. Hydrion A, pH range 2 .. 10 (even) and 

Hydrion B, pB range 1 ... ll (odd). Used for determination of 

approximate pH of corrosive solutions. lade by llio~o Essential 

Laboratory, Brookl)"Jl, 1. I. 

!u• P!lJ:atin. ttEasowax". tJsed in aealing solution 

tubes to teat specimens. Diatributed by Esso Incorporated, lew 

tork, I. Y. 



l!erx Olotb. Bo. 2/0. "Grit•Lok Bond". Used in pre• 

paring surtace of teat 1pee1men • MaQ. by Minnesota. lining and 

Manufacturing Co., St. Paul, Jlinn. 

f!!Bt, _ '?zgon, fti te • Code lo • TP-61. Control lo • 

7154. ttsed tor prot cting portions or specimens from corrosive 

solutions. Jlanufaotured by U. S. Stoneware Co., Akrcm, Ob.io. 

Ac•tlon~. Used as tb.inneJ" for T:rgon paint. Obtained 

from Fbippe and Bird, Inc., Bi ond, V. • 

!ire, Ila.pet, gopptr. Plain nameled. Gauge Jo. ~6. 

Used i .n making leads tor strain apa. llanutaotured by Philadel ia 

Insulated Wire Co., il.adelpb1 ; P • 

Ji.t• geunt. For SR-4 strain &e•· Contentsa One can 

each ot pre-coat cement, c ment, pre-coat solTent and cement sol· 

vent; ooe bru • Used tor cementing strain gages on apecilllen.s. 

Obtained from Baldwin $outb.wark Div1111on, BaldWin tooomotive orka, 

iladel ia, Pa. 

j.pparatue 

'the foUowing apparatus was used j.n tb.is inve tigatione 

S.ncU.ns .Tis. (Ref er to Ilrawing lo • l, p • 43) • Used tor 

applying stresses to teat sp aimens. fhia apparatu was conatruo~ 

as t'ollowsz 

.l 29 ... 1/2•1nch length of 5/8·1n quare steel ba~ (B) and 

the aue length of .3/8•incb round teel bar (Q) vel'e cl~an d wit.ta 

e111.e17 olotb and taok•velded together witb an arc welder. Care was 
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taken to be certain tbat the round bar wae oente~ accur tely 

on the face of the aquar bar. Two 2•1/4-boh lengtlls of l/4 x 

l•inah rectangular steel bar {D) were cut and l/2-incb hole• 

drilled 3/8·1nch from one nd. TAea w re welded to the bottom 

eide of the square bar ao tbat the edge of the ole aa 1/16-inah 

outside the end of the bar. Two 1/2 x .3 .. 1/2•1nch ma ine bolta 

(B) were put through the oles and welded 11'1 plaoe. T•o 30-1/2-

illch lengths of l•l/2 le l·l/2 x 3/16-1.n angle iron were welded 

at eitds, as own in the dr. wing, to two lengths of engle iron 

bent in fon. of a U. The vertical portions of tb a nt pieces 

served aa lega for tbe Jig. 
Holes, 17/J2•1aoh, were centered and drilled in t.be 

borisontal side of tbe end (bent) angles for insertion ot the 

bolts which were welded to the bar. Two l-1/4-inch pieces ot 

17/32•in teel tubing were welded to the lower aides of the 

angles, concentric with the aolea, and were tiled down to al.lo• 

about J/4 inch of vertical JaOTem.ent ot the adjustable 'bar. 

Two l/2~inoh round steel bars (F) 7•1/2 iJl.obea long 

were welded yertioal.l;r to the two lega on one side of the jig, 

witb ceatera 1/2-inab. trom tbe eDd, ao that abo t 6 inches 

protruded bo'f'e the angle iron. Ring stand elampe ( G) were 

placed on these steel bars. 

A one-inch port1on, at the end of eactl of two l/2•inob 

round steel bars, was ground off flat on one side and a 9/32•inob. 

bole was drilled through the flat surface 1/ 4 inch trom the end. 
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A s dials (l:I) 1.'e bolted on to tbese with 1/4 x l•inch stove 

l.lolt and tbe bar pl ced. tb.rou the ringst d clamp. 

The bearing surfaces (the 3/8·1noh round r and the 

low r edge of the long angles) we~ polisbed with e ry cl.otb and 

oUea ao ae to provid smooth bearing eurfac. s for the specimen• 

en subjected to bending, 

Indicators, A!!~· Model 262. Plain bearings. llialt 

0 • 100 wi O.OOl-in gi-aduationa. Limits 0.500 inch, Used 

on bending Jig for measurement ot apeciaan defl ction. llan\lfac• 

tured b7 B. C. Ames Co., Waltaam., Maas • 

Gases, Strain, EJ;.eotric. SR•4, f7P A.•l. Lot llB. 

Gage t cto:r 2 .05 + l per cent • Resiatanoe 120. Used in • aur• 

.bag strain. of apeoiaens for atrain•defleotion data. P\lrohaaed 

from tbe 9ald11in Southwark tli'fiaion, Baldwin LOcomotive Worka, 

Pliladel ia 42, Pa. 

fi!B!, 8'rPP· Olsen. 2•.inch gage len • Veed in 

m asureunt of strain tor streas•11tr in dat • lade b;r Tinius 

Olseu Testing M ohine Oo., ilad lpb.1 , Pa. 

Indig,ator. §traln. Baldwin SR•4 t;ype. Model K. Ser· 

ial ,tlo. D 95374. Used tor· aeaeurement ot strain ot spee1 en• tor 

etr~·def'lect1on dat • Purchased from the Baldwin Southw rt 

Division, Baldwin LocomotiTe orka, lh1ladelphia 42, Pa. lade 

b.r tae Foxboro Co. 

Power Supplz, A•O• Serial Jlo. 70805•9. 115 volts, 

60-oycle a .o. Used as power supply for SR.•4 strain in.dice.to~. 
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Pure sed fro Baldwin Sou ld1¥1n Loco otive 

orks, ladel a 42, Pa. 

teat!Y J1aM e. 101000 lb capacit.7.. Us d in obtain• 

in atreas-etrain t on test ap oi ena • Made by Tiniue Ols n 

T eting Maabine Co. 1 Pbila lprd , Pa. 

R•ot:rometer, f#l. odel 30. Ue d for determining 

pll of corrosion olutiona. Manufactured by Ooleman Electric Co., 

Inc • laywood, Ill • 

'timer, Elegtric •Timt•it". On •teJJ •second indica• 

t on. tJsed in timing abort ti a- o•failure , Purcbaeed tr 

taa Fi er Soientifio Oo. 

flgtplatt. Qectra.c. US v., a .c. !11> 40102. U•ed 

tor heating paraffin wax. Purchased fro tile Fisher Soi ntifio 

co. 
J}!lanoe, Torsion. 610-gram capac1t7, 0.1 ... gram inore• 

aent1. U'aed in wei in,g chemicals. Purchased from e Fi er 

Scientific Co. 

IU;eo•llaneous laborato17 gJ,as@!f!!'!. Used fo'I! prepara• 

tion and andling of corrosion solutions. 

!Ulllng Machine. lo. lS Universal. Co a equipm nt 

Bo. 90. 4•7/8•1noh side mill witb 1-incti faee use • Used i11 

cutting and milling rectangular agnesiwn bar into test speoi s. 

lanu.t'actured by learne7 aii4 Tucker, ltilwaukee, Wis. 
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The metbod ot procedure used in i investigation na 

ae tollowas 

f!rrain•Jl!fleotion C libration of tbe ~1ng lig. Two 

•tandard apeo1mena (A an.d ! for aonTenienoe) were polished in a 

longitudinal direction bet1reen th ga ma.rka to remoTe burrs, 

tr sverae acratcaes, m ine :r •, and au.rtae impuriti s w1 

number 2/0 •• 17 cloth. The p 11 ed surtao s were wip off 

with a cotto cloth sa.turs.t with aoet<>ne. A thin coat of Sll-4 

pre-coat o m.ent was brush•cl on ea epeo men over e polish d. 

surfaoe and given 3 - 5 llinutes to d17. A liberal coating ot SR•4 

ement wae bruab.e over tbe pre•ooat and an S!t .. 4 t1Pe A .. l (gage 

f ctor 2.05 ± l per nt) el ctrie strain e was then mounted 

OTe:r the oe ant ao t tb.e longitudinal ent r line of the etrain 

gage passed thro\.lP tba gage ks and t!le tr8l'leTCri.e csent r line 

w a equidistant from the gage urks • A cork stopper was placed 

so that it ooYeted the felt strip or the atraill gage and a one-

pQund weight was set on the cork. ter the ce ent bee e sticky 

the weight waa re aved and the cement was allowed to air dry tor 

24 our•. Leads were soldered to the strain gage wires with 

aoid•core solder. T' e e leads were e oh pproxilnately 20 in ea 

of number 26 emuaeled aopper wire • 

The bend~g jig waa set Up near a Baldwin SR-4 tJP•, 

lodel IC strain indicator. T e center bar was adjusted to the sero 



position b7 placing specimen A and anoth r epeoimen in the jig, 

one near eaob end, and bringing the center bar up so that both 

it and th pe.rallel angle irons just contacted both specimens. 

!be Alles indicators were set at zero • The leads of apec1men A 

were connected to the poles on the strain indicator marked 

•meaauring gage" • Caution was taken to prevent t.he w1rea fr 

toucbing &117 metal obJeote • Specimen B was placed t'la.t on the 

table and it1;1 leads connected to the "compensating gage• poles. 

Standard. directions aooompanying t.be strain indicator 

were followed tor obtaining the initial zero reading at the bal· 

anced position of the 1ndicator, and in determining the value• 

of the subsequent atraina. 

J;Bta tor the atrain•deflect1on curv were obtained b;y 

deflecting the apeoimen (by ai:mult1.11eously turning the two nuta 

equal amount•) in steps of 0.020 iach, balancing the atrain indi-

cator and taking a reading iD. each step. The deflections were 

recorded to the neareat thousandth of an incb., and the oorreapoad• 

1ng etraina, iD. llicroinobes (millionth•). At higher 1tra1n1, the 

effect of .Qreep or atrees relaxation was enoountered, proguaing 

an unatable reading on the strain indicator, wbicb. increased with 

time at a constant deflection. In such oaees, tb.e initial readings 

were recorded along with a reading taken after tbe.t period of time 

when tb.e increase in strain reached a very low rate (about 10 

lllicroinobea per Jlinute, or less). 'rlt.e ditterenoe between tb.eee 

values was recorded aa creep. })a.ta were taken up to a speoiaea 
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deflection of 0.6.30 incb and plot was mad of llaximWI Strain 

(in s per inch) ••. Specimen Deflection (in ea). '1'h1a curve 

is own in Figure 4, p. 59 • 

Correotipg for Creep in the Strain-Detlection C'W:'V • 

In order to correot th etrain-defleetion curve tor creep, the 

SUJmla.tion of creep up to and includin a certain deflection 1 

aubtn.oted from tAe tinal reading taken at that d tflection. The 

difference was recorded a1 •correc-ted Initial Creep•. Corrected 

values were obtained at each detlection and the oUl"ft was cor-

rected tor creep by plotting tbeae values againat the correspond• 

~ defleotiona, aa ah.own in Figure 4, p. 59 • 

Qbtai!±ig e Streae-§train Cunt • A standard teat 

specimen was lightly polished with number 2/0 emery olotb on top 

and botto between tbe gage rka to remon surtace 1rregulariti a. 

