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I. ABSTRACT

The role of moleture and hydrogen in the stress corrosion
eracking of T1-841-1Mo-1V expoaed to hot chlorlde salts wes ioves-
tlgated. The adsorption and retentlon of molsturs during the
application of salt deposlts and subsequent heating, and the
extant of HC1 and hydrogen generation durlng corrosion were studled
using radiotracer technigues and mess Epectrographic analyses of
volatile corroeion products. Hot-stage microscopy and clnemato-
grephy were used te study crack initistion and propagstion, and the
characteristics of fracture surfaces were examined by electron
Irectography. The effects of Nagl were comparad to thope of
8nCle-2Hg0, which net only reteins much more molsture but slso hes
& much lower melting polnt than NaCl, These studiee reveslad an
obvicus eescclation between the oceurence of cracking and the
amountes of HCl and hydrogen genersated during hot-gsalt corrosion,
This, comblned with results of supplementary sxperiments uslng sodi-
um ledide and bromlde, indlcatee thet hydregen, rather than the
hallde, plays the key role ln the cracking procegs, The observatlons
gre censistent with a etresg-sorption mechaniam for eracking, in
which corrovsion-produced nascent hydrogen 18 propozed to be the

sorbed apecies respconsible for cracking.



II. INTRODUCTION

Informetion concerning the susceptibility of titanium alloye
to Biress corroceion cracking has accumulated rapldly during recent
Jeere &8 & result of sxtensive laboratory testing programs to
eveluate high-etrength engineering materiasls for elreraft, space,
and marins applicaticns, The first ceuss for roncern that EUECED-
tibllity to stress corroslon might be a significant problem in the
uee of tlianium alloys was the discovery that some alloys crack
when etreseed in contact with chloride ealts at elavsied tempera-
tures, !112} mhig phencmenon, called hot-salt cracking, 12 & threat
Lo many tltanium alloy structural components opersting at elevated
temperature because sources of chlorlide contamination are ano numercous,
The liest of other envireonments that can produce astress corroslon dam-
age in tltenium alloys has grown since 1964, when it was discovered
that speclmene wlth pre-sxisting fatigue cracks are gugceptible to
gtress corroslon at room tenmperature in sea water, {2 Cracking can
cecur at emblent temperatures in e varlety of agueous end NONEJUEn S
medla. Many laboratiories currently are inveatigating the mechaniem
of cracking in varloue environments, The Savannah Filver Laboratony,
under speonsorshlp of the Netlonal Aeronautics and Space Adminlstra-
tlon, 1¢ conducting research to develop fundaments]l informetion on

the phenomencon of hot-gelt cracking,
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Hot-gelt cracking was first thought to he caused by dry aalt
depeoelte, and molsture wes not coneidered to be important.fEI
Chlorine gas, produced as an lntermediate asnd regensrable product
of palt-matal reactions in the presence of oXygen or a reducible
exlde, wee proposed to be the cause of stress corrosion. However,
this proposal was based on obmervetione of hot-galt corrcsion
affects at test temperatures from 900° to 1400°F ®! and on analyti-
cal evidence of small smcunte of chlorine in volatile products of
corrosion at 120097, (4)

In contrast, studies at SRL!S! on Nall cracklng of TL-8A1-1Mo-1V
at & lower tenperature (B50°F) indicated that moisture 1s important
in the palt corrozion process, and that HC) gas 1l generated., Fxpo-
gsure of stressed speciments to hot HC1 gas alone, with no =ssalt
depoeit, caused ¢racking which cccurred in & manner simllar to the
delgyed fallure phencmanon essoclated with hydrogen embrittlement.
Several featurss of the hot-selt eracking phencmench alsc indicated
thet corrosion-produced hydrogen might be involved in the mechaniam
of cracking, Through the use of radlotracer tachniques,EEJ tydrogen
was shown to be retalned in areas corroded at 6509F by =alt initially
depodited from & sclutlon contalning tritiated water, sHED. Direct,
hot-etege metallographic obesrvationes of hot-salt stress corroslon
revesnlsd that cracks initiated sbruptly following ean incubaticn

pericd, the durasticn of which depended on exposurse temperature, galt
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composition, and alloy composition.'®! The erfect of salt composi-
tlon on the incubatlion perlod for cracking was aslso lnvestlgeted,
partlicularly wilth respect to the amounis of molebure retsined in the
salt deposlt end the amounts of HCl ges and hydrogen generseted durlng
corrosion, !T' Those results wers the basis for the propoeal that
corrogion-produeed hydrogen rather than c¢hlorine gas ls responsible
for hot-salt cracking,

The objective of this paper 1s to further define how moisture,
HCLl, and hydrogen are lpnvolved 1o hot-sa2lt strese corrcelon of

tltanium alloys.



