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FOREWORD

This report was prepared by Armour Research Foundation, Chicego,
Illinois, under USAF Contract No. AF 33(616)-7612. The contract was
initiated under Project No., 7351, "Mstallic Materiels," Task No.
735106, "Behavior of Metals." The work was administered under the
direction of Directorate of Materials and Processes, Deputy Commander/
Technology, Aeronautical Systems Division, Wright-Patterson Air Force
Base, Ohio, L$. R. T. Ault was the project engineer.

¢ This report covers werk done fram 15 October 1960 to 14 December
1961.

Armour Research Foundation personnel vho made major contributions
to the program were: F. A, Crossley, project leader; T. Niemeyzk,
project technician; B. J. Steng, project technician; H. Sheriff, tech-
niecian, Creep Test Laboratory; J. R. Dvorak, metallographer; and R. F.
Dragen, metallographer. The data reported herein are recorded in ARF
Logbooks Nos. C-10609, C-11162, and C-11316, assigned to Project No.
ARF 2206, This report is identified internally as ARF 2206-6.
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ABSTRACT

The relationship between quantity of ASTM sea salt, varying from

0.0002 to 0,02 g/sq in., and thickness of anodized f£ilm--0, 2, gnd 8 micro-
inches-~in elevated temperaturs streas-esorrosion cracking of the titanium
alloys Ti-6A1-LV and B-120VCA was investigated. Exposure conditions were
800°F~25,000 psi~190 hr for the former alloy and 600°F«100,000 psi-190 h:- fon
the latter. Damage was progressively greater with increasing quanti

salt. The anodized films appeared to be of no benefit to the Ti-6Ale V alloy;
however, it appeared that limited protectiom was afforded B-120VCA.

The alloys: 202L-T86, T7075-T6, ZK-60A-T5, 17-7 PH RH 950, and
B-120VCA in two conditions of grain size and two conditions of surface treat-
ment were tested as follows: tensile test in air at room temperature, and in
distilled water and ASTM sea water at 32°, 75%, and 212°F; and statically
loaded at 90% of the yield strength in nedia of air, water, and ASTM sea water

‘at room temperature.

Other evaluations made were as follows: effect of surface contaninae
tion on the susceptibility of B~120VCA to premature failure in ASTM sea uttor\;
effect of ion species on the susceptibility of 7X-60A, 17-7 PH, and B-120VCA :
to stress corrosion or premature failure in static load tests; and behavior
of weldments of B-120VCA in tensile and static load testing in ASTM sea water,

The results indicate that B-120VCA is more resistant to failure than

17-7 PK under the conditions of these experiments. However, weldments of
B-120VCA failed in the elastic region when tensile tested in ASTM sea water.

PUBLICATION REVIEW
This report has been reviewed and is approved.

WX

W. Jo Trapp

Chief, Strength and Dymamics Branch
Metals and Ceramics Laboratory
Directorate of Materials and Processss
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I. INTRODUCTION

In laboratory tests certaln materisls for aireraft and missile con~
struction were observed to fall prematurely when subjected to stress approx--
imating their yleld strength in the presence of aqueous salt (ASTM sea water)
golution, The materials were: aluminum alloy 202=786, magnesium allocy
ZK=-60A, precipitation hardenable stainless steel 17«7 PH, and titanium alloy
B-120VCA (1), The fact that fallures of this type have occurred on aircraft
structures indicates a problem in need of elucidation,
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Another problem of consequence is the stress corrosion of titaniume
base alloys Ly chloride salts at elevated temperatures, Apparently there 1s
little cause for concern for titanium-base alloy parts incorporated in aire
planes presently flying, The upper temperature limit and the stress condi-
tions for thease applicatlons are not within the critical zone as defined by
laboratory teste for the particular alloys involved, However, newer develop-

4 ments are cause for apprehension. Specifically, it is desired to push the
temperature limit for titanium application higher--that is, into the region
where salt stress corrosion proceeds at a high rate, Also, a newly developed
alloy, P=120VCA, which shows promise of being widely used in aireraft and
miasiles, has been shown in laboratory tests to have a lower temperature
limit for severe damage than alloys like Ti=6Al-LV, Since this heat-treate
able alloy was tested in a highwstrength condition, this may be a reflection
of the greater notch sensitivity.
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It is known that the rate of stress-corrosion eracking is dependent
upon the amount of salt present, In laboratery tests applied salt concenw
trations have, for the most part, been greatly in excess of accumulations
that one might expect in service. One of the reasons why titaniun alloys may
appear to perform better in service in marine atmosphere than one might suppose
based upon laboratory tests is that salt accumulations are smaller than the
amounts usually applied in tests. Also, it is known that anodized f£ilms
afford some protection, Important questions which need quantitative answers
are: (1) what protection is given by an anodized f£ilm, and (2) what is the
influence of salt concentration?

v

In regard to premature failure in aqueous salt solution the objectives
of the current program are to: (1) define the conditions under which such

N failures occcur and (2) to develop information which will contribute to undexre
z standing the mechanism involved, Materials of this part of the program are:
the aluminum alloys 202L-T86 and 7075«T6, ZK-60A, 17-7 PH, and B~l120VCA, Test
methods consist of dynamie tensile and static load testing in air, distilled
= vater, and ASTM standard sea water, Dynamic tensile tests were conducted on
a "hard" machine capable of detecting the occurrence of cracks which cause a
drop in load of 20 pounds (equivalent to about 900 psi for the specimen

Manuseript released by author November 1961 for publication as an ASD
Technical Report,
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geometry used). Dynamiec tensils tests were conducted at nominsl )
temperatures of 32°, 75%, and 212°F for aqueous environmenta. Static load
(tansile) tests were conduoted at room temperature only. All materials were

evaluated as age-hardened sheet in two grain size conditions and two surface

conditions: freshly ground under the test medium and with a protective film
on the surface, Selection of these two surface conditions was based upon
current work in the area of fracture mechanics and the influence of test
environments., The work indicates that factors of importance are reproduci-
bility of the surface condition and the presence or absence of a surface
film, eg., the natural oxide, The first factor is important in order that
results of independent investigators may be mutually reproducible and corre-
lated. The second factor has been shown to have significant influence in
single crystal work, and in work on polycrystalline manganese bronze of the
author's experience (2).