Average width and thickness ot the gage length nre obte.Uled with 

a lllierom ter to the neareitt thousandth of an inch, and tb.• average 

oroas•aectional area ns oalcul ted. 

The sp cimen waa titted with an extenaiom.eter attaeb.ed 

t e gage marks. The specimen was olasped between the jaw1 ot 

a 10,000•paund t.ating ma.chin with more than 2•3/4 inches of 

the ends of the epecimen between e grips • The 11achine waa 

manually operated. The crank ns fitted o the low•ratio gear 

chain and was turned, tor application of tension tmtil the dial 

on the extensiometer indic ted a alight, but positive tension. 
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The dial wae set at zero and after the weight on the machine was 

balanced, a reading of applied toroe, in pounds, was taken o~t 

the chine • The .t"oree was incre ed by operating the crank and 

aetting tbe •eigbt in steps of approximat•l.7 100 pouada, and 

reading• in thoueandths of an in atra.in were aimultaneoual.7 

taken off the gage When the weight waa balanced. T ia 1tepwiee 

operation lfal continued until the applied tensile stress na 

approx:imatel;r 33,000 pli, 1'b.1ch 1a well within e plastic range 

of tke allo7 (yield atrengtih of FS•l, as given in 11terature<8>, 
ia 22,000 pei minillU!I). 

Again creep waa apparent and in order to obtain corre1• 

ponding readings of force and strain• readings were taken ~­

taneoualy wit& ae little time aa possible being lost between 

readings. from tbe data ol;>tained, a plot waa made of Applied 

Tensile stress (pai) V8. Strain (inches per inch) • Tais 111 

ab.own 1n Figure 51 p. 61. Str as, in pal, waa obtained by d1Yid· 

ing the averag cross•seotional area of the reduced section into 

tAe force. Af'ter titting the curve it was necessary to moYe the 

stress axie to tb.e left in order tor the curve to start at the 

origin, since tile first point obtain d wae a positive stre1s 

against 1ero strain. 

Qbtairii:ng the §treas·Deflegtion Ourvea. A correlation 

was made between the atrain-defleotion curve and the streas-•train 

curve, between deflections ot o • .;60· and o.600 1.noh, and plots of 
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Stress vs • Detl otion were made covering th1 range • These ourvea 

are shown in Figure 6, p. 63. To snow th effect of creep, one 

curve was drawn using the original recorded initial strains, the 

o er, using e corr oted initial strain.a. 

l£!paratiop ot the Salt-Q!romate Solutions • twenty 

grau of potaasiwa ab.ro•te (C .P .) and 35 grau ot· sodium ablc:>ride 

were weigbed to the nearest 0.1 gram and placed in a clean 1000-ml 

volumetric flaak. The solids wer dissolved bJ adding about 500 ml 

of distilled water, then the fiaak was filled ~o the mark. Two 

aucb. atock aolutiona were prepared. 

Elaven 200•ml 1amplea of the stock solution were placed 

in sample bottles. The pH of these samples waa adjusted with 

1.542 potassium Jdroxi.de solution 81ld/or 23 per cent hydrochloric 

acid to approximatel;r 0.5, 2, 4, 6, 6.5, 1, 7.5, 8, 10, ll.5 and 

12. fheae ruues were esti118ted with Hydrion pH papers. Accurate 

pB values (to the nearest 0.01) for the solutions re atablisbed 

with a pH eleotrometer. the standard butter solution used, con-

sisted of 40 ml of 0 .11 sodium hydroxide solution, 50 ml of 0 .lJI 

potassium acid phthalate solution and distilled water to malt 

100 ml, and was used in contact with a glass electrode. Adjust-

ments of the pB were made by adding aeid or base, as betore, so 

that the values wotlld be within 0.2; of the desired pH. 

§tresa•Corro!ion CracJgng Testa • T•o kinda of teats 

were carried out • Tbeae can be distingUished by tbe type of 

curves plotted trom the data obtained, whicb. were (1) Stress 
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(uxilllWll teneUe stress) n. Time t Failure and (2) Time to Fail .. 

ure vs. pH (at a conatant straes). The speoiaens were prepared by 

polishing a portion of about one inch at tile oeater wi'\b auaber 

2/0 emery oloth and wiping off the 10011 particles with a clean 

cotton cloth. !wo specimens (A) were placed 111 tbe jig (See Draw• 

1ag lo. l, p. 43), one near each end, and th• adjuatable center 

bar, (B) and (C), waa ni••' until both it and th• parallel angle 

irons contacted tb.e specimens. The Ames dials (B) wen set at 

zero. 

\ The apeoillena were subjected to bending b7 aimultane-

ousl7 turning tile oontrol aute with two end wrenches until. the 

cSefleot1on corresponding to a desired stress as obtained (a• 

taken from th• Stress•Detlection CUrve). Parratin was melted in 

a eaall galvanised t;rq on a otplate. Two and one-halt-inch 

lengtb.a ot 1/2-inch glaaa tubing (K) were sealed with wax (J) 

vertically n th.• peoiaens at the point of aaxi•WA deflection. 

The lower surf ace or the apeoi en adjacent to tb.e center bar was 

coated with Tygon pd.Jat. one-halt m111111ter of the salt-chromate 

olu.tion (L) waa put in each f tb.e tube• t.Qrougb. a graduated 

pipette. The timer a started as soon as the liquid contacted tb.e 

first apeoimeil; the aolut1on waa put on th• second specimen approx1-

matel.7 30 seconds l .ter - When cracking took place, the tia re• 

oo:rded was the moment when the 1'1rat visible crack appeared. 

The speoime s ••X'• removed fl"oli the Jig atter cracking 1JU evident 

across the width of the specimen. Some were left in the jig until 
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they failed oomplete1J. other were relloved ahortl,y after crack ... 

ing began. 

l:1'l to relative)Jt rapid evolution of hJdrogen from the 

specimens exposed to PH 2 and 4, 2.0 ml and 1.0 ml of the solution, 

respectively, were used inst e.d 0£ 0.5 ml samples. After 10 ialn-

utes these were replaced with fresh solution, t 0.; pB solu• 

tions were \laed in 3 ml quantities and e solution wer changed 

every 5 minutes • 

!est (l) was carri out wi ea of the solutione ot 

pH o.s, l.92, 3.91, 6.2, 6.6, 6.87, 7.7, 8.25, 10.25, 11.4 and 

11.85. Specimens were nm 1n dupllo te. The proeedur.t given 

hove for bending tbe specimens was followed • t deflection ap• 

plied to first specimen aubjected to pH 1.92 solution corres-

ponded to a stress well above tbe field strength~ If er eking 

occurred ithin a ort period of ti • (ueual.J.1 less than 10 min• 

utes), sub• quent runs using the same pll were •de at lower efleo• 

tion1, the interval between successive d fleotions usual.17 being 

0.010 to 0.020 in • Tuia rder of runs s made until a deflec· 

tion yieldin no cracking after an extended period of time (gre ter 

60 minutes) was f'ound. T e le.et two runs, in which a specimen 

subjected to one stress produced cracking in a short time a.ad a 

ep&oimen subjected to e. sligbtly lower atre gave no oraoking 

after relatively long period of ti•e, determined approximately 

tb range of the critical. tress. Tbi oritioal range was ore 
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definitely fixed by pplying a deflection half way between these 

last two. 

Two or three oheoks were made af. the "boundary" defleo-

ti ons on it.b.er side of this critical range. The critical range 

determined was an 1.Jl.terval of 0.010-inch deflection difference or 

about 150 to 250 psi tensile stress difference (dep nding upon the 

lllAgl'.litude of the str ss). 

In case the ilU.tial run did not give abort-time failure, 

l rger defl ctions were tried until one did produce quick cracking, 

and the remainder o£ the procedur for determining the critical 

range was eimilar to that given above. 

Curves of Uaximum Ten ile Stress vs. 'l'1me-to•Fa1lure 

were drawn from the data for eaoh pH • These are shown in Figure 7, 

p • 6 5. The portion of the curve symptotie to the abscissa n• 

drawn approximately half Wa)T between th points terminatin tbe 

cri tieal range • A C\lr'V'6, shown in Figure 8, p • 6 7, was drawn of 

Orit1oal Tensile Stress vs. pH, the critical stresses being taken 

as tb.e stre&Bes mid .. way betwa n the lowest which produced saort• 

time oracldng and the highest which. dia not. (Assuming a 200•pa1 

critical range, which was the average, e critical stre se 

determined had a maximum deviation of 100 psi.) 

Test (2) involved stressing a number of speoimens at 

the same detleotion, exposing them to solutions of pH 0.5, 2, 4, 

6, 7, 8, 10 and 12, and finding the time to fe.ilure of ea • Sev-

eral specimens were run at each pH. Tne deflection used •s 0.51.3 
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incb. corresponding to a m&Ximum tensil etr ss of J0,200 psi or 

130 per o nt of the yield strength • This arbitrary value was 

chosen since t was above tone critical etresses determined over 

moat of th& pH range, and would therefore produoe positive reeults, 
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J?!ta and Rfeulta 

In tbis section the data and results of all experia ntal 

work are preaented in tabular and grapllioal tora. Each table 11 

followed by a correJpOllding ourve. 

Table III gi"Na complet data taken while ueing th• 

electric strain gage end 1ndicator tor the strain•d flection cali• 

bration ot the Jig, along with the calculated :initial etra.ina 

corrected for creep. Data for a check calibration are given in 

Table lV. Plots of etra1n vs. deflection. {straino taken trora 

columns { ) a.n (K) and d :flection from c.olUDlrl (A) or Table III) 

are presented in Figure 4. 'fbe stress-strain data for the alloy 

are given in Table V and tbe •treas-atrain diagram ia ehown b7 

Figure S. Table VI correlates stress with defleotion trom the 

data or Tables III and V, and the stress vs. deflection curves 

are presented in Figure 6. The lonr curve baa been corrected 

for creep. 

fable 1lI gives all the data and results of the atreae• 

corrosion cracking tests. t ese data were used in plotting the 

stress vs. time-to-failure curves presented tor various pH value1 

in Figure 7. Critical stresses for various pH values, obtained 

from Figure 7 and from Table VII, are tabulated in Table VIII 

and p1otted in Figure 8. 