IIT. EXPERIMENTAL PROCEDURES

A, BOpecimens for Radiotracer Studles and Hot~3tage Microgcony

Am described for previous studles'?’! the test apecimens ware
metallographically pollshed 3/4- x 3- x 0,050-inch etrips of duplex-
annealed TL-841-1Mo-1V alloy. The strips were mounted in 4-point
loading holdere and stregsed by bending fo a surfase-fiber gtreps of
10% psl at room temperature, which caused them to ¥leld slightly when
heated to tast temperatures.

Salt solutlons ussd 1ln Btudles of asdsorption of molsture and
chlorides (Tables I-IV) were made radicactlve by adding either
tritium ag 2Hg0 {1 C1 per ml} 22Nacl (1 ¢l per ml) or chloride as
Na®®C1l (0.03 mCL per ml), The presence of tritium on the specimens
wad determined by counting Lln & wilndowlees, gas-flow proportlonal
counter, and the chloride wes counted with & OM bets counter., The
abeorption of hydrogen {(as ®H) by the metal in esalt-corrpded arces
wag confirmed by first remeoving ell salt, etchlng the zurface to
dlagolve & amall {ncrement of metal, and then counting the etching
golutleon in e teta liguid ecintillation counter,

For experimente to determine the time to inltiste cracking,
(Table V) deposits of salt were epplied in the area of maximum stress
by avaporating three drops of saturated agquscus sclutlon on the

epecimens., This procedure produced a fairly denege deposlt of coarse
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crystale coverlng a apot about 1/2 inch in diameter. Multiple
gpecimens wers then hestad lsothermally Iin stegnant alr using e
small electric ovean. Bpecimens were removed at intervale, and after
removing the galt deposlts, the surfaces were microscopicelly ex-
emlined for evidence of cracklng,

In order toc permit direct hot-stage metszllogrephle chascsrvetlons
of galt-metal reactlone, droplets of dilute esclutlons werae evapo-
rated on the pre-pocllehed gurfaces, %!  The resultant salt crysatals
wara amall enough $o be viewed wilth a conventicnal metallurgicel
microscope, The specimen loadlng flxture wae positicned dirsctly on
the microscope stage, and heating was accomplished by placing & tiny,
hand-mede coll of resistence wire against the underside of the
gpacimen and adjustimg the currant with a powerstat, Movies of ths
het-aglt stress corroslon process were made through the eyeplece of
the mlcroscope uslng s 1l&-mm camsre equlpped wilth e single frame
attachment for apeede down to cne frame per second.

The ¢haracterlstles of stress corresion fracfure surfaces were
ttudied by conventlonel replicatlion and electron mlcroscopy
technlques.

B, Mass Spectrometer Analysed of Volatlle Corroalon Products

A Coneoclldated Englneering Corp. Medel 21-103 mass spaciro-
meter was used fto snalyze veolstlle corrosion producte that were
evolved when mixtures of Ti-841-1Mo-1V alloy and sodium chlorlde

e T o=



were heated in a cleosed, heated glase resction vessel attached
directly to the mass apeatrometer.‘“i Titanium gllocy chips weare
wetted with eslt sclution and dried for 1 hour at 110°%C, Chips
were used to aseure a high surface arese/salt ratic, The pressure
in the reacfion vessel was reduced sv that at tempersturs, with-
out & reaction, the pressure would be 1 atmesphere, About 2%

of the gas in the reactlon vessel wes removed ezch time s sample
wes taken. The astcpcocks ln the reaction vessel and on the tags
Apectrometer were greased with "Kel-P,"* a lubricant unattacked by
Cly and other strong oxidants,

C. Electron Microprobe Analyses

The dlstrlbution of Fe and Cl in ecracks end adjacent regions
was determined using a Materials Analysls Corporatlon Model 400
electron micreprahe.f?] X-rays were diffrag¢ted with a potassium
acid phthalate crystal for Na and a pentmerythritol ocrystal for
Cl. BSpectromsters were callbrated with carbon-coeted sodium
chloride crystals 8¢ thet atomic concentratlone of Ha and C1 could

be showh on equlvalent scales in Figure 7.