In regard to elevated temperature salt stress corrosion of titaniume
base alloys, the objective is to define the relationship between thickmess of
protective anodized film, quantity of salt present, and specimen life or
degree of damage after 190 hours' exposure. Evaluations were made at single
expogure temperatures of 600° and 800°F for sheet B=120VCA and Ti=6A1-LV
alloys, respectively.

II. EXPERIMENTAL PROCEDURES

A. Materials

The materials of this investigation, their sources, gages, and nominal
or actual compositions are given in Table 1. The materials were evaluated in
the as-received condition with respect to microstructure and in a coarser
grain size condition with the exneption of B-120VCA. The second micro-
structural condition of this alloy was of finer grain sise produced by cold
rolling and recrystallization. GOrain coarsening of the other alloys was
accomplished by annealing at relatively high temperatures. Crain coarsening
temperature of the aluminum and the magnesium alloys was limited to S00°F due
to grain boundary melting, Treatments to produce the second grain size and
the grain size of the materials evaluated are given in Table 2, Grain
coarsening treatments were arrived at by trial. The materials initlally were
relatively coarse grained and, except for ZK-60A, were quite resistant to
grain growth.

The invoice accompanying the B-120VCA material indicated that it could
be aged to the desired strength level in 2L hours st 900°F. However, after
such a treatment the tensile properties were little different from the as-
received or solution-treated properties. An aging study monitored by hardness
measurements indicated that aging should be for LO hours at 900°F. Aging heat
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treatments were carried out in a positive pressure, static argon gas atmos-
phere. Titenium sponge was placed in the hot zone between the test pieces
and the entrance end of the retort for gettering residual impurity geses.
After heat treatment 0.5 mil was pickled from each surface. _The pickle bath:
consisting of an aqueous solution of 3% HF, 30% HNO., and 5% Hy0,==vas
operated at 150°F. The finer grained material was produced by cgld rolling
04090 in, material to SO% reduction, and recrystallising at 1325°F for 1 hr
followed by air cooling, Because of the size of sheet the recrystallization
treatment was done in air. A total of L mils of surface was removed by
pickling in order to insure removal of contamination,

It was originally planned to evaluate the 17-7PH material in the TH
1050 condition, However, in this condition the material exhibited a yield
strength of only 1k0O,000 pasi--about 40,000 psi below the desirsd level., There=-
fore, the RH 950 treatment was employed,

The "ground" surface condition was prepared by abrading with 120-150T
Porter Cable abrasive under the test medium, For tests in aqueous media the
reduced section was not pemitted to dry between grinding and testing. This
was to insure that the molecular species adsorbed on the surface would be
the test medium. The other surface condition evaluated was a protective film,
The aluminum alloys, 202L and 7075, were anodized according to the procedure
AMS specification 2L71 while the magnesium alloy, ZK-60A, was chramated
following the procedure AMS specification 2475A, The stainless steel, 17-7 PH,
vwas passivated by holding in a 25% I-IN(J3 solution at 120°F for 3C minutes, The
titanium alloy, B-120VCA, was anodized”to a £ilm thickness of 8 microinches
as described below, A1l test specimens were longitudinal with respect to the
rolling direction.

B. Elevated Temperature Salt Stress Corrosion

The elevated temperatures salt stress corrosion tests were conducted
in 2031 lever arm creep test stands. Sheet test specimens contained a 2 x 1/L
in. reduced section, The salt was applied by spreading 0,05 ml of salt solutions
of concentrations: 10, 1, and 0.,1% ASTM sea salt (7 parts NaCl to 1 part HgClz)
over one side of the 1 in, center part of the reduced section, The solutions
vere allowed to evaporate to dryness before the specimens were placed in the
test stands, Exposures were for 190 hours at temperatures of 600°F for B-120VCA
and 800°F for Ti~-6A1-LV, The stresses applied were estimated to produce not
more than 0,2% creep deformation, and were 100,000 psi for B-120VCA and 25,000
psi for Ti-6Al=LV, Specimens of each alloy were svaluated in three surface
conditions: freshly plckled, with 2e-microinch anodized film, and with
8~-mioroinch anodized film, Anodizing was carried out in a 1% KOH solution.
The thinner film was produced by anodizing for 30 sec at 18 volts; the thicker
£ilm was produced by anodizing for 15 sec at 68 volts followed by 15 sec at
74 voltss The latter procedure resulted in a more uniform £ilm than anodizing
for 30 sec at 7L volts, After elevated temperature exposure, specimens were
tengile tested at room temperature.