(A) 
Deflection 

or Specimen, 
inches 

o.ooo 
0.400 

0.450 

0.500 

0 . 550 

o.600 
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TABLE IV 

DATA AND $SUL'l~S OE' OHECK STRAIN• DEFLECTIOB CALIBRATI0.1 OF BENDIIG JIG 

llSIIG STANDARD TEST SPECilll!li OF lAGBESitll ALLOY FS•l COmwlG RABQE 

USED 
1
I ¢RACKING TESTS (0 .400· 0. ·INCH IEFLEOTION) 

_,.. 
Cfleok Calibration 

Strain Indicator Indicator (I) 
Dial Readings St9ttings Strain Initial 

Strain, 
(B) (0) (F) (G) (H) (J) Calou• 

ID.itial, Final, (l>) (E) lnitial, Final, OrHp, Creep, lated, 
aioro- micro- Rtinge llioro- micro- micro• llioro- micro• 
inches incb.es Ref erenc Extender in es in es i nche1 inch•• inches 
per inab per inch Swit it per inch per 1nctb. per inch per iaab per 1noll 

-
1700 - s 0 - - - - -
1800 - 4 A 8555 - - - 8555 

1820 - 5 A 9575 - - - 9S7S 
1980 lll2 6-7 A 107..35 10867 132 132 10735 

1390 1520 8 A 12145 12270 125 257 12013 

1420 1500 9 .l 13175 13255 .. 80 337~ 12918 

I 

*From Table III, column (I), p. 57. 

Fir1t Deviation 
Calibration* 

(L) <•> Initial Initial (I) 
Strain Strain, Initial 
Calculated, micro- Strain, 
llicro1ncbe1 inch•• Per 
per 1noD. per inoh Cent 

- .. .. 
8541 14 0.16 

9682 •107 1.17 

10771 -36 0.30 

11888 125 l.05 

12806 112 o.ss 
0.71.lv. 
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UBL! v 
TU I.I . •SIB.US Dl'tA 

I& · OU IJJ#I. J&•l* 

AppU4Ml T•ue1le tntb., 
I roe, Stresa, a .. per i.rl • 

l pat 

211 J,400 0.00000 
3"n 6,080 0.00040 
494 7,V'/O 0.0005, 
683 u.ooo 0 .. 0012, 
I01 12,920 0.00160 
900 14,500 0.00205 
983 lS,850 o.002'1s 

1092 17, 0.0034, 
U60 18,700 0,00410 
1210 20,,480 0 .. 0046, 
13 21,920 0.00505 
1'.60 "'''° o.oos's 1''° 25,000 o.00620 
1650 .26,600 0.0011.j 
1750 28,210 o.00860 
1850 29, 0.01°"1 
1950 Jl,,430 o.ou20 
20SO 331050 0.01700 

·~ \eu1 '•et epectMA, ba'f'iDS 2•1noll 
pp.. .td.aaai a flt red id 8Mtio.1u 
•1 th, 0.495 1n., tllloJme••· o.w2 111.1 
area, 0 .°'20 aq. J.D,. 
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!ABLE VI 

DATA FOR STRESS•DEl'LECTIOI' CALIBRATIOB OF BEHDI G JIG 

OSIIG STABDARD TES'? SPEOillEN OF IA.GNESIUTf ALLOI :rs~l 

Straiai tensile Stress 

(B) (C) 
Initial Initial 

(A) a ding, leading (l)) (E) 
Deflection micro- (Correct d) Initial., Initial 
of Spec en, in es microin es (Corrected) 

in •• per incb per 1ncb psi pai 

0.360 8000 7700 27,200 26,700 
0.)80 8550 SJ.SO 27,700 27,200 
0.400 9050 8600 28,)00 27,'100 
0.420 9SSO 9050 28,?00 28~300 
0.440 10050 9500 29,000 28,6o0 
0.460 lOS'° 9900 29,400 28,900 
0.480 ll050 lO);o 29,SOO 29,.300 o.soo usso 10750 30,100 29,600 
0.520 12050 11200 .30,500 29,900 
0.540 125;0 11650 30,800 30,200 
o • .560 13050 12150 .n.,100 30,SOO 
0.580 13.550 12.500 .31,400 J0,750 
0.600 14000 12950 31,600 31,000 

(F) 
Differ-
ance, 
ps1 

'°° soo 
600 
400 
400 soo 
500 
500 
600 
400 
600 
650 '()() 

.A.v.520 





Speo1-n Solution 
••• pB 

l.59 o.s 
161 o.s 
162 0.5 
160 o.s 
158 o.s 
157 o.s 
156 o.s 
92 o.s 
93 o.s 

1-4 o.s 
67 1.92 

68 1.92 
69 1.92 

154 1.92 
129 1.92 
131 1.92 
133 1.92 
151 1.92 
152 1.92 
15.3& l.92 

lJS l.92 
142 1.92 
153 1.92 

137 1.92 
120 3.91 
121 J.91 

70 ).91 

71 J.91 
72 .3 .91 

15'5 .3 .91 
126 3.91 
127 ).91 
128 ).91 
]JO J.91 
132 ).91 
U.7 :3.91 
148 ).91 
149 J.91 
150 .).91 
134 3.91 w 3.91 
144 .3 .91 
145 3.91 
U6 3.91 
138 3.91 
140 3.91 
141 3.91 
136 J.91 
llO 6.2 
lll 6.2 

94 6.2 
95 6.2 
96 6.2 

100 6.2 
106 6.2 
64 6.2 

65 6.2 
66 6.2 

101 6.2 
102 6.2 
105 6.2 
108 6.2 
104 6.2 
10) 6.2 
47 6.6 
48 6.6 
49 6.6 
53 6.6 
S4 6.6 
SS 6.6 
~ 6.6 
57 6.6 
58 6.6 
41 6.6 

42 6.6 
46 6.6 

59 6.6 
60 6.6 
61 6.6 

9-12 6.6 
.31 6.6 
73 6.87 

74 6.87 
75 6.87 
87 6.87 
62 6.87 
63 6.fY/ 
98 6.fY/ 
'19 6.87 
99a 6.87 
50 7.7 
51 7.7 
52 7.7 
J.J 7.? 
44 7.7 

163 7.7 
169 7.7 
164 7.7 
165 7.7 
166 7.7 
167 7.7 
168 7.7 

lJ-16 7.7 
112 8.2) 
113 a.2s 
114 8.25 
76 8.25 
71 8.25 
88 8 .25 
97 8.25 

107 8.25 
ll5 8.25 
ll6 8.25 
117 8.2S 
ll8 8.25 
12S 10.25 

122 10.2S 
124 10.25 
123 10.25 
119 10.2.5 

78 10.2S 
79 10.25 
82 10.25 
83 10.25 
84 10.25 
90 10.25 
91 10.25 

17-20 10.6 
36 11.J+ 

21-27 11.4 
172 11.85 
171 11.IS 
l?O 11.ss 
80 11.as 
8l 11.as ., 11.85 
16 11.85 

!ABLE VII 

WA ill> RF.Sm:rs ar srRF.S&-CalROSIOI CR.lCillG TF.STS 

OS IU.Glll.SIOI ALLO! FS-1 IB SAL!-cml<llATE SOLU'fIOI 

Initial The 
llu1llm IXpoMd 

l>efi•otion !euile !1- to Wit.bout Reurka 
of Speoi.9en, stnas, Failure, Failure, 

inala•• pai llin. ai.Jl. 

0.780 32,600tt 1.5 Yicoroua 1!2 nolution 
0.7)0 32,150* 5 
0.720 32,0SO* 180 • 
0.700 .31,900* - 60 • 
0.640 .31,200* 60 • 
O.S60 30,SOO 60 • 
0.540 .30,200 - 60 " o.m 29,800 180 • 
0.513 29,800 180 • 
0.243 ** 1800 lig nerloaded (27 •pecimna) 
0.513 29,800 8 Slight detlecticm ot adjuat-

ahl• bar 
0.513 29,800 18 • o.m 29,800 38 .. 
0.513 29,800 ).7 
0.440 28,600 ).0 
0.4/ll 28,600 15 Saall craou •Yi.dent 
0.420 28,200 4.0 
o • .uo 21,950 4.s 
0.4].0 27,950 3.5 -
0.410 27,950 3 Specimen .Ro. 153 n.a deflected 

to 0.410 in. 
o.;.oo 27,700 SS 
0.400 27,700 25 
0.400 'Z'//100 - 25 -0.380 rl,200 600 
O.S?S 30,?00 2 
O.S)O 30,050 2.5 o.ru 29,800 23 Slight deflection ot adJut-

ahl• bar 
o.ru 29,800 24 " o.m 29,800 4 • 
0.513 29,800 2.7 
0.'80 29,300 1.5 
o~ 28,950 2.0 
0.440 28,600 J.O 
0.440 28,600 .3 .o 
0..420 28,200 4 
0.410 27,950 '10 
0.4].0 27,950 70 
0.4].0 27,950 5 
0.4].0 27,950 6 -
o~ 27,700 5.S 
0.400 27,700 2S 
0.400 27,700 l3 
0.400 27,700 100 
0.400 27,700 40 
0.390 27,450 7 
0.390 27,450 100 
0.390 27,450 100 
0.380 27,200 660 
0.557 30,450 1.5 
0.557 30,450 1.5 
o.m 29,800 3 
0.513 29,800 l 
0.513 29,SOO 3 
0.513 29,800 3.7 
o.m 29,800 1.5 
0.500 29,600 20 1\11119roua crack1 detected after 

teat, w1 t.b 24lt llicroscope • 
0.500 29,600 4 
0.500 29,600 20 hmeroua cracks detected an.r 

teat, w1 th 24x aicroacope. 
0.500 29,600 2.2 
0.480 29,JOO 2.2 
0..480 29,)00 2.2 
0.475 29,200 50 
0.465 29,050 300 
0.450 28, 750 - 1000 
0.550 30,350 5 -o.sso 30,350 4 o.sso 30,JSO 3 -
0.52S 30,000 10 -
0.525 ,o, 4 .. 
0.525 30,000 7 
0.513 29.eoo !t -o.m 29,800 5 
0.513 29,eoo 5 ... 
0.500 29,600 2640 •inute oracles deteoted alter 

teat, with 2.4x aicroacope • 
0.500 29,600 4.s -
0.500 29,600 25 linute crack• detected after 

teat, with 24x microscope. 
0.500 29,600 ?O -
0.500 29,600 5 -
0.500 29,600 9 
0.260 ff 85 
0.243 .. lSOO 
0.513 29,800 - IJJ Iii.Dute oracka detected after 

teat, with 24x aicroacope. 
0.513 29,800 14 o.m 29,800 7 -
0.513 29,eoo 13 
0.492 29,500 - 150 
0-492 29,500 150 
0.450 29,750 720 
0-450 29,750 720 
0.450 29,750 '720 
0.'550 J0,.350 12 
0.550 30,350 3 -
0.550 30,350 12 
o.soo 29,600 JJ/l -
0.500 29,600 2640- llinut• craclca detected after 

teat, with 2.4z aicroacope. 
Gal.vanic corrosion at center 
load. 

