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ABSTRACT

Work was continued to determine the mechanism
of stress corrosion cracking of titanlum alloys
exposed to hot chloride salts.

Metallographically pollshed strips of Ti-8aAl1-
1Mo~1V alloy that were stressed to the yleld
point at 650°F cracked within 3-1/2 hours with a
maximum depth of 0.022 inch after 1% days. A
heavy oxide film appears to inhiblt cracking.

Additional evidence was obtalned 1lndicatlng
that HC1l gas and presumably NaQH are formed during
dehydration of sea =zalt; either or both may be
involved in the corrosicn,

Oxides formed at 900 and 1100°F on 8-1-1 alloy
are enriched with aluminum. Cracking may involve
selective attack of this alloying element by NaOH
or NaCl.

Of the four principal chlorides in sea salt,
NaCl and KC1 used individually caused much more
cracking than MgCly or CaCly. The difference may
be related to the relatlve strengths of the hydrox-
ides of the catlons. Radlotracers #2Na and ®°C1 in
gea salt are belng used to study the roles of sodium
and chlorine in the corroslon reactlons. Traces of
both were detected on cracked samples.

Transmlssion electron microscopy studies of
the Ti-841~1Mo-1V alloy were continued.
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SIRESS CORROSION CRACKING OF TITANIUM ALLOYS
PROGRESS REPORT: JULY 1'- SEPTEMBER 30, 1964

INTRODUCTION

Thls 1s the second quarterly progress report of NASA-sponsored
regearch by the Savannah River Laboratory cn the mechanism of het-salt
stress corroslon cracking of titanium alloys.

The obJective of thls research 1s to develop fundamental knowledge
about the corrosion phenomena Involved 1in cracklng. Emphasls 1s beilng
placed on study of the T1-8A1-1Mo-1V alloy because it 1s a prime candi-
date as a structural material for the proposed supersonic transport
aireraft (SST). This alloy 18 known to be susceptible to hot-salt
cracking in laboratory tests under condiftions that may cccur during
operation of the SST, 1.e., skin temperature in the range of 550-650°F
wilth salt contaminatlon acquired during transoceanlc operations.

Radicactive tracer elements are being used 1ln studles of the
chemical reactions that occur during initlation and propagation of
cracks. Electron mleroscopy techniques are belng used to study crack
morphelogy and tc determine the effects of heat treatment and alloy
structure on cracking.

Some 1ncomplete or unconflrmed date may be included in these
progress reports.

SUMMARY
REVIEW OF FIRST QUARTER

Tests performed during the first quarter(l‘ indicated that heating
sea salt alone to 650°F produced a volatile chloride-bearing product
belleved to be HC1l gas formed by dehydration. It was suggested that
either the HC1l gas or resultant hydroxides remalining in the salt may be
involved in the initiation of stress corrosion cracking.

"Salt sandwiches" made by clamping individual salt crystals between
strips of Ti-~B8Al1-1Mo-1V alloy were heated 8 hours at temperatures from
400 to 1200°F in an attempt to observe the salt-metal reaction and
obtain corrosion products for ldentifilcatlon analyses. Visible corro-
sion products formed at temperatures »800°F.
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Electron microscopy studies revealed that:

e (Cracks propagate along alpha phase graln boundaries and alpha-
beta phase interfaces.

e Cracks formed at 1200°F appeared to propagate by chemical
attack with no evidence of mechanical rupture.

e The beta phase 1is cathodic to the alpha matrix.

Thin foils of the Ti-BAl-1Mc~1V alloy were successfully prepared
for electron transmission studies of fine structure.

SUMMARY OF SECOND QUARTER

Stress corroslon cracking initiated very rapidly in metallographi-
cally polished strips of Ti-8Al1-IMo-1V alloy stressed to the yield
point and heated at 650°F. Cracks were visible after 3-1/2 hours; the
maximum crack depth in a duplex-annealed specimen after 14 days was
0.C22 inch. An apparent difference in c¢rack propagatlon rate was
observed in two heats of the same alloy, one of which was mill-annealed
and one-duplex annealed. Cracks propagated faster in the duplex~
annealed alloy.