IV, RESULTS AND DISCUSSION
4, Radlotracer Studles of Adsorption

Previcus work'®! ghowsd that some form of chloride other
than FeCl 1e stirongly adsorbed on tiltanium alloy surfeces that are
waetted at room temperature with NaCl sclution and subseguently
rinaed in flowlng hot water, Contlnuetion of the adsorption
studieslT] showed preferentlal adsorption of chlorides on a verlaty
of metals, Table I. The effect of soluticn pH onh chlorids adscrp-
tion by Ti-841-1Mo-1V at room temperature, Figure 1, indicates that
the chioride 18 not present as HC1 molecules, because the gbsorption
wad maxlmum in the pH 5-6 range and degreaged as the pH was increessed
or decreased., If adsorbed chleoride lons were accompanled by hydrogen
ione, the amount adsorbed would be expected to Llneresse in ecidic
solutions. Based on the resulte of these studles, it 1z propoasd
that chleride lons are absorbed into the metel oxlde film, probably
occupylng oxygen vecancles 1n the lettice, The presence of chlorids
lons 1in the oxlde f1lm should contribute to tha breekdown of
paealvity durdlng exposurse &t elevated temperstures,

Becauge chloride absorption at room temperature was not associ-
ated wlth hydrogen lons or HCL meoleculess, the HE1 gas deterted
durlng het-gelt corroslon must ke generated by reactions involving
molature, Verlous possible scurces of molsturs were investigated me

described balow.



Exparimenis with radiotracer ®H, as ®Hy0, Figure 2, demon-
strated that molsture is sdsorbed on titenlum slloy surfaces that
appear to be dry at room temperatura., In these tests, specimens
with and without prior exposure to NaCl sclution were wetted with
“He® and gllowsd to dry at room temperaturs, In Flgure 2 both
specimens showed e greduel decreaes 1n radloactivity during aglng
st room temperature, which would be expectad dus to an exchengs
between atmoepheric and adgcrbed moisgture, Prior sxpoeure to NaCl
scluticn had no significant effect on molsture adsorption; the
#llight difference ahown in Figure 2 15 withln the range of repro-
duclbllity on dupllicate spacimenas,

On spesimeng that were dried in slr lmmediately after wetting,
the “Hp0 was easlly removed by exchange with hot rinse water,
indicating that the molsturs wae not tlghtly bound to the surface,
On epeclmens lmmersed for axtended times In tritiated selt eBclutlons,
the hot weter rinese did not remove all of the radiotracer, Tabls II.
This retentlion may be due to gheorptlon of some molsture inte the
cxlide fllm.

In crder %o demonetrate theat the most important source aof
molsture lovolved 1n hof-salt corroelon 1e that which is retained

in 2alt depeelted by evaporatlon of asclutions, deposits of
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NaCl snd 3nClgr2H O contalning tritium treces wers studied

(Table III), The amount of molsture adsorbed 1n the sslt deposit
wag slgnificantly greater than the amgunt retsined by the absorbtion
in the protective oxide film (Filgure 2).

The effect of retalned molsture on =stress corroglon cracking
wag compared con speclmens with pre-dried selt cryetsals, Flgure 3.{71
The Ti-8A1-1Mo-1V specimens were photographed directly through the
hot-stage mleroscope after being heated at 650PF for 90 minutes,
Corroslon stalnlng and cracking cocurred 1ln the sequence reported
previoualy{“} on the specimen with the "moist" salt; but there was
ne evidenge of corroslen or cracking on the epeclimen exposed toc the
predried selt crystals, Undsr these test conditione, neither mois-
ture pregent ln room alr nor molsture adscrbed on the gpecimen
gurface wera sufficient to Initiate etress-corrosicn. The possibllity
remains, however, thet atmoepheric wmolsture mlght be sufficlent to
promete attack after tmuch longer exposure times or after e¥posure at
higher temparatureas.