C. Tensile Testing in Aqueous Media

Shest test specimens for tensile teats contained a 2 3/8 by 3/8 in,
reduced section except the finer grained B-120VCA and the coarser :
17-7 FH specimens. Since a number of the 3/8 in. width specimens of these
alloys in the as-received conditlon falled in the pin hole, the materials
processed to change the grain sise of these two alloys were machined to 1/k
in, width, The tests were made on a Riehle machine of 20,000-~1b capacity. A
constant cross-head speed of 0.2 in./min was used in all testing. For teasts
in agueous media at room temperature the medium was contained im a 1 in,
plastic tube surrounding the reduced section of the test specimen. The
container was sealed at the bottom Ly means of a rubber stopper slotted to
accommcdate the test specimen., Dow Corning stopcock greass was used to
complate the seal between the specimen and the rubber base plug. Tests
conducted above or below room temperature had the medium contained in a

2 1/2-in, diameter Pyrex tube reduced at the base to 1 1/2-in, diameter. The
base wa® sealed by means of a rubber stopper with a hole in the center to
accommodate the lower pull am, about which the seal was made., The lower
pull am pin was coated with Ray-Bond adhesive R-81001 (Raybestos=Manhattan,
Inc.), in order to prevent electrochemical effects external to the test
specimen, Thermocouples in contact with the specimen under the test medium
were also coated. TFor tests at 212°F a resistance heating coil was wound
around the Pyrex tube; for tests at 32°F crushed ice was added to the mediunm,
Load-strain curves were recorded autographically. A drop in load of 20 1lb
vas readily detectable,

D, Static load Tests in Aqueous Media

Static load tests in aqueous media were conducted at room temperature
only. Test loads were equivalent to about 90% of the 0,2§ off-set yleld
strength, and test duration was 24O hr or rupture whichever occurred earlier,
The aqueous media were contained in 1 in, plastic tubes in the manner described
above for tensile tests., Specimens surviving the exposures were tensils
tested.

E. Evaluation of Weldments of B-120VCA

Since the grain size of weldments in B~120VCA is usually much larger
than the parent grain size, an evaluation by the above means (tensile test and
static load) was made of welded specimens. Welds were longitudinal with respect
to the rolling direction and were tested in the longitudinal direction. Bsad
welds on 0,062 in. sheet were made by the tungsten inert gas process, operating
at 10 volts and 95-100 anps current. welds were made under three sets of
conditions: (1) normsl conditions, (2) a 300 gauss magnetic field parallel to
the welding electrode imposed and field direction alternated at the rate of
10 cps, and (3) 250 gauss magnetic field imposed and field direction alter-
nated at the rate of 2 cps, The last two conditions were for ths purpose of
refining the weld grain size. Rxperiments exploring various means ineluding
mechanical vibration and magnetic stirring for refining weld grain size of
B=120VCA indicated magnetic stirring to be more effective (3). Aging of the
welded specimens was done at 900°F for LO hr and was followed by a flash
anneal at 10CO°F for LO min to improve ductility.
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III. RESULTS AND DISCUSSION
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Ae Microstmoture of Materiala

Table 2 summariges the heat treatments applied to the test materials
and the grain sise measurements, Representative microstructures are shown in
Figs. 1 through 10. Only the 17-7PH in both grain size conditions and the
ZK-60A in the as-received condition were equisxed. Therefore, grain measure-
ments are given in terms of the average dimensions of ths major and minor axss
of the graina, The microstructure of the cold-rolled and recrystallized
B-120VCA alloy (see Fig. 10) was quite varied. Apparently much of the structure

recrystallized by sscondary recrystallization.

B. Elsvated Temperature Salt Corrosion

All specimens of Ti-6A1-LV and B-120VCA survived the stress-corrosion
exposures. A control spacimen of Ti-6A1-4V alloy exhibited 0.17% creep under
the exposure conditions of 25,000 psi stress at 800°F for 190 hr, while a
control specimen of B-120VCA exhibited 0.055% creep under the conditions of
100,000 psi stress at 600°F for 190 hr., Post-exposurs tensile properties for
the two alloys are given in Tables 3 and L, respectively., Tensils elongation
as an indication of the extent of stress-corrosion damage is plotted in Figs,
11 and 12 versus the salt concentrations on the surface. ’

The Ti-6A1-LV alloy exhibited significant stress-corrosion effects
only at the highest salt level., Anodizing does not appear to have had any

effect under these exposure conditions.

Metallographic examination of specimens exposed to the heaviest salt
concentration all exhibited surface corrosion and occasional pits. The latter
are probably the locl of individual salt cxryatals. However, no cracks were
observed, This finding is essentially is agreement with those for accelerated
sodium chloride stress-corrosion testing carried out by the titanium producers.
The conditions of the current investigation represent borderline conditions
between cracking and no cracking defined by the earlier invastigations of the

producers (L),

Figure 12 indicates that the B-120VCA alloy is susceptible to some
extent even at the lowest salt level, and stress-corrosion damage increased
with increased quantity of salt., The data suggest that the anodizing treat-
ment msgy have been beneficial. However, the degree of protection afforded
under the conditions of this evaluation was not very great,

Metallographic examination of specimens exposed to the highest salt
concentration showed the presence of transgranular stress-corrosion cracks in
the unanodigzed specimen and in 2-microinch oxide £ilm specimen, BExcluding the
crack from which the tensile fracture initiatsed, the metallographic sample
from the former specimen contained 5 cracks of length varying from 0,002 to

$ 0.00L in,, while the sample fram the latter specimen exhibited 17 cracks of
k-
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lengths varying from 0,002 to 0,007 in, No cracks were observed in the sample
from the 8-microinch film specimen examined, The cracks.exhibited very little
branching and appeared to follow along orystallographic divections closest
to being transverse to the streas axis. Examples of siress-corrosicn cracks
observed in the unsnodizéd aid in the 2-microinch anodized f£ilm specimens are
shown in Figs. 13 and 1L, respectively.