Mlcroscoplc examination of salt contact spots on polished surfaces
indicated that the oxlde film was thinner in the area surroundling the
spots (Figure 3). The oxide f1lm on the titanium alloy appears %o
protect againat Inltlatlion of stregs corrosion. A flame-oxldized
sample had only three small cracks after 14 days at 650°F, whereas
gamples with a pollshed surface had numerocus cracks after the same
exposure.

The compositlion of the tiltanlum oxide film is being studied to
determine 1f selective attack of alloying elementg 1is involved in
stress corrosion cracking. Preliminary analyses by spark-source mass
spectrometer of films formed at 900 and 1100°F suggest that the ratioc
of aluminum to titanium is greater in the oxide than in the base metal
(Table II).

Confirming evidence was obtained that HC1l gas is given off during
sea salt dehydration, and that most of the HCl gas is released during the
first few hours of heating at 650°F (Figure 4). The possibility that
HC1l gas or resultant hydroxide in the salt is involved in the initiation
of stress corrcosion is being investigated.



Tests comparing the degree of cracking caused by each of the four
principal salts in sea salt (NaCl, KCl, MgCl,, and CaClp) showed that
NaCl and KCl1l produced severe cracking durlng two weeks exposure at
650°F, while MgCl, and CaCl, produced only a few tiny cracks (Figure 5).
This may be related to the fact that sodium and potassium form strong
hydroxides while magnesium gnd caleium form weak hydroxides.

Attempts to ldentlfy the corroslon pro¢ucts of sea malt and T1
metal have been unsuccesgsful. In order to reduce the complexity of
corrosion products, pure NaCl, which has been demonstrated to be an
effective cracking agent, will be used instead of mea salt for future
tests.

Sepsrate tests using salt containing radiotracer *5C1 and salt
containing radiotracer 22Na showed that small amounts of both 22C1 and
22Na were present in cracked areas (Table III). An autoradiographlc
technique is belng lnvestigated, but has not yet been perfected, to
determine the exact location of these radiotracers wilth respect to the
cracks.

In duplex-annealed sheet material, the initlation of stress corro-
slon cracks appears to be lndependent of the orilentation of the sample
wilth respect fo the rolling direction. Room~temperature tensile tests
of this material also showed no slgniflcant differences of mechanical
properties or atrain anisotropy in the longltudinal and transverse
directions. '

Transmission electron mlcroscopy of thin folls of duplex-annealed
Ti-8A1-1Mo-1V alloy showed that the matrix was alphe phase and that the
large second-phase partlcles were beta phase. Structural features such
as dislocatlons, dislocatlon networks, and stacking faults were observed
in many areas in the foll, suggestlng that the stacking fault energy of
the alloy was rather low.
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DISCUSSION
PROCUREMENT

A i~ by B-foot sheet of 0.050-inch~thick Ti-8A2-1Mo-1V alloy was
recelved from Langley Research Center. Sheet from the same heat,
number D-5657, was used by Langley for studies of mechanical properties.
This material was used in most of the tests during the second quarter
and will be used in all future tests.

Radiotracer #®Na (as NaCl acidic solution) was purchased from Oak
Ridge for studles of the role of sodium in the stress corrosion phenom-
enon, Thils isotope emits both beta and gamma radistion as follows:

22Na half-life = 2.58 years
¥ = 0.54 Mev
v = 1.28 Mev

This radiotracer was lncorporated lnto a neutral saturated solution of
NaCl.

EXPERIMENTAL PROCEDURE

The Initiation and propagation of hot-salt cracking was studled
using metallographically polished strips of Ti1-841-1Mo~1V alloy. Two
different heats of the alloy were used: TMCA D~3420 (0.030-1nch sheet,
mill-annealed), and TMCA D-5657 (0.050~inch sheet, duplex-annealed) .
Heat analyseg are glven in Table I. In order to obtaln results 1in a
reasonable time, tests were performed at 650°F with samples stressed
to the yleld point. ’