0.432 29,500 s.s 
0.492 29,500 4.0 
0.480 29,.300 180 
0.400 29,300 180 
0.480 29,.300 180 
0.470 29,150 lSO 
0.470 29,150 180 
0.243 ff 1800 
0.557 J0,450 ).) -
0.5)0 .30,050 2.7 
0.520 29,900 l.S 
0.513 29,SOO l? 
o.m 29,SOO 3 
0.513 29,800 720 One small crack visible. 
0.513 29,SOO 30 
0.513 29,800 50 
0.513 29,,800 2 
0.1+90 29,450 .) 
0.475 29,200 510 -0.$) 28,950 720 
o.sss 30,800 2 - Very small amount of arurface -- corrolilOD. 
0.57S 30,?00 2 - • 
O.S60 30,soo 2.2 - ft 

o.sso 30,350 160 • 
O.SJO 30,050 130 • 
0.513 29,800 1980 • o.m 29,800 1980 • o.m 29,SOO 720 • 
0.513 29,800 720 • 
0.513 29,800 - 720 • 
0.513 29,800 150 " o.m 29,800 180 • 
0.24) ** 1800 
0.600 31,000 180 Ro nrtaoe corrosion. 
0.243 ** 1800 • 
0.790 32,600* 60 • 
0.75" 32,300* 60 • 
0.?00 .31,900* 60 • o.m 29,800 1980 • 
o.ru 29,800 1980 " o.m 29,800 720 • o.m 29,800 7i1JJ • 

-teuile St.re•• extrapolated hea Hpn 6, p. 63 • 
HT-il• atreu ftl•• at d.ip 1a streu-Strain CVW, the~ore not dependable. SM 

Jipre 5, p. 61.. 
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'f!BLE VIII 

THE EFFECT OF pH Olf CRITICAL STRESSES FOR STRESS-OORROSIOB 

CR.tOKIBQ OF JIA.GBESIUJI ALLOY rs-1 El!RUIBD BAR 

II SJ.L'l'-ctilOIATE IEDIW 

Solution Oritical Stress, 
H psi 

o.s 32,000 

1.92 27,900 

.3.91 27,700 

6.2 29,300 

7.7 29,350 

8.2S 29,200 I• 

10.2, 30,)50 

ll.8S 32,600 
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Sample Calculation 

(l) Calculatiou of 1tra1n fro atrain indicator readings 
and .. ttinga (see Table III). 

Strain (in m1croinches) = I+ (~ • t;_)lOOO + D2 - D1 
where X = a oonatant for oo.ange in range extender 

1witch setting (for a cnange troa 
0 to A, I =+945S; fr 0 to , I= -9455) 

1= Initial ret rence 1witch setting 
a2 =Fin 1 reterence n1 t setting 
Di= Initial dial :reading 
1).,2 = Final dial reading 

At Detleotion ~ 0.280 inch: 

I =- 0 tp A =+9455 
i=6 
=2 s=60 

»2=760 

Strain =+9455 + (2·6)1000 + 760 • 60 

::: 9455 - 4000 + 760 - 60 

Strain = 6155 llieroinche1 

(2) Calculation of initial 1train, c&lcul ted (or 
corrected). (See Table III, .aolwm l). 

Initial strain, calculated (in aicroin ea) = 
Final atrain (column G) - c\111Ulative creep 
(colUllD J) 

At a Deflection of 0.280 inch: 

Initial strain, oa.loulateci = 6185 - 109 
= 6076 aieroinohea 

(3) Calculation 0£ tensile stress • (See Table V) • 

Stress (pei) = Appli load (lb) 
Cross-sectional Area (eq in.) 

For an applied load or 900 lb: 

Stress= _.2QQ_ = 14, 500 pei 
o:o625 
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IV. DISOUSSIOI 

~. lendiy Jig 

Apparatus Requirements • As in 8JJ7 innetigation, the 

objeota of this work deunded oertain requirements u the deeign 

of the apparatus • t e two main requireJll8llta to be aet were, first, 

that the tensile atreaa applied to a 1peoi•n be nriable over a 

wide range, and aecond, tbat this applied stress be measurable. 

other requiaitea were (l) that an inert •terial of conatruotion 

or a satia.faotol'f prot•otiw coating be used for the apparatws if 

total immersion teata were to be made; (2) that 1:he jig be capa-

ble of handling several teat pieoea at a t.iae, since approximately 

200 specimens nre to be tested, excluding nuaeroua trial teat 

apeoimena1 (3) that loading the jig be siapl.1.t'ied as auah aa 

po1a1ble; (4) that atrese.-oorrosion oraoking ot a epeoiaen be 

detectable at the aoment it oaour-red; (5) that the varii>ua tao• 

tors atf'ecting general corrosion be controlled, Tis. temperature, 

velocity and aeration; and (6) tAat the •te~al of construction 

be sturdy enough to withatand the .foroes developed. 

l,ending vs, Direct Tepsion Methods of Streeainl. In 

order to meet tile two main requirements it waa at first thought 

that stresaing t:Ae pieces in direct tension would be aa.tisfaotory. 

'fnis method; h01rever, would involve bulq and burdenaoae apparatus. 
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For itlstano , a single specimen of It'S•l alloy loa.decl to its Jield 

trength of approx! ·:tely 22,000 psi would require a total foroe 

ot about 1,400 lb. Loading with dead weights would require l,400 

lb of we1 ts or n equivalent quantity in caae a syatem of levera 

was emplo7ed • Spriq loading woul require a heaVJ frame a well 

as a large pring. Construction of quipment to supply such loads 

was imp:ra.Qtical, sinee only one or two apeoiaens could be tested 

1n each unit. On the otber and, $Ubject1ng the pieces to bending 

atreasee held much in ite favor; sinoe the problem of bulk7 appa-

rat.us oould be eliminated, nwaber of speoillens could be teated 

at the same tiae, and tbe method of loading the apeoiaene could be 

made rather simple . for these reasons the bending tn>e ot appa ... 
\ 

ratua was decided upon. 

Qr1Pn!l J}!ndi;!K Jigs . T e beading jig which was used 

in ttlia inYestigation waa constructed only after a.other t;ype •• 

tried and found to be inadequate • T e original 618 was designed 

tor 'bending tae specimens under axial end loads. It was to be 

adjustabl• so tbat 811.1 degree of tensil etre•s lli&bt l:>e applied 

and to be eu1table for 1uers1on teating. .la ehown in DrawiJll 

lo. 2, p. 71, the jig was constructed of two pieces ot angle iron, 

between wb.ioh the apeoimens ••re bent, and two, 1/4-inoh rode 

threaded at one end and plaoed tb.roug,b snort lengths of 1/8-incll 

standard galvanized pipe, wQich were welded to the angles at 

90°, and par llel to each other. The unthreaded ends of th• rode 

were welded to the pipe; the threaded ends were left free to move. 
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The welds ••re gxoound off nooth on a grindi.n.fJ wh• l • Nuts were 

scr wed on tbe rode to adjust the apan diatanee betw en tbe v rti-

cal ta· es of tbe anglea. Six of' the e f:ramee wei-e made. Eacb wae 

given an acid pickling treatment of 30 minutes in 6 per oent by 

weigllt h7droehlorio aoid at 120° r., .followed b7 llaewa.ter and 

tap water dipa, drfing with a cotton cloth, and final dr1inl over 

a otplate. 

pea1unment of Stn•B in Original Bending Jig • Wilen 

t.be original JiiS were oonatruoted, it 1 ought th t th• applied 

aa.xiltUll tensile atres of a specimen, bent to a 1mo11D def'leotion 

or spaa diatano , oould be calculated -1th a auitable torraula. 

All 01'd1lla17 formulae, owever, are based n the aeaumption t.bat 

the material ia 11treaaed within ita elast1e limit, 'Illich waa not 

tlle ca e ~n this investigation. llapea11111 al.1011 are ditf erent 

from. nearl,- all o er elloya in that aoet 0£ their compreasiTe 

yield strengths are considera.bly lowe~ t.b.an theil" tensile yield 

etreng • U' FS•l allo7 has a tensile yield trength of 22,000 

psi and. compressive yield atrengt of 13 ,000 psi (minima) • Thia 

would an that, in bending, the inner surface or a piece could be 

strained wi tb1n the plastic range whil .e out r surface waa 

still stressed within ita elastic limit. Suqb a coadition was 

expected in this work, since tensile stresses approaching the 

,.teld. atrengta •re anticipated • Therefore, ordinary formulae 

could not be employed for calculating the applied atr ssea, an 

a direct measurement was required. 



lie our ent of bendin stresse , due to axial loading, 

depend upon Tery exacting conditions for -.oour&Qy. Slight dis-

crep@eie tween tAe }ilysi al cone.ii tion of two similar test 

•peeitnens ud the Wa'l' they are placed in the bending jig have a 

magnified effect on the 1'$sult1ng maximum stresses. In th origi-

nal Jig, it was difficult to put e• specimen. ·tween the jaw• 

in. ex, otl.y the ea.me manner without adjusting the• after bending, 

since the ends were not securely held til a fixed position. Aleo 

e jigs were not de with precision de3i~ed, nor were the1 

:ma.chin ; the jaws were not exactly parall 1. en jigs 

were loaded ldth tbr specimens, the rod tended to bow alightl7. 

It was d aided tbat all these faetor would bring about rroneous 

and inconsistent results. 