It should be pointed out that applying salt sclutions of different
concentrations as was done in this evaluation had the primary effect of
varying the size of the deposited salt crystals. The edge dimensions of the
salt crystals as cbserved on the B-120VCA specimens were 0,0L, 0.005, and
0,0009 to 0.00009 in,, for the highest, intermediate and lowest salt levels,
respectively. At the lowest level the 0.0009 in. crystals were rare, while
the 0.00009 in, were common and concentrated in the grain boundaries. The
grain structure on the surface of the as-received B-120VCA could be readily
discerned at low magnification becauss of marked depression of the grain
boundaries. This is shown in Fiz. 15, Apparently the last liquid to evaporate
regided in the grain boundary depressions, and the most dilute solution did
not become saturated until evaporation had reduced the liquid volume to that
in the grein boundaries, resulting in a concentration of the salt in these
locations. The cold~-rolled, recrystallized and pickled material exhibited
this phenomenon to a much less marked extent, as shown by Figure 16.

Ce Tensile Properties in Various Media

The data for tensile test in media of air, distilled water, and ASTM
sea vater at room temperature, and for the two aqueous media at 32° and 212°F
are sunmarized in Tables 5 to lL. Tensile elongations as a function of
temperature are plotted for sach of five basic materials in Figs. 17 to 2,
There was no significant change in the tensile properties of 202L-T86 for the
variables imposed in this investigation. The 7075-T6 slloy similarly exhibited
no tensile test property dependence on test medium, temperature or surface
condition. It may be noted, however, that the grain-coarsened materisl had
lower strength and higher ductility than the as-received material.

The two surface conditions of the ZK-60A behaved similarly in the
various media. Tests in air and water gave approximately the same results;
the average elongation was somewhat higher for tests in air compared to tests
in water, Tests in ASTM sea water resulted in lower elongation than testing
in the other media; and comparing the aqueocus media this difference increased
with increasing temperature, The high elengations in water solution are due
to the occurrence of stress-corrosion cracks throughout the reduced sectiom.
Chramating leaves a very rough surface on ZK-60A alloy, and cracks originate
at the base of the deeper pits as shown by Fig., 22,which is a photomicrograph
of a specimen tensile tested in air, Five such cracks were observed in the
particular metallographic sample represented.
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The grain-coarsening heat treatment of 2000°F for L hours was very
detrimental to the tensile ductility of 17-7PH in the RH 950 condition, as
shown by Fig., 20.% This heat treatment, which was dohe in air appavently _
caused grain boundary oxidation to a depth of sbout 0,001 in, as illustrated
by Fig. 23. However, surface grinding to remove 3 mils and consequently the
damaged layer from each surface produced a tensile elongation of 3.3% in one
speoimen but only 0,8% in another. It iz possible that due to distortien
3 mils were not removad over the entire surface of the latter. Therefore, it
appears that the damage was limited to the surface layers. In the as-
received, fine-grain size condition the stainless atesl exhibited somewhat
higher elongation in ASTM sea water at 32°F than in disgtilled water. At
room temperature this relationship is reversed btut smaller in magnitude. \
There does not appear to be a significant difference at 212°F, In the grain«
coarsened condition all tests in aqueous media produced tensils elongations
of less than 1%, while tests in air at room temperature resulted in elonga-
tions of 1% or slightly more.

The fine-grainsd B-120VCA alloy had somewhat lower strength and higher
ductility compared to the as-received coarse-grained material, as shown by
the data of Tables 13 and 1l and Fig. 21. Tensile elongation tended to
increase modestly with increasing test temperaturs for this alloy; this
increase was perhaps due to temperature, per se, since the matrix is body-
centered cubic., In general, tensile elongation was slightly lower in AS™M
sea water than in water.

D. Stress-Corrosion Susceptibility in Various Media

The results of subjecting the test materials to loads of S0% yield
strength (0.2% offset) in the presence of air, distillad water,and ASTM sea
vater for 2L0 hcurs are summarized in Tables 15 to 2L, and Figs. 2L to 26.
Occasionally there was a leak which necessitated interrupting the teat in
order to stop it. In such cases fallure frequently occurred very soon after
the reapplication of the load. Also, failures in the lower pin hole were
very often associated with a leak condition. Tests in which lesk conditions
prevailed upon initial loading are so indicated in the tables, The term
"interface" in the last column of some of the tables frocm No. 19 through 25
refers to the air/aqueous solution interface. All of the aluminum alloys
specimens survived the exposures as shown by Fig., 24. Post-exposure tensile
testing indicated that the fine-grained surface specimens and coarse-grained,
anodized specimens of 202L-T86, and a coarse-grained, surface-ground specimen
of 7075-T6 suffered damage as a result of the exposure in ASTM sea water.
The coarse-grained 7075 alloy was inadvertently loaded to 118% of the yield
strength rather than the intended 90%.

L)

¥ In plotting the elongation data for 17-7 PH and B-120VCA, single values
are used in cases where one of the duplicate specimens failed in a pin
hole, except in the case where in spite of ths fact that failure occurred
in a pin hole the elongation was greater than for the duplicate specimen
vhich failed in the gage length.
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Figure 25 and Tables 19 and 20 summarize the results for static load
exposure in various media for ZK~-60A alloy, The coarse-grained material in
the surface-ground condition was inadvertently stressed to 106% of the yleld
strength rather than the intended 90%. The data suggest that the fine-grain,
surface~ground condition is more reslstant to stréss-corrosion cracking in =
the aqueous media than the fine-grain, film condition; and the coarse-grain,
£ilm condition is more resistant to stress-corrosion cracking than either.