After heating & specimen at 650YF for 75 hours and subseeguently
copling and remecvlng all sselt and corrosion products from the surface,
the ghsorptlion of corrcaicn-produced hydrogen by the metal was shown
by counting the %H amctivity, Table IV. The dats substantistes the
ogbeervation of ®H in salt-corpoded areas made previuualy[’} by

sauntorediographic technlgues,
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B. Effect of Type of Salt end Molsture Content on Cracking

In previous studies, (®:7! the time to initiate hot-salt crack-
irg was ehown to be dependent on exposure temperature, sslt
composition, and alloy composltlon, Tn a continuetlon of these
studles, the effect of molature content of the salt on c¢racking of
T1-BA1-1Mo-1V wag investigsted by compering the effects of Nall
wlth Snull,«2H 0. As shown in Flgure 4, the time to initlate
cracking was much shorter for 3nflg«2H.0 than for NaCl, especially
at temperatures sbove the melting polnt of Snclg, LTEPr, Aalthough
the liquld =salt greatly accgler&t&s the stress corrcsion phencmenor,
it is lmportant to note that eracklng can ocour at temperatures
helow the melting polnta of beth 8nfl, and NeCl., This indlecates
thet thae pregence of g liguld phase 18 not an eszentisl reguirement
for hot-galt cracklng.

The electrochemical nature of hot-zalt correslon reactlons
was vividly revealed by the experiments performed at temperstures
gbeve the melting polnt of Snflz. Durdong the lnltlel sttack by
the fused salt, small globulee of purs, molten tin appeared on
the apeclmensa, This tin metal, the 1dentity of whleh wes conflirmed
by chemlcal analysis, could ohiy be produced by eleetrochemical
cxidatlion of the tltanium allcoy specimen and reducflon of the tin

ions {Sn++} of the salt to tin metal, The oxldatlon of the titanium

- 12 -



alloy was obvious from the formation of corroelon pits. Dubing
eontinued exposure {c the stmosphere, the tln metal oxidlzed,
Cracking was 1lnltiated only after slgnificant corrofion had sceurred,
which lndicates that the cracking was nof ceused by the liquld tin,
or by titenium corroslon products {such as titenium chlorides),

Thls was confirmed by immerselang strezaed T1-BA1-1Mo-1V 1ln molten tin
at TOOPF, ebrading the surface to break the oxide film, and sxpos-
ing 1t for 90 minutes, No cracklng occurred.

Evidence in suppert of s strese-sorktlon theocry of cracking was
found during the hot-stage microscopy experiments. Hot-stsge
microscopy revealed that, with both NaCl and 8aClg+2Ha0, the initlal
propegeticn of cracke waa very rapld. However, cracks caused by
Nall were emall, and further growth occurred very slowly, apperently
by intermittent extenslone. Crecking caused by SnCly-2HGD was much
more severe, and the inltlal extent of cracking was directly de-
pendent on the amount of salt on the specimsn, The addition of
more EnCly 2Hp0 ta hot specimens caused immedlate rapld extension of
cracks. In some ceses in which the epscimens were gcoled to room
tempersture after the Initlal cracks formed, the residusl zalt and
corrosicn products partlially dlssolved as s result of abscrbiog
atmespherlc melsture, and further repild crsck propagation (0.1 ineh/

min} wee obgerved at room temperature, Thie behavlor asppears to he
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slmller to the strese corroslon that has been reportedfﬂ} in
titanlum elloys precracked by fatigue and sxposed to smblent Lempen.
ature corrcsion medla, The rapld creck propegation st room
temperature appe&r to be best explalned on the basls of & Etress-
gorpticn mechaniem of cracking.

Evlidence of "tunneling," i.s., lateral extenslon of the crack
heneath the specimen surface wes cbeerved, egpeclially In the cagEe
of 3nlly cracking. An obvicus example 1s 1lluetrated in Figure 5,
which shows the ends of cracks extending through to the edge of =
specimen before they extended the full width of the epecimen.
Figure 5 s8lB0o shows plastlc deformeticn and ”naﬁking" shead of the
advancing cracks.

C. Analvses of Volatlle Corrosion Products

The difference in crecking severliy caused by Nall and
Snlly 2H0 mppeare te be due to the greater ameunt of moisture,
and coneeguently the greatser quantities of HC1 snd hydrogen
generated during correaion by Bnll,-2HgO0, as shown in Figure 6,

These maas gpectrochemicel analyses of volatile corrceion
products generated during attack of T1-8A1-1Mo-1V by the two
different selte show an obvious essoclation with the time to
inltiate cracking, Figure %4, and the relative amounts of HC1 and

hydrogen produced, Figure 6, At 500%F, more than 10,000 times as
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much HO1 end hydrogen were generated by Snlly:2H,0 than by NaOl,
end within much shorter tlmes.