B. froteotive Coatings Jlsed op. Ori~ Bending Jig 

SiliP-one Treatmen). Five of tb.ese jigs were given pro-

tective coatings ot AO per cent bJ weight 00 804 silicone resin 

in toluene, containing 0.30 per cent cobalt napllt.D.anate dryer 

based on the solid r sin cont nt ~ T e silicon treat ent con-

sisted of applying tbree brush coats of DO 804 resin to all por• 

tions of the jigs except the threaded . ends of the rods • Tb.e first 

coat was thiDned to 20 per cent resin by weight with toluene, so 

that the resin would b.pregQ&te the tiJll' crevio s end pits which 

were present in tb.e metal after grinding the welds and pickling 

the surface • Each coat was followed by a 4-hour air-drying peJ'io 
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and 16 to 20-hotU' baking period. iJ1 an int:n.-red dry.lzae OV'ea .. 

fhe pprOXimate temp rature in t.ba oven, as measured by a bi• 

m tallic ston tb.&J"llometer placed abov'& e s~eci ens and inside 

the dryer, was 45\P 1. After baking, tlle .first coating pu.t on 

the speeimen appeared to be oo~tinuous Vihen viewed under 

stereoscopic miorosoope (24X). However, the seaond coats would 

not completel1 wet the surface, leaving voids of l/16 t l/8·incb. 

in diameter, with tbe first coat xpoeed. Since · e urt oes were 

kept perfectl7 tre fro gr se, lint axi4 otber onta.minants, the 

non .. wettug etfect was probably due -to laok ot surta.oe adbeaion 

between the po~rized sillooae •urtaoe Qd tb• unp l111enzed 

liquid resin. It was alao notioed that tile aur£aees. whicb. were 

expo- normal to the clireot re.r-a ot the lamp 1n th oven were 

lso those wlt.ich YOUld not take continuous seeon.d or third e.oate. 

,lt seems possibl tbat these s'IU't'aoes could have received a higler 

degree of pol711erizat1on du.e to a higher temperature existing on 

them becau&e of tbe perpendicular expe>SlU'et and that this more 

bigbly baked portion would not otter a suf'ticient attr-.etion for 

acltlerence of tile liq'tlic:l. 

lliOll J:mtm.eat. Th• sixth Jig was given three brush 

coats of the "'l'7gon" paint • 'fbe first coat was thiuned to apprm-

mately 50 per Otl:lt by we1gj.lt of t.Se original paiAt (as reee;t.ved) 1 

and tb.e other two were thinned to approxlmately SO per eet. An 

air-drying period of' about l to 2 bours was allowed between 

applloations. 
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§olutiop. lben ree specimens wore s rung into a coated jig and 

the j1 w a exposed to a medium of 20 gr ms per liter of potassium 

dichro te and 35 gr per liter Qf sodium chlor1d (pH approrl-

matel7 3) or 24 ours at a te erat or 125° F • , none or the 

coatings h ld up satisf ctorily. The silicone co~tin , er 

exposure, w r at ected to suo an xtent that t e top ooat could 

be flaked. off wi. th e fingernail. T is indicated a a.in the lack 

ot a sion between succeasiv co ts ot e resin. 'fbe se coat, 

tor ta DlOat part, oul.d be oved sily with a. knife, alt ough 

in some portion a erenc:te wi the te.1 wa Yery good. It ns 

obvious tb.at e solution had penetra.t the coatings, possibly 

thro tiD.T pinholes whioh could not be deteoted under micro• 

scope. The force ot th specimens gainst the jig broke the coat• 

ings, causing subs qu nt gplvanio corrosion at the ends of' e 

specim ne • the Qoatiugs appeared to· be dieeolored, eapeoiall7 

at the areas where the:y oould e sily be tla.ked off. 

Beetste.nee ot tbe tlgop Qoatingf to a Sa;:tt•Dicbromate 

§olution. '?he !,ygon coatings al o discolored, yell wirlgt 

indicating aom.e absorption of e solution. The to tion ot 

blisters ranging from about 1/8 to 3/ 4 inch in diameter wa appar• 

nt on the T,ygo:n""Ooated :tram s • Thi was probably caused bf some 

aeetone '1l maini.ng 1n tbe paint due to incomplete drying. The 
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specimens aad brolmzi through the coatings, but a eoe.tiag applied 

at these oontaot •ur£aces prevented aDJ" galvard.a action. 

the sUioone coatings were scraped oft the frames, al!ld 

the trames were then giv-en tllree dip coats ot "T7gon" paint. 

s.ix-hour air dJ'1ing was allond bet.ween ooata. Stripe ot 1/16-
inch L-uoite sll•et were then attached. to the angle irona (witll 

acetone) to aot aa bearing autf-aces fa-r the IJP$Oimene,, 'fbeu 

coa.tu,e beld up very well again#t ijlae .ealt•diohro•te solution, 

but the pressure of tile specimen toroed the Lucite out ot posi-

tion. the plastie •• also toe aott to provide u adequate 

bearing eurface, and would not stand up uader oontinv.ed t.11• • 

§J!emio!l fl.~gistan~e ot !aljura •ana• . Still anotheJ' 

speci1Ua holder n.s oleaned of' the sillc•ne ooat1ng u4 gi Yen oae 

dip coat of Ve.l.d\\r'a ttSarva• corrosion•resiatant bla"Ok pair>.t and 

allowed to air dJ7 for 72 hoUJ'• • this offereti poor resiatance 

to tbe salt.•dicaromate aolut~ori and the ce1>ating brok~ down in 

il4ny plaoes • The coating became hard &:id br1 ttl• &t'ter drJi,ng1 

cx-a.c:ld.ng 1n ma1>,1 places. 

C. §9leotion 9f. !Qe l:i;Ml. M•th!4 

Jeasgs fglt RJ..scading tb! Origipa! 1!G4od. !he reasC>na 

tor discarding the origltlal method of testing an.4 selecting s-. 

ether tn>e of apparatus have bee• disOU$Sed. 1a the tore,Qillg pa.r•-
graphs., The7 may be summ.ed up .as tollows; 



1. the 31ga laqked the precisie required tor 

aeeurate reeulto in axial loading~ 

2. Prote~~ive eoati~g~ that were ueed did not hold 

up well in the few teats given the • Bearing .l\U"faees, 

·:part1eularl7, were eul>jeet to coating failui-e • 

; .. The Jigs were not stul"Cly enoup tor O!l>ntin\ted 

teat111$. 

B1a~on1 ter S.l•gtin.B the .~ Metas>d. &ince the or1g1• 

:ual method of t••~ing had 1-en proT ·l\ iaadeta.ue.te, 1t n.11 neeassary 

to d&'ri$e some otlae~ tne: of ppan.tus and •tb.o4 of procedu.re cioh 

would produce aeeunte results. Ui diffiou.lties bb.erent 1il the 

tlldal•loadi•g '16thoda ot streasiag could be eliminated 1)J eubjeotbg 

t.b.e spa imens to trannerae loads,. so it ns deeid:ed that the latt.er 

twe ot loading would be used ~ Variable a~as could ea&il7 b$ 

appl1$d to a specim~ by loading it at three pQil\tJ with, ,_ ad.just .. 

able center load anti two fixed end loads. this wouJ.d el.so bold the 

specimen ecurely in po11itioil wb.Ue tests were being carried out. 

A111es indicators could used tor •eas\U"ement of denection, and 

with the use o£ an eleetl'1o strain gage attauea to the points 

ot uxifilWll atreae, a eurve of ttrain vs. cle.t'leetion :0ou1d easilJ 

be plotted. Correlation between tb!$ om;ove an.d a tensile streas-

etra1n curve for the alloy would giv a direot relaticnahip be• 

tween any indica'ted deflection ud tile applied stress. the prob• 

lE;m of protective coatings eould be ellmiaate4 bJ providing :no 

conte.ct between the corrosive medium NJ.d the 31g itself• therefore, 
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it was decided to contain the corn> ive •ediu 1n a eb.ort piee 

of' glaas tubing sealed to the specimen e.t the point of lllU'imum 

tensile etress. 

D.f .I_,_......,. ......................... ......,......_.......,..--........ __..._.....,... ........ ~ 
De Final Bending Jig. t e Jig used in carrying out 

the stress-corrosion eraoklng teats aened its purpose ver:1 well. 

$pec1 ens could aily be placed in th• Jig @d al.moat iramediatel.7 

be giTen the d•sired streu. It is believed that the jig can be 

used :tor t.eeting thin auples of U1" metal o:r al.lo,- micb does 

not require a large Tolwae of aolution tor ita tests. One d:lf'ti• 

culty was enoouatered in tb• operation of tbt jig.: th adjustable 

bar was Aot beav,- 9110\ti:b to relJist bending w:t:aen loaded with more 

than 111.a apeoimens, three placed near eacm end. Also, there waa 
) 

a alight oonvergenoe between e two angle il'Ofle, and between tbe 

angle i:rous and the adjuetable bar.. This, .owever, was not tbougb.t 

to be ae:rioua since d11pllcate results c:ould be obtained by teating 

.epeoimens near e1tl:le:r en<l of th.e bar. About seven inches of the 

bar at the lett end al.oped Upward, approximatezy 1/8 iach, and 

th11 portion of tlle jig waa, th ref ore, useleas. It is believed 

that welding oaused this bend in the bar. 

Advantages of IJ.miting the Solut:lon•to•Retal Contact 

§Urfaoe • the adYantages of localizing the oorroaion as was done 

with the glaas tubta in ·ttais :Lnvestigation are believed, in f1nal 

anal.7sie, to outweigh the disadvantages. The method, however, 
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would not be reoomtnended for tests of sur.taoe oorros,3..oJI)... 'l'he 

d'ft.D,tagee a..l"fH 

(l) qontitlement ot the corrosive aotion to the area 

•t 'Whiola tb• streH is knotm. 
I 

(a) Proper se.leetion of tube ~ter can keep the 

edges oat ·of contact with tae liquid. Jlle 'to the bending, 

the outer sttrtaoe or the spe~d tnt become concave, causing 

an \ttllmown cQneentx-at1on Qf stres on the edge fibers • 

(l) le ehanae of a hi.ail ttnes dit'.ferent.ial causing 

ecoel.ented. ~or:rosi.on can exist, eino• tht fib:rr in th.• 

..apo$ed area ate s.ll subjected to Ye'f7 neai-17 the same 

stress. 

(4) OJ"aold.».g eu nad:tl1 be det ctad at tlte outset, 

and 1't$ pl"OC:edu:l"e ean be watohed. 

('5) El..imiD.e.tioa of protective. .coatings ,equtre4 on 

the ben4ing aJ>pantua. 