The position of the coarse~grain, surface-ground condition is somewhat uncers
tain because of the unequivalent load; however, it appears 1o be on a par with
the cosarse-grain, film condition, Flgure 27 shows a stress corrosion crack
in a fine-grain, film conditien specimen exposed to ASTM sea water,

Static load exposure results for 17~7PH are given in Fige 26 and
Tables 21 and 22, Failures during exposure occurred in water and ASTM sea
watere Failures were more numerous in the coarse~grain material, and they
occurred in much shorter times. The most frequent site of fracture was at
the base of the contalner suggesting a concentration cell effecte Similar
behavior was reported by Ault for AM=350 alloy (5). However, fracture at the
air/solution interface was almost as frequent, The poorer performance of the

coarse-grain material was very likely related to the surface condition discussed
above,

Static load results for B-120VCA are summarized in Fig., 26 and Tables
23 and 24, A number of specimens in the as-received (coarse grain) condition
fractured in the pin hole, either during exposure or during subsequent tensile
testing. Consequently when the fine grain material was machined to test
specimens at some later time the width of the reduced section was changed from
3/8 to 1/L in, The theoretical stress concentration of the pin hole was 2.lLe
Pin hole fractures during exposure were assoclated with the presence of aqueous
solution, In the case of the surface-ground condition, specimens were entirely
immersed in the medium for the grinding, and undoubtedly traces of solution
remained in the pin holes, In the case of the film condition specimen
(spacimen No, 12), the container developed a leak which probably led to wetting
of the lower pin hole where fracture occurred.

None of the fine-grain specimens failed during exposure,and none gave
unequivocal indications of having suffered damage during exposure in subsequent
tensile testing. In camparison to the performance of the coarse=grain material,
this may be the result of a lower stress at the pin hele because of the more
favorable geometry of the fine-grain specimens. It appears that B-120VCA
performs much more favorably under these conditions than 17-7 PH.
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B. Effect of Ion Species on Stress Corrosion Cracking

The three materials, ZK~60A, 17-7 PH,and B-120VCA, which gave. . ... .. .
indications of being susceptible to premature fallure or stress corrosion
cracking in ASTM sea water under atatic load conditions were further evaluated
to determine the effect of ion species on their behavior., The ASTM sea water
has a molarity of 0,60 assuming 3.5% NaCl in rlace of the actual 3% NaCl-0.5%
MgCl,. Specimens of the three alloys wers exposed under static loads of 907
of tﬁa 0.2% offset yleld strength in 0,60 molar solutions of the following
salta: NaCl, KCl, CsCl, NaBr, and Nal. In testing performed up to this poiut
failure either occurred in less than 60 hr, or there was no failure for the
2L0 hr exposure. Therefore, in these testa exposure times were at least 9 hr
but did not exceed 175 hr. Specimens werd evaluated in the surface conditiom:
freshly ground under the test medium,

The results of these tests are summarized in Table 26, All of the
B-120VCA specimens survived the exposures and in subsequent tensile test
evaluation exhibited no deterioration of mechanical propertiss, For the
other two materials molar conductance versus time to failure is plotted in
Fig, 28, The molar conductances at 18°C (6L°F) were taken from the
International Critical Tables for 0.5 molar solations--data were not complete
for a temperature of 25°C (77°F) (6). Considering the sodium salts of the
halide series it appears that time to failure is longer for increasing molar
conductance. Also considering the behavior of 17-7 PH in the series of
chloride salts it again appears from these very limited data that time to
failure tends to increase with increasing molar conductance. It may be noted
that with a single exception the ZK-60A specimens failed sither in a pin hols
or at the base of the cup, Similarly three of the four 17-7 PH fallures
occurred in a pin hole or at the base of the cup., Under the conditions of
these tests there is a decided preference for crevice, or concentration cell,
corrogion,

A single specimen of the 2K-60A alloy survived for more than an order
of magnitude longer than the other magnesium alloy specimens. This specimen
was exposed to an aqueous solution of KCl. Srecimens exposed to the CsCl
solution exhiblted many transverse cracks in the test section, while all of
the other magnesium alloy specimens elther had no cracks observable at 30X

or only a few small cracks (about 0.0L in, long) within 1/16 in, of the
fracture,

Consideration of the lonic conductance and the effect of ionic con-
ductance on the changes in composition in the znode and cathode areas of an
electrolytic system suggests that the spparent correlation exhibited by Fig. 28
is merely superficial and the relationship between spucies of anion, catlon,
test material, and stress corrosion behavior is, needless to say, very complex.
It is ospeclally interesting that the CsCl solution did not produce stress-
corrosion failure in 17-7 PH although the other two chloride salts did, Of
course, an uncontrolled variable of considerable importance in these tests was
oxygen content, This is especially important because of high proportion of
failures at crevice sites.
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F. DBehavior of B~-1l20VCA Weldments Under o
Tensile Stress in ASTM Sea Water

Longitudinal weld specinens of B-120VCA in the aged condition were
tengiie tested in alr and in ASTM sea water and evaluated for premature
failure under static load equal to 90% of the yleld atrength in air and ASTM
sea water. Weldments were bright and shiny in appearance, and there was no
evidence of contamination, The aging treatment was 900°F for 4O hr followed
by a flash anneal of 1000°F for LO min, The specimens were then plckled to
remove a total of 1 min, The results are given in Table 27,

The weldments were of lower strength and duotility than the parent
metal (see Table 1L), Tensile testing in ASTM sea water resulted in failures
in the elastic region for all welded specimens. Under stati¢ load conditions
at 150,000 psi, specimens tested in air environment survived 96 hr exposure
and exhibited no deterioration of mechanical properties in subsequent tensile
testing. However, in ASTM sea water all specimens failed within 1 mimite of
the application of a load of 110,000 psi. Thus the behavior of the welded
structure is in marked contrast to that of the base metal, but is similar to
the behavior experienced with specimens which were intentionally contaminated
during heat treatment (refer to Table 25) and with the behavior of base metal
evaluated in a similar manner in a prior program. In the prior work, aged
material failed on loading to the 0.,2% offset yleld strength in a somewhat
different environment--the spscimen was wetted by a wick asyatem fed by a 10%
aqueous solution of AS™™ sea sslt (7 parts NaCl, 1 part Hg201) (1).