TABLE I
Heat Analyses of T1—8A1—1Mo-1V“Alloy

Composition, wt %

Heat No. D-3420 Heat No. D-565T7
{0.030-inch sheet, {(0.050-1inch sheet,
Element mill-annealed) duplex-annealed )

c 0.023 0.026

Fe 0.08 0.11

N 0.012 0,011

Al TaT T.9

v 1.0 1.0

Mo 1.0 1,1

H 0.006-0.007 0.003-0.006



Strips 3/4 inch by 3 inches were ground and polished on one surface,
then stressed in a four-poilnt loading sample holder to a calculated
stress of 90,000 to 100,000 psi at room temperature. Salt was applied
as droplets of a saturated neutral solution. Varlous forms of salt
were used: natural ses salt, sea salt containing ®%C1, NaCl containing
either %2Na or ®°Cl, and individual chlorides of K, Mg, and Ca. The
samples were placed in a small muffle furnace at 250°F to dry the
salt, then transferred to a muffle furnace &t 650°F and exposed for
various times up to 49 days. The atress level at 650°F was apparently
at the yield point because the strips were slightly bowed when removed
from the sample holders.

The strips were examined microscopically after the salt deposlts
were removed by swabbing in running water. Representative samples were
gsectioned to determine depth of c¢racking, whlle the remaining samples
were studled by radiation counting techniques and/or autoradiography
to determine the rolea of chlorlde and sodlum. In some cases the cor-
roded surfaces were reground and repclished to determine 1f radiotracers
remalned in the cracked areas.

A few U-bend samples stressed to plastic yleld were also exposed
at 650°F for metallographlc examlnations.

EXPERIMENTAL RESULTS

Initiation and Propagation of Cracking

Stress corroslon cracking initiated very rapldly in metallographi-
cally pollshed surfaces. Tlny cracks were cobserved microscoplcally at
points of contact with NaCl crystals on one sample from heat D-5657
after only 3-1/2 hours as illustrated in Figure 1. Inciplent cracking
of samples from heat D-3420 was also detected under deposita of sea
salt after 5 hours.

Crack depths were measured on metallographlc sectlons of samples
from heat D-3420 (mill-annealed) exposed for perlods of 1 to 49 days
and are plotted in Figure 2. Maximum crack depth was 0.005 inch after
1 day and 0.010 inch after 49 days. No measurements were made on cracks
that formed in less than 1 day, but the fact that cracks were visible
on the surface after 5 hours indicates that the lncubation period for
cracking 1s less than 5 hours. The rate of crack propagatlon in these
four-polnt loaded strilp samples was much slower than in U-bend type
samples of the same heat (D-3420) also exposed at 650°F. After 14 days,
the depth of cracking in U-bend samples was 0.020 to 0.025 inch. This
difference 1n crack preopagatlon rate 1s probably due tc the combina-
tion of cold work of the metal during bending into the U~shape and the
more complex stress patterns developed in the U~bend samples.
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FIG. 1 MICROCRACKS AT NaCl CONTACT SPOTS ON PREPOLISHED
Ti-8Al-IMe-1V ALLOY AFTER 3)2 HOURS AT 650°F. Sample was
duplex -annealed material, stressed to the yield stress at 650°F. 250X
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The facteors that influence the crack propagation rate have not
been investigated 1n detall, but the propagation rate in the duplex-
annealed heat D-5657 was greater than 1n the mill-annealed heat D-3420.
In four-point-loaded strip samples from D-5657 the maximum crack depth
was 0.022 inch after 14 days at 650°F.

The effects of alloy composition, cold work, heat treatments,
stress level, and test temperature on the time fto 1nitiate cracking
and the rate of propagation will be 1nvestigated in future tests.

Examination of Salt Contact Spots

Micrcgcople examination of sample surfaces after the excess salt
had been removed revealed several interesting features. Filgure 3 shows
the surface of a sample exposed 1 day at 650°F to a deposit of sea salt
that was applied 1Initially as droplets of a saturated sclution. Spots
where individual salt crystals reacted with the metal were clearly
vigible. Pitting and cracking occurred at many of these spots. An
unusual pattern of corrosien shown 1in area "B" appeared to be related
to some crystallographic feature of the salt crystal. The pattern was
much larger than the slze of the indilvidual grains in the metal, as 1is