The marked lnerease ln the concentratlon of hydrogen during
the initisl perlcds of corrosion, Flgure &, supports the hypothesls
that correslon-produced hydrogen promeotes cracking., No chlorine gas
was detacted 1o the voletlle corroslon products. Spectral dats
weare collected to mess 170 to ensure that TICl, or Till, would be
detected 1f present., Howsver, only Hz0, HC1l, and Ho were observed
88 volatile corrosion producta. The metal chlorides were not
expected because they should hydrolyze in air at the exposure temper-
ature to produce oxides, HC1l, end hydrogen,

The production of halogen acldée by the reaction of water with
& hydreciyzable helide galt at elevated temperature is termed
pyrohydrolysis and 1s a common analytlical technique for the analysls
of halide salte.’®) Pyrohydrolyeis requives a reaction of Ha0 with
the hallde salt to form & volatlle specles of the halogen (e.g., HJ1,
HBr). This reaction 1 often accelermted by the addition of
sluminum oxide or venedium pentoxide when the salt 1s 4lfficult to
hydrolyze, a8 i8 the caess with Nagl, Thus, previcus rePorta‘Er‘]
that metal oxidee are involved in hot-salt eracklng can he explained
on the btesis thet the cxlde accelerates pyrohydrolysls. In some
capey, weter of hydration in metal cxldes weuld also contribute te

the process.
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All of the Ingredlants for pyrohydrolysls ars present 1n the
hot-pelt stress corvoslon of tiltenlum alleya.*”’ Both elumlnum
end vanadlum are present in the oxide fllm on Ti-Bal1-1Mo-1V alloy;
HC1l hae been chbaerved ae a coprrosion product, and water has hean
shown to be necessary for hot-zalt cracking. Thus, the experimental
evlidence demonstirates thet pyrchydrolyeis inltiates the gorroeicn
rocesa., HCL penetratlon of the oxide film, rendered less protectivs
by the prlor sbscrptlon of chloride, produces attack of the metal to
form metal chlorides and hydrogen. More HC1 and hydrogen are then
generated by hydrolyesis of the metal chlorldes,

Evidence that HCl, rather than Nall 1ls the form of chloride
present in cracks was obtalned by electron microprobe analyses for
Na mnd Cl along the length of cracks,!7?) dpecimens that were cracked
during expesures to NaCl at 650°F were pelished in nonsgueocus lubri-
cants o that the crack cross sectlon could be scannsd by an
expanded, 8u diemeter slectron beam. Care waz teken to prevent
sodlum chlorlde from being forced into the crack during sample
preparation, BSeven cracks were examined. C(rack depth ranged from
Taw to 3200, These analyeses showed that godlum wae concantreted at
the mouth of the crack and that chlorlde was present in decreasing
concentrationa from the mouth toward the crack tip. A& fyplcel crack

and the accompanyling sodium and chloride cencentratlon proflles are
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gshown 1n Flgurs 7. The penetration of chloride but not sodium was
also supported by autorsdiocgraphie stuﬂieaw%] of zamples cracked
with “®Nafl and ¥e®°Cl, fThe chloride tracer but not sodium was found
concenfrated in the crackaﬂ ragiongs.

D. Electron Microscopy of Stress Corrosion Oreck Surfaces

Examinatlone of the fracture spurfemces of Ti-841-1Mo-1V alloy
samples cracked by exposure to moist and dry HC1, SnClE-EHED, end
NeCl revealed thet cracking in &ll cases was predaminafely Inter-
granular with limited reglens of trensgranular clesavage, Llttle
evldance of duetile fallure was noted, In genaral, the ohesrve-
tipne were conslstent with s strese-eorption mechenlem of frecture,
Evidence of dlslocatlcon movement, and therefore plastic deformatlon
acconpanying frecture wae alsc cheerved. Scome evidence of corrozlon
on fracture surfaces was observed but corrgsion probably occurred
after the fracture was formed,

Typlecal fractegraphs of samples cracked under five different
cenditions are shown 1n Figure 8, The fracture surfaces are gulte
Bilmiler end several fsatures are common to mest of the samples:

4. Intergrapulsr cracking, shown by graln shapes 1ls revealed

on the frecture surface. Thers wae little evidence of
ductile failura,

B. BSescondsry cracking,
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C. Rough grain surfaces wilth arsss of more or less regular
ripples, steps or folde (see arrowe), These reglons
probably resnlt from serpentine glide, gilde plane
decchealon and stretching, and are interpreted as
evidence of dislocatlion movement during the formeticn of
the fracture surfaces. Figure 9 shows such reglons in
more detail,