Joee1bll P1sadV~tasea ~t ... Liltd tag :the Sclution .. ;i;o·M!l 
Oon:ff.et ,§urtau. Som& 0£ th pos19i\>le cllse.dvantages of the t1nal 

m.etaod are diseuss.e4 below; 

(1) lt!ok et . veloai tz epn~rol. In the aoceleratu te1t1 

the rate of ~opn evolution was higb With solutions llavil'lg pi 4 

md below; less, 1'1th plI between 6 and 81 arid elmoat ill, for pH 

a.hove 8. the velocity of the UqUid 

gen gas evolution, al:tl\ough oon.vection current.s •1 have given a 
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alight motion to the apparently quiet solutions • It is not be• 

lleved that velocity is a oontrolling taotor la stress"'"Corroaion 

cracking, ai.nce on17 tbe minute quantity of metal at the base ot 

tlle crack is attacked in the process, and that •e separation ot 

the grains takes plaoe, bare metal is oontiauously expo$ed ~d 

corrosion proceed•. It is belieftd that some degree or sot1on 

of the liquid is necess ry for or•ck1na, but t.bat the m1a1llUll 

Yeloeit7 required 1s extremel;r low. tb1s minim.ua flQw oan 

possibly be initiated by tb Ul0Ye111ent of the metal as the crack 

ope.na, OI" bylaydrogen gas bubbles paasug up tbrougb tbe crack. 

Velooity in the bulk of the solution would not nece1saril7 dis-

turb the portion contained in tbe eap1llary of th oracle. It 

appea'r• alao that the degree of atreas and the nature ot the 

•elution are so great in oontrolli?lg suaoep'tib1llt7 to cracking, 

tilat the effect of velociiT ia thereby minimized. Another point 

is that a quiet solution would produce leas chance tor formation 

of concentration oelle tban would one 1n motion, therefore in .. 

creaaing the slU'face corrosion whiob would deeraaae the poesi• 

bility ot atress .. oorrosion cracking. 

(2) .L!ck ¢.\ eoptroJ. o( 5eratio~. The d1asolved oxygen 

content• of e solutions were unknown. It is thought that they 

were near saturation since all the solutions were shaken dtll'ing 

their preparation.. The samples were run into tlle tubes with a 

pipette (for the tests) and air was mixed into the liquid at tbat 

time also. Botrevert the1 may b.ave been sl1bjected to temperatures 
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high enoUgh tc cause a loss 0£ 0X7gen during the time between 

preparation o.f the solutions and the teats. Oxygen would hardly 

t.tteot the <'On"osion in the solutions of pH 8 and belO\t, -1.nce 

hydrogen in t.lleee solutions is readily dis.charged aa gas. llthougb. 

aeratiorJ. greatly stilllUlates moet corrosion, it as practically no 

eft•et when sUfficient caromate is present to inhibit(9b}, sine• 

the chro t ion e.cts aa a hJdrogen acceptor. From these re.eta 

it would ••em that testing in an Q:aerated aoluti&.'O. b.as more merit 

than testing in an &er ted one. 

(3) ~· teaks developed between th• wax seals, at 

th bases ot the aolution•eontahling Tie.la, and the teat apecimena. 

This occurred after extended exposure (15 hours or mo~) ;oegardless 

of the pH ot ttie solut10t1 • 

(4) Low splution•yoluuia•to••etal•surfaoe•ttes ratio. 

A• in the oaae of velocity, tbe ratio is believed to 'be uni:mportant 

ere the aolut1on pR is J.91 or higher, 'because of the small pJ1ouut 

ol corrosion products present to contaminate tb.e solution~ Be.t'o:re 

the te.-ta w•re ade, this wa.e somewhat proved by wiping a ta1n film. 

of the 6,2 Ji{ solution over a ~t"sse pecimen; cracking of tbe 

piece took place in lesa than five minutes. Aft.er extended periQd• 

of time, however, the small volume of solution lmS eertainly in-

creased due to evapoJ:"ation. Thia latter condition mi t ve dis-

torted aome ot the results • Surface cor:roden produote did Conte.mi .. 

l'l&te the s~lutions of pH 1.92 and 0.5, x-equiring frequent additions 

of fresh solution. 

( 5) If!ok or cloee t•gerature cont£gJ:.. ill tests were 

carried out at room temperature, which was so0 .:t ;° F. No information 
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or data indicating the effect o:t tempenture 0£ tb.e salt...chroate 

teats was .found in tihe lit•rature(6o)(6l)(7l). Ion of th• pre• 

rlou• 1nveet1ga.tions were also carried out at J'O.om temperature, 

althottgb. the temperatures were not giTen. 

Effect of General Corrosion. Geaere.l surface corrosion, 

as dieti,nguiehed trom etress•corroaion crackin!h had a detini te 

etteot on r•ilardilig tb.t pJ>Ognss Q£ Cl"4l0king. ~ome ot the speci• 

mel'.)a which allowed no visible s1ps of craokiq i\U'ing the run• 

and were recorded in tbe data ae not tailing~ nre later eX.aabaed 

under a 24x atereoacop1c aicroeoope and round to contain nuaeroua 

rainute craoka, all perpend1oular to tbe direction ot at re as. In 

•TeX'J case the atre11 was above the critical for the respective 

pB. Surface corrosion ns also present,. mainl,7 looaJJ.zed along 

acratehea caused by tb• longitUdinal poll~ Wore testing, 

l&DT of the tiny cracks tenainated at these lines of surface corro• 

aion, apparently unable to pals throu.gh them. It J11a7 be surmised. 

that this cracking would have resulted 1n tailure had tbe aurf'aoe 

corrosion been absent., and tile eracks aU<>wed to pr&oeed unbinderec:l • 

As the number of small ci-aoks increaaed,. the atn•s concentration 

at the base of e ch waa, in all probability, oorresponclingl.T low• 

ered.. This lowering of strea concentration 11mited t.he chances 

£or failure~ 4180, from a pB ot 2 to a pH of O .s, where aw;-faee 

corrosion was excessive1 tbe orit1oal stress vs. pH curve inoreased 

very sharp~ from about 27,600 pli to 32,100 pai. fb.eae et.f'ects 

agree with the llterature(5)(?2) on the subject. 
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P.soription ot e Failuree. Th• onset of cracking; 

••• evident during the t sts en e evolution ot b,Urogen bubbles 

took place along a line perpendicular to • d1reotio or streas. 

Gradually, tile crack increa e in dep and tr1dtb; wita continuou• 

ydrogen eYolution, until complet failure resulted. Usuall7 only 

three or tour cracka were £. rmed, rarely at llBl1T as ab or seven. 

Oooaaionall7, llhen tb• liquid oo..ered the ntire width of the au.r• 

face, the tirat crack started at the edge ot the apeoiaen ere a 

relat1 v ly i , unlalown atre•s existed • '?hi• etteot would tend 

to •ak the re11ults since • tresses at the edges 0£ the apMi-

aena were unknown. 

J!tallograpblc Testa • An attempt was made to determine 

e .er the failures were tranagi-anular or intargruular b7 aetallo-

ra io exaaiuation. How ver, the ool work efteota caueed by 

•it.tier extruding (during unuf'aoture), or bending paat the yield 

strength during tbe esta, diltorted • grains too au.ch to allow 

an.y conclusions to be drawn a to whiob pa the cracks f ollo'Hd • 

Preparation of the samples for examination 1nYo1Ted cutting out 

the tail portions of specimens which ad been subjeoted to solu-

tions ot pH 1.92, 6.85 and 10.25; ca tin tAem in a Bakelite aold 

under )'draulio pre•sure; cuttin tbe ld and samples down in a 

lat.Ae; polishing witll emery papers oa. i, l, 2, O, 00 and 000 

'(in tA1s order) using • gasol1ne•ps.ratfin lubricant, and finally 

o a eel cover.ed with Y. 1-Qbamee cloth using a. powdered &l.undull 

(grain iz 600)-water abrasive mixture; and etehing, rinaittg in 
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distilled water, and dr,-J.ng in blaat of oompr ssed. air. (The 

air itself was not completely dry, i:lOW'ever, for water vapor waa 

seen in tile blast.) Et~es u .. d prior to ;several exa.mina.tions 

ere: 

(l} nteth7lene glyool 75%, b7 VOlWAe 
1).1.atilled water 24 
Ooncentr t nitr1o 

acid 1 

(2) Gitrio aoid SI• 
Diatilled water 9S co 

(') Glacial cetio cid 50%, by v-ol 
Oi.atilled wat•r ~ 

IO!le of these etches proved eatistaotory. They nn 

given inadequate trial, however, ail'loe the attempts wen stopped 

aft.er the oold-work effect bacam.e appaTent. !.b.e poasibillty ot 

the colcl•work diatol'Uons being due to tbe poli.shing pl'ooedure 

was eliminated, licoe they nre still evident after about 1/100 

lncb of the metal •n.rtace was dissolved wit.h J)1tr1o acid (con-

centrated acid diluted lsl b1 voll.Ull with distilled water). 

Tlle visible elWftinatio.ne of tbe aamples ur& mad.e under a metallo• 

grapbic microscope (lOOx Ud 500x). 

if£e9! ot pll on Qritical jtreea. Figure '1> p. 65, ebowa 

the relationship obtained between pll and stl"ess•oQrrosion .oracldng 

limits, or crit'ieal stress, for standard test speoiaens ot magneai• 

um allo)" FS•l extruded re~tangula~ bar (3/4 ~ 1/S·inch crose-
section) • Speoimens were bent in oonetant deflection as end• 

supported, eenter•loaded beams; and were exposed 'to a solution of 
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35 grams per liter o! sodium chloride and 20 gr er liter of 

potassiuua ohrom.ate. !i'ho constant critic atre s of 29,250 psi 

uistil'l in the ourTe betw n pR 6 and pH 8 indioates that neitb:er 

sll§Ut acidity nor ell t alkalinity ba.s appnc:iable effect on tb.• 

1usceptibUit7 to a.tte.ek under tb.• e conditions Gt ocposure. Row• 

ever, it is apji4rent tbat solutions bove pH 9 and aolutions below 

pH 2 tend to deorease tbs ouaoeptib!lity to atreaa•oorrosion 

cracking. From pH 9 to pH 11 .. .3 ( approximatel.1), the cri tiasJ. 

stress inoTeaaes to 32,600 pai; .rroa pR 2 to pH 0.5 this stre$s 

inoreaaes trom .27,SOO pei to .32,100 psi. lt is poissible that 

above pH 12 this extruded alloy ia illll'UDe to craoking; el.no• e 

curve · appeara t'O b&oome asymptotic · to this ordine.te • This :i.n .. 

creased ree1st.anae in [!}lJ.7 baoio solutions would be ~ect 

since both e chromate ud O.ydroxide films are more protective 

against alkaline nvir0111J1enta. 