FIG. 3 MICROSTRUCTURE AT SALT CONTACT SPOTS ON PREPOLISHED
Ti-8Al-TMo-1¥Y ALLOY EXPOSED 1 DAY AT YIELD STRESS AT 650°F

WITH SEA SALT DEPOSIT. Material was duplex -annealed. Note the tiny cracks
and pits at A; a corresion pattern ot B related to crystailographic planes in salt crystal;
and that the oxide film is apparently thinner around salt contact spots. 250X

- 10 -



seen by comparison with Flgure 10a. This observation may provide some
Insight to the mechanlam of c¢racking, and will be 1investigated in more
detall in the next quarter. A high rescluticn autoradiography technl-
que wlll be used in future tests wlth salt contalning radlotracers
22Na, %901, and °H (tritium) to study these initial stages of salt-
metal corrocslon.

Another interesgting feature shown in Flgure 3 1is that the oxlde
f1ilm on the polished metal surface 1s lighter (more reflective) at
salt contact spots, which implies either that the oxlde did not grow
a8 rapldly 1ln these areas, perhaps because of the presence of a reduc-
ing atmosphere (HC1 gas), or that the oxide was consumed during the
salt-metal reaction.

Role of Surface Oxide

The rapid initiation of cracking 1in polished surfaces and the
regults of microscoplec examinatlon of salt contact spots described
above guggested that the inltlation of hot-salt cracking may be strongly
influenced by the nature of the surface oxide film. Titanium 1s an
extremely reactive metal which 1s prevented from corroding rapidly in
the atmosphere by the formatlion of a thin protective oxide film. If
hot-8alt cracking involves chemilcal reactions with the base metal,
elther the reactants must diffuse through the oxide, or the oxlde fllm
must be dissolved by some reactant or mechanlically ruptured. The first
two mechanisms seem most llkely.

Locallzed dissolution of the oxide or diffusion through it should
depend on its thickness and composltion. The thickness and possibly
the composition should depend on the temperature at which the oxlide is
formed. During this quarter studies were begun to determine the effect
of heating at various temperatures on the composition of the oxide film
and to determline the effect of these oxlde films on Initiation of stress
corrogleon cracking.

Preliminary analyses uslng a spark-source, double-focusing mass
spectrometer ciow that in oxide films formed at 900 and 1100°F, the
ratio of aluminum to titanium 18 quilte varlable, probably because the
instrument examines a very small volume (a sphere of sample 20 microns
in diameter). However the average gluminum-to-titanium ratio in the
oxlde 1s greater than in the base metal (Table II)}). This raises the
possibility that the initilation and propagatlon of cracks 1lnvolves
selectlve attack of alloyling elements.
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TABLE IX

Spark-Scurce Mass Spectrometer Anslyses
of Oxide Film on Ti-8Al-1Mo-l1V Alloy

Temp of (a)
Oxide Time at Ratio of Alloy Element to Ti, wt % x 100
Formation, Temp, Oxide Bage Metal(b)
CF hr Speeimen Al/T1 V/T4 Mo/T1 Al/T1 V/Ti Mo/Ti
900 3 1 19.5 0.98 0.26
2 71.4 0,72 0.23
3 6.7 1.24 0.66
4 102,90 ™o 0.34
Avg 5.0 0.92 0,37
1100 3 1 56.9 0.78 0,45
2 21.4 o0.7% 0.30
Avg 39.2 0.76 0.38 23,1 1.2 0.51

{a) These ratios are calculated assuming that the sensitivity of
detecticn 1s unity. The sensitivity 18 not unity, but sensitivity
1s constant for a given matrix, Therefore, the ratios shown for
the base metal can be used as a qualitative reference to determine
1f a given element is enriched in the oxide.

(b) Average of ratlcs from 12 individual determinations.

Ohly one test has been performed to date to determine the effect
of oxlide film thickness on stress corrosion cracklng. A strip of Ti-
8A1~1Mo-1V alloy was heated in an oxy-acetylene flame to preduce a
thin adherent scale. The strip was then cut longltudinally, and one-
half was ground and polished. Both pleces were then stressed in the
same hclder, sea salt was applled, and the holder was placed in a
muffle furnace at 650°F for 14 days. After removal of the excess salt,
numercus cracks were vislble on the polished sample, but the scaled
sample had only three tiny cracks near the edge along whlch the cut was
made. These cracks were not visible until the surface scale was removed
by light grinding and polishing. The difference 1n susceptibllity tc
eracking was not due to heating effects on the structure beeause the
rolished half received the same heat treatment. This test indicates
that a heavy oxide fi1lm may protect agalnst initiation of cracking
which agrees with previous reports that anodized surfaces reslst
cracking !8'., These studies are continuing.