L, Pitting, probably resulting from corrosion after crack-
ing was alsc observed in some sampleg {compare Figures
Be, b, and ¢ with d and e). BSeversly pltted regions are
shown in Figure 10 to amphaaizelthﬂ extent to wvhich
corrosicn can gocur,

The river patierns, Figure 11, characteristic of tranggranular
cleavege were cbssrved 1n limlted regicns of most of the samples.
The relatively emocoth grain surfacee, the topegrephic features,
and the evidence of ¢lenvage fracture indicate that fallure must
have been mechanical although electrochemlcnl cortoslon cccurred at
the surface. Thus, #*he most reasonable mechanlem for hot-salt
cracking appeara to be the stiress-gerption mechaniem.

E, Cracking in Varicus Haellde Sslts

Previous work!3-T! demonatrated that verlous hellde zalte

in sddition to NalCl can cause hot-selt cracking of titsnlum alloys,
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The tlmes required for crack inltiation in T1-841-1Mo-1V exposed to
various hallde salts deposited from saturated seclutlons are shown

in Table V. The affectiveness of the halide in promoting cracking
increaeed as the size of the ion decreased (i,e,, C1 > Br > I).

The pH of the seturated salt sclution inltially epplied to the Bped -
men ie alsc important; the time to initlate cracking decremsed with
decressling pH, Table ¥V, This result indicates that tha hydrogen lon

is more Importent than the halide ion in promoting cracking.
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V. CONCLUSIONS

The principal experimental reaults to date that support a stress-

sorption mechaniem for het-salt cracking of ftitanlum alloys are;

o Surface corroslon products are generated prior to erecking

o Crackieng 12 dug to mechmanlcal fracture with corroelon

efter propagation

o After initiation, rapid crack propagation occurs, even at

gom temparature.

0f the tweo specles, hydrogen chloride and hydrogen, that might

be active 1n the stress sorbtlon proceess, corrceicn-produced nascent
hydrogen is proposed to be the sorbed speciles responaible for
eracking, The giress corrocelon cracking process appears to oceour

by the followlng seguence:

a. Meocleture refained in salt deposits 1ls required teo initlete
pyrohydrolyels of the salt in contact with the metal oxlde
film,

k. Pyrochydrolyele generates a hydrogen halide, which penetrates
the oxide fllm and reacts to form metel helides and
hydrogen,

t. Hydrolysile of the mestal helldes reforms a hydrcgen haelide
end generatee hydrogen,

d, Hydrogen ls sorbed by the metal surfece, weakene the inter-

metallle kondes, and causes cracks teo form becauss of the

applied strese.
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FOOTNOTES

The Ssvennal River Isaboratory ls opersted oy the E. I. du
Pont de Nemours and Company for the U. 8. Atomlc Energy
Commission, under Contract AT(07-2)=1, The work reported
here wes done for the Netlonel Aercnautlicsl Space
Administration, under Purchase Qrder R-124 issued to the
USAEC .

Tredemark of Minnescta Mining and Manufacturing Company,
gt. Paul, Minnesota,
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Table I

4d30rption of Na' and CL” on Selected Metals!al){7!

Surface Adsorptlion, WLg/l0 cm?

Material Condition wet 017
Typa 304 Stainlese Steal Pollahed 0.00 12,0
Titanium Poliehed .00 12,0
TL-BALl-1Mo-1V Poliehed 0,14 1.0
T1-BAl-1Mo -1V ML11l Omide 0.03 a4
Tantslum Dxidized 0.01 140.C
Zlrcaloy-2 Oxidized 0.03 8.5
Pletinum Dxldizad 0.00  L.8

(&} Na' as radictrecer ¥2Na

1 as radictracer 2901

— b —



Teble II

Effect of Immereion Time of T1-BAl-1Mo-1V on

Adsorptlon of *Ho0 from ¥efl Soluticn (pH 6.0)