T e higher critical stress at very lo• pB aerees witb 

t e findings :.Ln other 1nveatigationa(2.4}{€>l), 11hich show that 

ur!ace oo"°osion inllib1ts th• susceptibility to stress-corrosion 

craokin • Ill the te ts carried out using a solution or- pH 0.5, 

surface corrosion ns very rapid; tbis wa.• eTidenoed by Yigoroua 

evolution of 7drogen gas, discoloril'lg (darkening) of the solu-

tion, an obvious decrease in th• tbi.ckness or the specimen, and 

large amounts of corrosion products covering all of tbe exposed 

area. The possibility of the corrosion products protecting the 

metal trom estress oorro ion wa discounted when two stressed 
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speciaena whica had not cracked after a 6o·minute upQsure in 

a solution of pR 0.5 were caused to .fail within two min~te• upon 

oposUM to a aolution 0£ pH J.91 at tbe same stress (the atreS8 

na ;u, 200 p•i in both spec1Jaen1) • 

f • taot that the critical stress begins to decrease 

bel,ow pH 6, rath•r an at some other pH, i• prolabl7 due to the 

tact that the proteot1Y• htdroxide film ia destroyed balow thia 

pH. Tlle increa•e ot critieel etrees beginni11g •bout pH 9, n.t4er 

than at some otlaer pH, miejit be due to tbe f'aot that pure ohro• 

mate (witaout the diehroma.te) exiats at a concentration of 35 

pus per" 11ter(94) arid that e ion ia ore prote tiw tbe 

the diollromate ion, llhich exieta With tha ehro11ate below pH 9. 

li¢11U11 Critical. St!!-,!• The greatest suaoeptib1U:t7 

of tae aU07 to atnss-oo-rroaion cracldJ:\g under tlle oonditions ot 

exposure Wied in tlli• inveatigation was at e. pH ot about 3 • Th-1.a 

miDiDJD crit1oal streas is 1.7,600 p•it and the ainbm.m oritical 

atnin ia 0 .008500' inell. Considering a tensile )'ield atrength ot 

.221000 p•1 tor th• alloy, tlU.a 1• 125 per oent ot th.e )'ield strength. 

Other 1nveatigatore(54) tound t.Aat for annealed FS-l ab.eat alloy 

the critical stress for direct-tension teats in the aalt chromate 

mediu na about 100 per cent ot the tensile Ji.el<i strength 

(a2,ooo pai.) • 

Ef't•oi pt Creal? ip str!•t·J;!!tlectio~ R!:asre. Creep 

in tile speoiaerts wae first detected When iata tor the strain.-

deflection diagru nre being taken • At a specimen defiectiOD of 
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0.200 in®~ tb!it atnun reading increased lightly (5 mlcro:.(nehes), 

utbougn the deflectioo was held constant,; .At hi.per detl~tione 

the rate ot this elongation was inet"eased. '!'Ju~ rat& of creep was 

not qu:a.ntito;ti1vely determined, but it was ortdent from ,observation 

tb~rt it was incnaoed by h1@ber defiectione. $bee the strain 

readinp were taken during atepwi.se iacreasi&a of deflection, it 

ls fLPpate:nt that ea<t.b suecessive reading of strain 1neludeQ. the· 

total value o£ oretp obt.aiaed in the pnnous atttpe. ftaeNfore, 

1n ol"der to obtain th• ooneeted value ro~ Wtial strain, \he 

tiMl. at:tain nading at eaeh det'lecttoa was deo,_..~ b7 tho 

$'Ull:m$.tion of cnep •t tAat. d.tleq\ioti plus creep at all previous. 

defle(!ltions • 'fhe ui tial strain values 'th11S obtained are slidlt• 

ly" hiper tllan e.otual value•• si.:nce the ereep whiob took place 

duri.:Q.g tbe operations of bu.din.g the :s;peeimens f'l"om one detl.eo• 

tion to the next a.nd of balanaing tile strain indicator tor a 

readiag, was not taken into aoc:uillunt. Xt ia believed, h~ver, 

tna.t thilJI s1igt.tly .bisher value fo..r ,strain would b& closer to 

tl!&llt actuall)r pi-esen~ la the SJ>eeime»e at tile time of making the 

stiress•oorrosion on;oking tes\11 than •eul.:4 the true bntial vlJ.1-

ues, $U09 oreep wa• taldng place during bending ot the spec1mens 

and in sea.ling the solution eontainerl!! on them. :t11 order to 

deten:dne $Ccurately the true strain on. tb.e 1P•CilllC9ns at the time 

ot ap:ply:lng the $olutions .for th• eraoking tests, it would '1-

necesse.J7 to &bt.ain ~lationship$ between creep and time for each 

1J)lt;i&l etn:iA. 
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atn•e-Straj:.p gurve. The atre11s-etraitl C'Ul'Te obtained 

for th& te•t specimens ia charaaterlzed by a dip between strains 

ot o.ooas and o.0070 inch. Data for two other cunes were taken 

to determine whe er or not some error in data•ta.lc:ing or in test-

ing procedure had n made; but theae curves also contained 

dip • This would seem to indicate that tb• structure of i1 

alloy givee it the abilit7 to lose etrength at certain strains 

but to regaiu ita et.rengtll wheii i'Jle etrain 1s, incr ased ~ This is 

not unconon in metala, al ougjl the propert7 1a not usu.all:r 

•Di.bi ted until after tb.e P,eld strength 1a pase • In tbia 

teet, the dip occurred at a range WhiQh pi-evented accurate deter• 

m1nat10ll of the yield stsrengtb, therefore the generally accepted 

mini'lllWll or 22,000 P•1 was taken tor this 'Value. 

Reooaendationa 

!he toll.owing reoollJltendationa are otre~ed for future 

ia:•e•tigati~st 

At•ofellarlc E!Pcurart 'l'eat1. In order tor aooeler tecl 

teats to be of value, data obtained f'rom them must be cQrrelated. 

with that obtained from exposure to otber enviro:runente, especially 

serrloe environments. Atmospberio e.xposue o! tb.e FS .. l e:x:trtaiona 

ia l"eoouenchMi ainee it is the moat oouon tJPe of exposure eneoun• 

tered in th uee or these allo:ra. lo sugges-t#.ons are made as to 

the meth.od ot stressing to use but it ia suggested Uiat aevei-al 



ape • bt n.poM4 at tb.• aame tille. Th••• apeo~ ab.oul. he 

IUbJeoted ~o a iup of ttns••• hom tbe blgieat cllitical It,_•• 
obtaiaed ta ia won (.32,200 pt1) dOWll t.o J0-40 1>4Jr oen of toit 

ontJ.oal nre1 • Th• oritioal etH••• tor 'tlHtb•r expo..-. ot 
l ••.ti •• been touad to be lower t.Aan tuoae required 

t ueel te4 tuts on Wa allo7. 

l9t il!DMDI. la occJunet1cm wit.a e at••Jb•ri.o 
t••ts, it 1• ~ed tbat ~ etfeo at ftrioWI bu: '\Nat.,. 

••t• on illeftali•s th• oriticel •tteN•• he aara1aect, aino• 

aa9*11ng 1e lmO'W'D to 1*iuo• e'treee-conoaion o:raoJd..na ntO•pti• 

bllit.r. De ,.po1/'t1 ot 1rl•eat1pttcms b7 Kunt.r end au oo-

~· (51) are ftco-.-114 tor- nt•ruc• in o~Uon wi't4 1fo.rk 

ot nob a utun. 

ltd• ee !!MS 1H9191g I stna•-oo~•i<*l •raekins 
test• on •el ...i upee1u al.101 fS-l -'l"Q1 an reoOlllllUded, 

•be• wel.d:hg i• known to inor.&N the Ra e,U'billt7 to onoldlta. 

W•btt aoul.4 bl cloae by weldtt• •• are "Pfl'1•~ 111 .,_ .... 

1• welding 1eo11111qae. Poor and b.OOAalnent retulta u nldbg 

oasmo'\ be tol•nted, '1llce tt.ne woud add \Ulkaaon 'fUia.bl.Att to 

• ~tal naults. PittJ.na · u.e to nvx lulon and 

iaooilplete aelting Of th• Weld.0 aout a.re Uo of t'tt.e llO'I'• prOld.• 

neat ci1ffioult1•• 11!1dok l!hould 1;te pl'#ftl1W. •l tut 8 .oul 

••nie4 out in bota tb• aooelonted and •tnloaptleri.e 118111&. 

Uea\ treataent of ta• weld• h pn'n.DtU, .t ... a-cs0tt081.oc. csraokiJ!ll 
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tlhould be examined, eino:e this is considered to be th most 

effective preventive metbod(28) (JO) ( 50) (51) (54) (59) (61) (65) (69). 

l'!J.rtib•r R•• ot the Banclihg 111. It t°'m'thel" use of 

the bending· jig is macie, it is recommended that e adJuetable 

bar be replaced 1>1' one poaseasing greater reaie.tanoe to bellding 

111 order that a greater nuaber ot apeoillens flight be tested at 

the same tiae • . !h• present bar would not r"1et bending when 

loaded with 11.ore than ai:JC (three near each eacl) of the standard 

teat speciaens ot magnesium alloy FS-1 ua.O. in this inveetiga• 

ticm, 'lb.en d•tl•oted tc about 0 .400 1noh er moft • 

InTe1tiption of the . Ci;t•p•J1me Relation!Stp. A rela• 

tionehtp between ereep (elongation of the eu:rtace at:resftd in 

tension ot the speotmene under consta!lt deformation or oon•tant 

atres•) and time should 'be •de, for in this iave•tigat1on and in 

others(S4) it •• .found to ave an important beuing on the acou.-

:raey ot tae results. A higher degree of ace\U'&C)*" in determination 

of st:r&in at tlle time of exposure to tile corrosive aed.1.wn would 

be obtaiaed if' (1) the time at llb1ob each etl"td..n readi!JS ia taken 

during a strain•de.tlection calibration is recorded, and (2) creep 

vs. time cunes are obtained for various conatant def'1e.ctions 

within the range of de.flect1on used in this investigation, and 

(J) in the cracking teats, the time lntef'V'al between att ining 

a defleot1on and placing -U.e corrosiYe meoium in contact with the 

metal, be recorded. The working range is not definitely known 

until after the stnss•corrosion cracking tests are made, therefore 
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it is reco ended that the creep vs. time out"V'es be obtained 

oJil7 after au.Uicient experimental work haa \Mten oe.rried out • 

A eo-rrelat1on could be made between the aboft relatt.onsldps o 

t.be.t the exact strains appli d tc a apeoimen at (l) the time of 

first contact between the corrosive medium and the specimen, ud 

(2) the time of c:raoking •ould be kno 

Adoption ot tbe Bending .ii& as a Stande.rd,Aeratpa. 