The surface appearance of the bead-on-plate weld indicated that both
conditions of magnetic stirring reduced the grain dimension by a factor of
two as measured along a line parallel to the weld and displaced 1/32 in. from
the centerline. However, microexamination of transverse sections of the welded
spacimens indicated that only the 2 cps-250 gauss condition produced refine-
ment in depth, and this refinement was limited to about 30% reduction in the
grain dimension measured perpendicular to the plane of the sheet. Ths weld
grain strctures are indicated by the fractographs shown in Fig, 28 which
shows specimens that failed under static load in the ASTM sea water environ-

ment. In all cases failure appears to have initiatad at the center of the
front face of the weld.

IV. SOMMARY AND CONCILUSIONS

The effect of quantity of salt present and thickness of oxide film
(applied by anodizing) on hot salt stress corrosion was evaluated for
B-120VCA at 500°F under 100,000 psi and Ti-6A1-LV at 800°F under 25,000 psi.
All test specimens survived ths 190 hr exposure. There was a definite effect
due to salt quantity. There was significant dauage (amounting to an average
LO? loss in tensile elongation) to Ti~6Al<lV alloy only at the highest salt con-
centration of 0,02 g/sq in. Under these test conditions anodizing appeared to
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have no effect., The B-120VCA alloy exhibited stress corrosion damage even at
the lowest salt concentration of 0.0002 g/sq in, In this case it did appsai
that the anodized films were somewhat beneficialj however, the degree ot Pro-
tection afforded left much to be desired, o R

The alloys 2024-T86, 7075-T6, ZK-60A TS, 17-7 PH, and B-120VCA were
tensile tested in air at room temperature, and in distilled water and in AS™M
gsea water at 32°, room temperature, and 212°F. The materlals were tested in
two grain size conditions and two surface conditiona, One surface condition
vwas freshly ground under the test medium, and the other was a protective film
condition. The latter was an anodized film for the two aluminum alloys and
B-120VCA titanium alloy; chromate f£ilm for the magnesium alloy, 2K-60A; and
a thin oxide film by passivation for the stainless steel, 17-7 PH.

There was no significant effect on the tensile propsrties of the two
aluminum alloys due to the variables imposed in this investigation., Except
for slightly lowered tensile elongation for the ooarser-grained material for
tests conducted in air, there was no significant difference in tensile elonga-
tion for the two surface conditions and the two grain sizes for the magnesium
alloy. Tensile elongations were lower in AST™ sea water than in distilled
water, and this difference increased with increasing temperature. Tests in
distilled water at 212°F resulted in very high elongations of 17 to 36% due
to multiple cracking throughout the test section,

The grain-coarsening treatment of 2000°F for L hr was very detrimsntal
to the tensile ductility of 17-7 PH in the RH 950 condition dus to grain
boundary oxidation to a depth of about 1 mil, It appears that this is corrected
if sufficient material is removed from the surface. Considering the finer
grain size (as-received) material there was very little effect of temperature
for tests in waterj however, there was a progrsssive decrease in tensile
elongation with increasing temperature for tests in ASTM sea water--this was
true for both surface conditions, Tensile elongation for the coarser grain
condition was less than 1% for all tests in aqueous media, and was less than
1.5% for tests in air,

The finer grain size condition of the B-120VCA alloy was of lower
strength and higher elongation than the coarser grain (as-received) material.
This was true for all test conditicns. With a single exception tensile elonga-
tion increased with increasing test temperature. The exception was the fine-
grain, ground-surface specimens tested in ASTM sea water in the temperature
range from 32°F to room temperature. This increase was perhaps due to
temperature per se since the matrix of B-120VCA alloy is body-centered cubic.
Tensile elongation was always lower in ASTM sea water than in distilled water
for the fine-grain size material and for the coarse-grain material in the
anodized conditionj but this was not true of the coarss-grain material in the
ground conditien.,

Static load exposures for 240 hr in test media of air, distilled water,
and ASTM sea water at room temperature were applied to the five alloys in
the two grain size conditions and two surface conditions as discussed above,
A1l specimens of the aluminum alloys survived the exposure., Post-exposure
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tensile testing indicated damage, i.e., some loss of tensile elongation, from
ASTM sea water to the following material conditionsg: (1) fine-grain, surface
ground 2024-186, (2) coarse-grain, snodized 202L-T86, and coarse-grain, sur-

face ground 7075-16¢ perhaps. (The coarse-grain 7075 was inadvertently loaded
to 118% of the yleld strength rather than intended $0%.)

In ASTM sea water, material conditions of ZK-60A had increasing life
in the order: fine-grain, surface film; fine-grain, ground; and coarse-grain,
surface film, Although the coarse-grain, ground condition had the longest
life of all, i,e., 0.2-0,5 hr, it was not tested under comparable conditionse=-
a load of 106% of the yield strength was inadverently applied.

A single magnesium specimen survived the 20 hr exposure to distilled
water. It was in the coarse-grain, film condition. Post-exposure tensile
testing showed a 95¢ decrease in the tensile elongation. The duplicate test
specimen failed in 5.6 hr in an upper pin hole.

All material econditions except the coarse-grain, surface film
exhibited loss of tensile ductility after the 240 hr exposure in air. Duc-
tility losses were in the range from LS to 58% of the tensile elongation.

Considering 17~7 PH, the fine-grain material was less susceptible
to failure in the aqueous media than the coarse-grain material, and the
passivated condition was less susceotible than the ground condition except for
the coarse-grain condition in sea water. Thea ASTM sea water was the most
severe medium with earliest failures occurring in 8,2 hr (in the upper pin

hole) for the finegrain ground material and 2 min for the coarse-grain,
passivated condition.