Tests using the isctope 120, to determine the role of oxygen in
the corrosion phenomenon have not been started. Preliminary consldera-
tions have 1lndlicated that mass spectrometrlic analyses do not appear to
be feaslible for tracking the behavior of this nonradloactlve 1sotope.

4 sultable alternative technique has not yet been developed.
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Role of Moisture end HCl Gas

Previous tests(l) using natural sea salt and sea salt containing
radliotracer 2601 provided evidence that a volatile chlorine-bearing
product, tentatlively identified as HCLl gas, 1s given off when elther
salt alone or galt-coated chips of titanium alloy are heated at 650°F.
The HC1 gas presumably 1s generated during dehydration., During this
quarter, confirming evidence was obtalned that the product 1ls HC1l gas
and not volatile metal chlorides.

Thin chips of Ti-8A1-1Mo-1V alloy were placed in a glass boat
and 5 ml of saturated sea salt sclutlon was added., The mixture was
evaporated to dryness on a warm hot plate at about 200°F, The sample
was then placed in & tube furnace at 650°PF, and dry air was blown over
the sample, through a glass wool filter, and then bubbled through de-
ionized water. The water was removed after various times and replaced
each time with fresh water. The water samples were analyzed for (1 ,
Na, K, Mg, Ca, Ti, and Al., Signiflcant concentrations of Cl™ were
found, but only traces of the metallic elements were present (parts
per billion range), indicating that the product must be HC1 gas, The
concentration of chloride ion was far in excess of that which would be
formed by dissoclation of chlorine gas in the water. However, this
does not preclude the possibility that a trace of chlorine gas was
present, The fact that C1” was detected when salt alone was heated
provides additional evidence that the product is HC1l gas.

Mest of the HCl gas was glven off during the first few hours of
heating. This is shown in Figure 4, in which chloride lon concentra-
tlon expressed as ppm accumnulated in the water per hour of air flow 18
plotted against test time. The apparent sudden release of chloride-
bearing product during the second hour of heating will be investigated
further to determine the influence of molsture in the salt and in the
oxide f1lm and whether thils effect is reproducible. It is expected
that molsture in the salt plays the major rcle in determining the gquan-
tity of HC1 glven off. The mcisture content is apt to vary among
samples, and therefore the guantitative amount of €1~ accumulated In
the water may vary somewhat in multiple tests of the type descrilbed
above. ’

Studies are continulng to determine 1f HC1l gas or the resulfant
NaOH 1s involved in stress corrosion. Either of these chemlcals could
selectlvely attack aluminum in the oxide and base metel. Evidence of
NaOH in salt-metal corrcosion products was reported by Martin, '2' who
suggested that NaCH was a product of the corrosion reactions. The SRL
evidence suggests that NaOH may be a reactant.
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“Averages for single water samples used continuously for 3 hours,

Role of Cations in Solt

Sea salt contains four principal chlorldes: NaCl, KC1l, MgCl,,
and CaCl,. Tests performed during the gquarter to determine 1f cracking
behavior is influenced by the catlon specles revealed that NaCl and KC1
are much more aggresslve than MgCl, and CaCl,.

Dropletes of saturated solutions of each of these four indlvidual
¢chlorides were driled on polished-and-stressed samples that were sub-
sequently exposed 14 days at 650°F. After exposure, the excess salt
was washed off and the sample surfaces were lightly repolished (no
grinding) for microscoplec examination. As shown in Figure 5, NaCl and
KC1 caused severe pltting and cracking, whille only a few tiny cracks,
which were very difficult to find, occurred on samples exposed to
MgCl, and CaCl,.

These results may be related to the strengths of hydroxides of
these cations. NaOH and KOH are both strong bases, whereas Mg(OH)
and Ca(OH) ., are both weak bases.