Specimen Immersion Tresatment After Counts /10 min
No. Time, hr Iumersion (3.6 cm® surface area)
Sounter p=0v
Reeding Error
1 0.5 Dried with sheorbent R34 240
tissue in alr
2 0.5 (Same as sbove 725 240
Subsequently rinsed 150 240
ln flowing hot water
3 0.8 Dried with ebeorbent 31 +240
tlasue and rinsed
lmmedilately in flowing
hot water
4 26 Dried with absorbent 1136 £260
tilssue
5 26 (Same as above ) Bas 260
Subgequently rineed in 639 £260
Tlewlng hot water
6 26 Dried with sbeorbent 519 260

tiggue pnd rinsed
immedlately 1in flow-

ing hot water
- 25 -



Tebls IIT
*HaU Radiotracer Indication

of Molsture in Salt Deposlts

Type of Salt Depositla&’ (ounts per Mlnute

Nall 35, 600

8nGlyt 2HgO 149, 400

¢y Produced by evaporation of 100 pi of saturated

salt solution of Ti-8al-1Mo-1V specimen,
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fable IV
Hyérogen (®H) Absorption by Ti-841-1Mo-1V

in Salt-Corroded Abes

Spacimen No. B _Counter Reading, Counts/10 min Erizr
Specimen Treatment (8! A B C

1 1461 430 o teks

2 1063 352 325 245

(&) Specimen Trestment: Stressed Speclmens treated with hot
NaCl for 75 hours et 650°F end rinsed
" in Clowlng hot water for one minute,
4 -~ Counts made after two chemical etches that removad
a totel 0.2 mill,
B - Counte mede after an additionel 0,1 mil removed by
grinding.
C - Counte made after an sdditionsl 0.1 mil removed by

grindling.

- 27 -



Tabkle
Effects of Type of Halogen Selt snd
Tnitial Solution pH on Time to Inltlate

Crecking of T.1.--BJ?Ll-:I.M::::-11.""’:|

pH of Expoaure Time to Initlate

Inltial Temp, Cracking,

Salt Solution op nin
Hall 4.1 650 80
.5 B5O 40

NeBr 4.7 BEC 150
0.5 650 75

NaI 8.9 750 150
0.5 50 75

SnClg' 2HgO 4.1 650 30
0.5 650 15

0.2 650 10

fuGl 3.4 650 80

-
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Flgure 2,

Figure 3,
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Flgure
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Mlezurs

Flgure
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Flgure 10,

Flgure 11,
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FIGURE CAPTICNS
Effect of pH on Adsorptien of 01° by T1-8Al1-1Mo-1V
In Fefl Solutions!”!
Radilotracer Evidence of sdsorbed Molsture {or 2H,0)
on Ti-841-1Mo-1V et Room Temperature
Effect of Molature on Nall OQrescking of Ti-B8Al-1Mo-1V
at 650°F(7) (Spacimen was exposed 90 minutes)
Effectes of Salt Compoeriilon snd Tempersture on Time
to Inttlate Cracking of TL-8A1-1Mo-1V
"Tunneling" of 8n0l,-Induced Cracks in T1-841-1Mo-1V
(Specimen waz expused at 650°F for 10 min, )
Evolutlon of Hy and HCELl During Hot Salt Jerrosion
of T1-BAl-1Mo-1V
Electron Microprobe Anelwyses of Ne snd Cl 1n Hot-Salt
Crack in Ti-841-1Mo-1vi7!
Typlcal Fractographs of Hot-Salt Cracks in Ti-8a1-1Mo-1V
Fractographs Showlng Evldance of Dlsloecsaticn Movement
Acpompanyling Fracture Durlng Hot-8elt Cracking
Fractographa Showing Bvldence of Corrcosicon of Fracturs
Faces
Fractograph Showlng Typlesal River Patterns Found in

Limited Reglong of Both Het-8alt and HCOL Cracks
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a.SnClg = B50°F b. NaCl - 650* C. Anhydrous HCi - 650°F

d. Moist HCI - 650

FIG. B TYPICAL FRACTOGRAPHS OF HOT-SALT CRACKS IN Ti-BAl- IMe-1V
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NaCl -~ 650°F Anhydrous HCI - 650°F

FIG. & FRACTOGRAPHS SHOWING EVIDENCE OF DISLOCATION MOVEMENT
ACCOMPANYING FRACTURE DURING HOT-3ALT CRACKING



FIG, 10 FRACTOGRAPH: SHOWING EYIDENCE OF CORROSION OF FRACTURE FACES



FIG 11 FRACTOGRAPH SHOWING TYPICAL RIVER PATTERNS FOUND IN
LIMITED REGIQNS OF BOTH HOT-5ALT AND HCl CRACKS