Al)l specimens of the fine-grain B-120VCA alloy ‘survived the 240 hr
exposures in the various media. There were no unequivoecal indications of loss
of ductility in post-exposure tensile tests., Material in the coarse-grain
(as-received) condition was very susceptible to failure through the pin holes.
All three specimens which failed during static load exposure (in ASTM sea
water) fractured through a pin hole, while half of all specimens tensile tested
after exposure fractured through a pin hole. The thecretical stress concen-
tration of the pin hole was 2,4, The applied load in the case of the fine-
grain material was only 67% of that for the coarse~grain material since after
the experience with the coarse-grain material the reduced section was made
narrower on the fine-grain specimens. No failures of B~120VCA occurred during
static load exposures in air or water. It appears that B~120VCA perfornms
much more favorably under these conditions than 17-7 PH.

The effect of surface contamination on the behavior of B-120VCA
under static load in an snvironment of ASTM sea water was evaluated. Contam-
ination was effected by aging in air at 900°F for LO hr. Various amounts of
material up to 2 mils were removed from the surface by pickling in 3% HF-30%
HNO4-5% Ha0p aqueous solution at 150°F, Two out of four as-contaminated
specimens failed within 1 min of loading to 90% of the yleld strength. All
other specimens survived exposures of ZEO hr. The best ductility for duplicate
specimens was obtained for those pickled just to the point of removal of the
surface discoloration; this amounted to 0.15 and 0,25 mils total reductions in
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thickmess, The ductility in this case was,in fact, superior to that of
material aged in argon atmogphere and subsequently pickled to remove 1 wil
total thicknesss Thus, it appears that surface contamination is an important
fa;t:: in the premature faflire of B-120VCA strassad irn the pressnce of salt
solution,

Three materlals ZK-50A, 17=TPH, and B-120VCA in the as-received,
ground surface condition were statically loaded at 90% of their respective
yield strengths in aqueous environments of 0,6 molar concentrations of the
following salts: NaCl, KCl, CsCl, NaBr, and Nal, Exposure times ranged
from 96 hr to 175 hr. All of the B-120VCA specimens survived, and no loss
of mechanical properties was experienced in subsequent tenaile testing. With
a single exception, all magnesium alloy specimens failed in 0,12 hr or lesa,
The excepted specimen failed in 2.3 hr of exposure in KC1l solution; however,
its duplfcate failed in 0,03 hre The reason for this is unknown. Specimens
of 17=TPH sxposed to solutions of NaCl and KC1 failed in times of 15.2 to
57.0 hr; while all other specimens survived and gave no evidence of damage
in subsequent tensile testing. Attempts to correlate these results with the
characteristics of the electrolytes were unrewarding, although molar conductance
nay be a factor.

Longitudinal weld specimens of B-120VCA in the aged condition wore
tensile tested in alr and in ASTM sea water, and also atatically lcaded in
these media. Two-thirds of the specimens were magnetically atirred during
welding in a mostly unsuccesaful effort to refine the grain size., Specimens
tensile tested in air exhibited tensile yield strengths from 159,000 -
184,000 psi and elongations from 1,2 to 2.6%. However, fracture initiated in
the elastic region of specimens tensile tested in AS™ sea water. Specimens
statically loaded in air at 150,000 psi survived the 96 hr exposure and gave
no avidence of loss in mechanical properties upon subsejuent tensile testing,
Specimens statically loaded in ASTM sea water at 110,000 psi failed in 1 min

or less,

The behavior of the welded B-120VCA was in marked contrast to that
of the parent material, but was similar to that of the material intentionally
contaminatad during the aging heat treatment. Also, in prior work a different
heat of aged material failed on loading to the 0.2% offset yield strength in
a somewhat different environment--the specimen was wstted by a wick system fed
by a 10% aqueous solution of ASTM sea salt. Care was taken to keep the welds
free of contamination (weldments were bright and shiny in appearance), and
after the post-weld aging treatment 1 mil total thickness was removed by
piekling. It is not known whether to lay this behavior at the door of con-
tamination, or coarse grain size, or to yet another cause at present

undefined.
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To recapitulate the findings of this investigations g

(1) Quantity of salt is a factor in the elevated tenperatm chloridq

salt stregs corrosion of the titanium alloys B-120VCA and Ti=6Al=lV. The
former alloy was exposed at 600°F and the latter at 800°F under stresses to
produce approximately 0.2% creep deformation in 190 hr. Anodized films were
of no benefit to the Ti-6A1-LV alloy; and were of limited benefit to B-120VCA,

(2) Tensile properties of the aluminum alloys 202L-T86 and 7075-T6
were not significantly changed for tests conducted in media of water or ASTM
gea water at temperatures of 32°, 76°, and 212°F.

(3) Tensile properties of ZK-60A were markedly influenced by the test
mediaz , water and ASTM sea water, apparently reflecting a competition between
plastic straining and stress-corrosion cracking.

(L) Tensile properties of 17-7 PH at room temperature were not
significantly different for tests in media of air, water, and ASTM sea water,
There was a trend towards lower tensile elongation with increasing t.empera’axre
of the aqueous media,

(5) The B~-120VCA alloy exhibited decreasing tensile elongation at
room temperature for the various test media in the order: air, water, and

ASTM sea water, Alsc tensile elongation increased gradually with increasing
temperature of the aqueous media,.

(6) Considering the test materials in the as-received microstructural
condition, exposures in air under loads of 90% of the tensile yield strength
for 2L0 hr were not detrimental to tensile properties.

The same conditions except for water as the test environwent were
detrimentsl to ZK-60A and, apparently, to 17-7 PH. Surface-ground specimens
of ZX-60A exhibited an order of magnitude longer life than chromated specimens.