In order tc minimilze the complexity of reactions and products
invelved In hot-salt cracking studies, future tests will use only NaCl.
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Identification of Corrosion Products i

Attempts to use X-ray diffraction for idehtification of corrosion
products produced in "salt sandwiches" exposedfat varlous temperatures
during the first quarter have been unsuccessful. The "salt sandwich"
technique of observing the salt-metal reactlion has been abandoned in
favor of microscopic examlinatlion of salt contact spots on prepclished
gurfaces. :

A hot-stage X-ray diffraction fechnique ﬁs being consldered for
studies to identify corrosion products generated "in situ."

Tests with Radiotracers 38C| and 22Na

Radiotracers ®fC)1 and #2Na are being used in studies of hot-salt
corrosion. Traces of both ®2Cl and 22Na have been detected by radia-
tion counters in cracked samples after all excesgs salt and corrosion
precducts were removed by washing, light grinding, and polishing. How-
ever, a high-resclution autoradiography technique has not yet been
perfected for determining the exact locatlon of these elements with
respect to the cracks. ;

Typlcal radloactivity counter results aré summarized 1n Table IIT.
The level of radicactivliiy was quite low afteﬁ removal of excess salt.
The low activity level may be due to removal Qf soluble c¢hloride and
godium bearing reactants and products during washing. However, the
fact that even traces of actlvity are present}after light grinding and
polishing indicates that both chloride and sodium are present either
in the cracks or in mlcroplts. -

TABLE III

Results of Tests Using Radiotracers ®®C1 and ®2Na

Beta Radistion Detected,

Exposure, counts per minute
days Sample Washed,

at 650°F(a) Salt Tracer Sample Washed Reground, and Polished
7 Ses salt ®°Cl 5 -
14 Sea salt 26C1 30-60 -
14 Sea salt %°C1 70 20-50
14 NaCl 3801 170 12
7 NaCl BZ2Ngp, 85 20=30

{ai Cracks occurred on all samples.
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In future tests the excess salt will be removed by dry brushing
and scraping so that soluble specles can be retalned ln the corrcded
areas. Also, the rcle of hydrogen will be investigated by using °H
(tritium) in the salt water used to apply the salt deposits.

Effects of Sample Orientation in Rolled Sheet

A limited number of tests were performed to compare the cracking
behavior and mechanical properties of strip samples cut parallel to
and transverse to the rolling direction of the duplex-annealed Ti-
881-1Mc~1V alloy sheet (heat D-5657). Sample orientation appeared to
have no effect on initiatlon of cracking 1n strips with NaCl deposits
exposed for various times from 5 hours tc 1 days while stressed to
the yield stress at 650°F. Tiny cracks were visible after 5 hours in
both types. Crack propagatlon rate was not determined.

Room-~-temperature tenslle tests showed that the mechanilcal proper-
tles and straln anisotropy were approxlimately the same in the longl-
tudinal and transverse directions. The load-elongation curves for
both directions were nearly ldentical and showed g definite inflectlon
at approximately 9% elongation {Figure 6). Metallographlc examination
of specimens tested to different points along the load-elongation curve
revealed that the inflection corresponded to the iniltiatlon of twinning
and the start of necklng.

2000
»—Fracture
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£ 1500}
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FIG. 6§ TYPICAL LOAD-ELONGATION CURVE FOR Ti-8Al-1Mo-1V
ALLOY IN THE DUPLEX-ANNEALED CONDITION
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Fractography of the rupﬁure surfaces on tenslle samples showed
that fallure occurred predominantly by shear. As shown in Filgure Ta
and b, comparison of the number of beta phase particles in a metailo-
graphlc gection with the number in the rupture surface indlcated that
fracture occurred through the alpha matrix with no preferential crask-
ing along beta-alpha phase boundaries or through beta phase particles.
This is in contrast te the preference for hot-salt stress corrosion
cracking to occur along beta-alpha phase boundarles shown in Figure 10b.

a. Metallographic section. Note the b. Tensile rupture surface. MNote that
large number of beta particles. little or no beta phase can be seen.

Arrow points to possible beta particle.