The bending ji~ •• capable of producing alcy' tensile stre s be-

tween 0 and 32,600 psi ud l\111 tensile strain between 0 IUld 16,600 

ndaroillclle.a per inch. fil:ia maxi~ stress is nu.r tb.e \ll.timat• 

etrengtb of the alloy (36,000 psi) and ell above Jll()St de1ign 

stresses. 

The strains at &1J:f deflection were kn.own by use ot the 

previously obta.iaed stl"'&in•defleetion ourv&; tbe oouraay ot the 

strains depe11d1ns u.p0t1 the acouraey of the equipment used for 

aeaaur:ln the strains and the indicators for JUasurement of de-

flection. fhese a.pp ratus used in this investigation •re pre• 

oision in•trumenta • Tb.a stresses at e:4'3" deflection were deter-

mined by use ot a pre'Yiousl7 drawn stress•stl'ain diagram for 

tbe alloy in conjunction w1 th tb.e strain•.d.eflection curve • The 

aocur cy of tlle stresses was th ref ore dependent upoa botb the 

acou:racy of 'the testing maobin and the accuraciee of tb:• 

train~ and deflection•measur1ng equipment. ~ dete:rruination 

of bending stress s near the tensile yield strength in magnesium 
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alloys requires this correlation sine eir compressive yield 

strengths are low r than their tensil yield •trengtbs, causing 

ordinarr stress !ormulae to inadequate • 

ibe jig itself was inexpensiTe, simple to oonstruot, 

aad aimple 'bo operate and control. With. a st\lrdier center bar, 

it oould U$ed for etressing about twent1•£iv specimens of 

3/4~inch width tor a tingle loading. A center be.r co'Uld be 

etail°""stepped, ·witb 4.-ndividual bars pl ced across eaeb .fligltt, 

so as to denect eeYeral apecimene diff'ere.nt amounts. Thia 

bar ccul.d be made interchangeable with tne at.rd.pt bar. Speci ... 

una of larger croms•sectiona could be teated it hearler bar• 

and angle iron were used. fhe larger jig could be made accord· 

ing to the eue design, h.oweYer. 

Because ot these adTantagea of the bending jig end 

eiace it !is belieYed. that no otlaer ·t1P• of Jig deeori.bff in tbe 

literature(5l)(S4)(S9)(6;) ie &n1' better euited for streee~ 

eorr-oaion orack1ng testing in bending; it is reoonended that 

this basic design be adopted ae a tentative ste.nd&J'd appan.tua 

for accelerated laboratol')" strees ... corrosion cracking testa ot 

magnesi\11$ alloye by the Aulerioan Society- for 'l'e1ti.ng laterl.ale. 

!&!t. Speoi.mena • The onl;r specimens teated were stand• 

ard ASTI tension teat specimens eight inches longt ha.Yihg a gag9 

length or two inch~s • Theae were cut mnt oo•eroial magnesium 
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alloy rs-1 rectangular extruded bar having a ox-oas-section ot 
l/8 x 3/ 4 illch • It wae originally planned to te t s1xt welded 

speoi ns,. but tb weld.in job on e pieoes n •e17 un ati -

factory. Apparenti,. the flame w.u~d in welding was not b.ot enough, 

since inoomplete melting of metal wae ob9'iout!J. The fl.wt wae 

not removed an.er welding and ti'd. eaue d severe pitting on the 

weld and in the region surrounding it. 

§9r,ro ive led1'1.Ul. The eorro:!ive dium used s an 

aqueous aolution containing 35 grams per liter of aodiu ohloride 

a.11d 40 grams r liter ot p ssi chromate. Adjustments of pH 

to various values between 0.5 end 12 weJ'ti de with 23 pe;r oellt 

h7droohlGJ'io acid, or w'-tb. 14542 solution of potaa ia 

hydrold.de. Oiie alt ml ot e corroding media was us tor pH 

of J.<Jl and abo.,.; 2 ml, tor pB of 1.92; and 3 ml, for pH or o.s. 
§trepa. Bending stresse were used, @d th••• could 

be variod fro 0 to 32,600 psi on th tensile side of t.be teat 

piee•. The~ deflection of the p1ecee a 0.790 inch• and 

the span (diatanoe between the f:b;ed end supports) was fixed be• 

tween 6•3/16 incile1, for a specimen without deflection, to 

6·1/l.6 inches, tor a apeo1 en deflected to the muilllUlll • Aoourac7 

of the stre1sea determined was llld.ted b7 the acouracy of tile 

strees•strein and the strain-defleation diagrama. 

temperature. Temperature was not controlled, but 

variations were limited to t.Qe range ot 75° to 85° r. 
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Aeratioit. Bo aeration .of the corroding solution• was 

used in 8111 ot the teats • The solution, ho..,,.r, probably ab--

sorbed $Olli oxrgen when shaken during their prepan.tion; and 

while expos d to the air during the tests. 

yelocitr of Corrosive ll!dium. Jlo velocity control 

was used. The solutions were quiescent ezcept for agitation 

caused by hydrogen gas evolution tor all solutions 'between 

pH o.s and pll 6~2, 

Exposed §Ff ace • The area of the teat epecimens ex• 

posed to 'Ule liquid was a circle ot 11-a diameter located midway 

between tb.e gage aarka on the surface under tensile •treaa • This 

area in.eluded the region of maximum ten lle -treas. 
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Y. OOll<iLUSlONS 

J'roa acc•lerated streas•corrosioa orackitlg teats 

emploTing en aqu ous todi~ cb.l.or.1.de .. potassium chromate cor:roeive 

medium and atandard teat speoimens ot commercial magneaium alloy 

rs ... 1 e:xtru.ded bar stressed in constant deflection, ·the following 

onclusiona were drawnc 

l. At pR values of O.S, 1.92, :3.91, 6.2, 7.7, 8.25, 

10.25 and ll.85, the critical •tresses, 1l'l psi, were 32,000, 

27,900,, 27, 700, 29,300, 29,350, 29,200, )0,)50 and 32,600, respec-

tivel.y. 

2. The ori tical stress was constant at 29 ,300 pai 

from p 6 to s.;. 
From tbe calibration of tJae bending j.ig used in tl:li• 

work, mplopng a .standard test spec1-en or comercial aagD.ea1um 

alloy rs-1 extruded bar, the following conolusions were drawn1 

:3 • The btnding apparatua ns capable of producing 

tensile strains from 0 to 16,600 mioroinohes pe:r inch and tensile 

atresses from 0 to 32,600 pi at def'leoticna trom. 0 to 0.790 incb 

( maxim.Ull) • 

4. Creep ot tb.e allo7 took place at the region of 

maximum atreas, on the side of tbe specimen stressed in tension, 

at a deflection of 0 .. 200 ineh and higher, and at strains of 3985 

micreiDQhes per inch md. higher. 



An important factor preventing a more wideapread 

acceptance of magnesium alloys in th chemical indttet17 is 1te 

susceptibility to varioue i'oru of corrosion. Stress-corrosion 

cracld.ng, oco.urring under condition$ of residual fabrio tion 

tress•• or high extern.al etreeses, is a 1 vere localized ,corro-

sion type, which o n bring e.bout complete f'ailure in inoet wrought 

JD4inesiua alloya ~ Pre'ri.ous inw tigat1on concerned with etreas ... 

corro ion cracking of aa.gnes1um alloys have dealt with its occur-

rence only in the $beet utal. 

Thie i:nveatigation involved accelerated labo.ratoi-y 

stre•e•oorrosion cracking teats on a oomeroial extrusion~ Stand• 

ard tension teat speoimens of magnesium alloy FS•l extruded 

rectangular bar were subjected to bending in conatant deformation 

by loading the truaversely aa end-supported center-loaded 'beame. 

The apparatus was oonstruoted of angle irons t~r end eupport and 

steel bars for an adjustable center load. Maximum tensile etraina 

were measured witb electric strain gage$ and corresponding streaaea 

wer• determined from the tensile stress-strain cliagn.m, tor the alloy. 

A corrosive medium of 35 .grams per liter of sodium-

cbloride and 20 grams per liter ot potassium chromate wae plaoed 

in small •ections of glaas tubing sealed to the specimen surface 
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at the region of 1llaX1mwa tensile 1trees • The etteets ot tb.e 
• 

Jl&pi tu.de of tenaile stress arid p1l on \ime to .failure "" 

investigated and the streess•corro,sion en.oldng limits (critical) 

atreasee) were deterained at various pH value• trom O., to ll.85. 

D• •pparatua n.s satiat'aotory for laboratox-1 testing 

and the basic deaip was recomended t.o be adopted as a standard. 

The effect of creep waa corrected to oome extent, since oreep 

rates were very high. 

The ldniaura critical stress for the alloy waa to'Ulld 

to b$ 'Z'/;600 pai, or 125 per oent of th• tensile yield strength, 

at a pl of ,;,.0-3.5. laluea of pH between 6.0 and 8., b•e no 

appreciable ettect on the critical stress, although pB ftluea 

belo-• 3.0 and aboYe 8.S increase tile streas•oorroaion limit. 

Pr-om pH 6.0 to 3.5 critical st.i-eas is decnaaed from 29,300 psi 

to 27 ,600 pai. Creep wae e"1dent at strains of 3985 microinchea 

and lligber. 
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aa bportant ••• of this 1r0rk a.no tor •khlg aTailable eaaen.-

t:lal •qu1paent. 

The author al•o ant• to thuk 

tor hi• aid U. oon1tru.otiOA wol"lt. 


	img490
	img491
	img492
	img493
	img494
	img495
	img496
	img497
	img498
	img499
	img500
	img501
	img502
	img503
	img504
	img505
	img506
	img507
	img508
	img509
	img510
	img511
	img512
	img513
	img514
	img515
	img516
	img517
	img518
	img519
	img520
	img521
	img522
	img523
	img524
	img525
	img526
	img527
	img528
	img529
	img530
	img531
	img532
	img533
	img534
	img535
	img536
	img537
	img538
	img539
	img540
	img541
	img542
	img543
	img544
	img545
	img546
	img547
	img548
	img549
	img550
	img551
	img552
	img553
	img554
	img555
	img556
	img557
	img558
	img559
	img560
	img561
	img562
	img563
	img564
	img565
	img566
	img567
	img568
	img569
	img570
	img571
	img572
	img573
	img574
	img575
	img576
	img577
	img578
	img579
	img580
	img581
	img582
	img583
	img584
	img585
	img586
	img587
	img588
	img589
	img590
	img591
	img592
	img593
	img594
	img595
	img596
	img597
	img598
	img599
	img600
	img601
	img602