FIG. 7 COMPARISON OF BETA PHASE PARTICLES IN METALLOGRAPHIC SECTION
AND TENSILE RUPTURE SURFACE. The jack of evidence of beta phase in the tensile
rupture indicates that the alloy had no preference for fracture along beta -alpha phose boundaries
or through beta particles. 3200X

Electron Microscopy Studies

During this quarter, transmissicn electron microscopy studies
were directed toward further characterization of Ti-8A1-I1Mo-1V alloy
structure, Thin foils for transmission studies were prepared from the
0.050-inch-thieck sheet of duplex-annealed alloy (heat D-5657). The
structural appearance of many regions of this material (Figure 8) was
gimilar to that seen previously in foils prepared from the 0.030-inch-
thick sheet of mill-annesled alloy (heat D-3420). Selected-area
electron diffracticn studies revealed that the matrix waes the hexagonal
aipha phase and that the large second phase particles in the matrix
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. 37,000X b. 37,000X

FIG. 8 ELECTRON TRANSMISSION MICROGRAPHS OF Ti-8AI-1Mo-1V
ALLOY IN THE DUPLEX-ANNEALED CONDITION

a. 37,000% b. 50,000X

Note coplaner arroy of dislocations Note stacking faults A,B, and C
at area A and the hexagonal dislecation
network with extended nodes at D

FIG. 9 DISLOCATIONS IN THE Ti-8Al-1Me-1V ALLOY IN THE
DUPLEX -ANNEALED CONDITION
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were the body-centered cubic beta phase. Dislocations, dislocation
networks, and stacking faults were apparent in many areas 1ln the foil
(Figure 9). The observation of coplanar arrays of dislocations (Figure
9a), stacking faults (Figure 9b), and extended nodes in dislocation
networks (Figure 9b) suggest that the stacking fault energy of the
alloy was quite low. The reasons for the structural contrast in
regions such as shown in Figure 8a have not yet been determined;
however, it is probable that hydrogen was charged into the samples
during foil preparation. Hydride contamination has been shown to

|
prcduce such contrast effects in titanium a11st‘3 .

|

During foll preparaticn, the thinning Opqration caused preferential
attack to occur along the alpha beta phase boundarles and along alpha
grain boundaries, as previously reported!l'. It 1s interesting to
compare thls preferential attack to the mode of attack that occurs
during preparation of stainless steel foils.'#»3) In austenitic stain-
less steels stress corrosion cracking normally occurs along transgranular
pathe, and stacklng faults and ceplanar arrays are belleved to be the
susceptible paths. Preferentlal attack cccurs along these paths durlng
preparatlion of thin folls of stainless steel, Just as preferential
attack and stress corrosion cracking occur along graln and phase bound-
arles in Ti-8Al-1Mo-1V alloy. This comparison suggests that a corrosion
phenomenon plays a maJor role in crack propagation 1n both stailnless
gteels and titanium alloys.

The morphology of hot-salt cracking in a U-bend sample from heat
D-3420 exposed to sea salt and alr at 1200°F was described previously
in some detail.!®' The cracks were fllled with corrosion products,
presumably an oxlde. During the past guarter, cracking was studled in
a sample from the same heat of alloy exposed for two weeks to sea salt
and air at 650°F. As 1n the previcus sanmple, the eracks predominantly
followed the alpha-beta interfaces and the alpha grain boundaries;
however, some indications of transgranular cracking were noted (Figure
10a). The cracks produced at 650°F (Figure 10b) were much finer than
those produced at 1200°F (Figure 10c¢) and little or no oxlde was appar-
ent within the cracks. In addltlon to the formation of hot-zalt cracks,
the two-week exposure at 650°F produced more of the fine second phase
withi? the alpha grains (see Reference 1 for a discussion of this
phase) .
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a. Cracked at 650°F. Note traces
of transgranvlar cracking. 500X

b. Cracked at 650°F. 1500X c. Cracked at 1200°F. 1900X%

FIG. 10 COMPARISON OF HOT-SALT CRACKS FORMED AT 650 AND 1200°F.
Cracks formed at 650°F were finer and contained little or none of the oxide seen in the

crack formed at 1200°F
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