The single specimen of 17-7 PH which failed during the exposure was a surface=
ground one,

The ASTM sea water environment, static load tests resulted in damage
to the following material conditions: 202L-T86 surface-ground; ZK-60A surface-

ground, and chromated; 17-7 PH surface-ground, and passivated; and B~120VCA
surface-ground, and anodized.

The effect on B-120VCA was aggravated by the notche-gensitivity of this
material in the high-strength condition. The three (of four) test specimens
which failed prematurely fractured through a pin hole, Similarly, a number of
these specimens failed through the pin hole in tengile tests.

(7) Under the conditions of this investigation B-120VCA was more
resistant to deterioration of tensile properties and to failure than 17-7 FH.
However, weldments of B-120VCA tensile tested in AST™ sea water failed in the
elastic region, Weldments of 17-7 PH were not evaluated,

1k
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(8) surface contamination of B-~120VCA due to exposure to the atmosphere
during aging at 900° F was damaging to tensile properties in sea water anviron-
ment,, It appears that properties are best restored by pickling of f the least
amount of material necessary to effect ramoval of the contaminated layers.

In view of the limited testing for each set of conditicns these findings
should be regarded as tentative. :
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TABLE 3

POST-EXPOSURE TENSILE PROPERTIES OF Ti-6A1-LV SPECIMENS
STRESS CORROSION TESTED AT 800°F IN PRESENCE OF ASTM SEA SALT

0.2% No. of Max. Depth
offset Cracka of Stress
Oxide Film Salt Yield ¢ Elonge, Corrosion
Spec. Thickness, concn., Strength, UTS, (in 2 in.) Fracture Penatration,
No. Microin, @/in.2 kel ksl 4 Surface in,
4] None None 136 140 1,k 0
1 2 ™ 13k 1o 1,2 -
2 2 * 136 12 13.1 -
3 8 » 136 1l 12,0 -
L 8 #* 135 1Lo 1¢.5 -
c2 8 None 135 138 9.6 -
c? None 0.0002 136 12 10.6 0
c8 None 0.0002 136 1h2 11,0 0
co None 0,002 137 1lla 11,5 0
c6 None 0.002 139 1h3 10,2 0
c3 None 0.02 137 142 9.7 a
ch None 0,02 132 136 5.6 a
c13 2 0.0002 138 143 10,8 0
clh 2 0.0002 1 L5 10,9 0
cl1 2 0,002 135 1l 10,8 0
ci2 2 0,002 135 140 11.0 0
c9 2 0.02 13L 138 9.7 1 0,006
cl0 2 0.02 132 136 L.9 3 0.007
cl9 8 0,0002 137 143 1.3 0
c20 8 0,0002 139 1L3 1.k 0
C17 8 0.002 142 143 10,4 0
c18 8 0.002 138 1Ly 7.2 1l 0,006
€15 8 0.02 138 1L2 S5 1 0.007
16 8 0.02 139 1L3 5.5 L 0.007

* Not exposed to elevated tempersture stress corrosion

% Not determinable at %30

[

18




TABIE |

POST-EXPOSURE TENSILE PROPERTIES OF B-120VCA SPECIMENS
STRESS CORROSION TESTED AT 600°F IN THE PRESENCE OF ASTM SEA SALT

- 0 [ ] 2%
Offset
Oxide Film Salt Yield ¥long.,

Spec. Thickness, ctmtm2 s Strength, uTs, (in 2 in,)
No . Microino in . ksi ksi

Bage properties of unexposed specimens* 191 208 3.2
cl None None 12 186 1,3*
c2 8 None 196 206 3.5
Cl13 None 0.0002 198 205 2.0
cik None 0.0002 3.3
c5 None 0.002 196 197 1.1
cl12 None 0.002 170 170 O. kL
C3 None 0.02 196 196 O« }4
Ch None 0.02 192 197 016
€10 2 040002 195 201 2.0
cll 2 0.0002 201 210 3.7
c8 2 0.002 205 21h 2.8
c9 2 0.002 145 160 0.2*
cé 2 0.02 185 189 1.1
c7 2 0.02 192 197 1.1
c19 8 0.0002 186 190 1.5
€20 8 0.0002 200 209 L2
c17 8 0,002 193 193 0.4
c18 8 0.002 186 195 1.3
cls 8 0.02 195 201 1.3
C16 8 0.02 191 198 0.k

* Average for 2 specimens

* Fractured through pin hole

19
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TABIR 5

é? TENSILE PROPERTIES OF FINE~ORATNED 202L=786 ALUMINUM ALLOY
g IN VARIOUS MEDIA
Test Yield Strength  Ultimate Tensile Elong,,
Temp, Spec. (0.2% Offset), Strength, (in 2 in,)
Test Mediun r No. ksl ksi 3
Ground Surface
Alr 75 13 .7 1741 Loy
il 73.2 The? ko3
Water 32 17 7103 7307 ’-loll
18 69.6 7443 L.0
7 15 13.5 76,2 LeO
16 7.9 7he3 3.9
210 19 68.5 10.5 3.7
20 67.5 69.0 L7
ASTM Sea Water 32 23 75.3 78.0 Le2
2] 7541 71.8 L2
7 21 73.8 76,1 3.9
22 73.8 7646 he2?
210 25 69.2 70.7 k.S
26 63.0 70.6 L.k
Filmed Surface
Ady 7 k1 1.6 7548 3.9
32 1.5 79.2 3.5
Water 32 35 T37 77k 3.4
36 74,9 78.1 3.7
75 33 72.5 75.5 L2
3L 69.14 76,0 3.7
210 37 67.9 69,2 L.?
38 65.9 70,1 hels
ASTM Sea Water 32 h 72,7 6.4 3.9
L2 67.6 78.1 3.9
(¢ 39 73.0 76.1 Le8
Lo 72,1 757 L2
210 L3 67.2 69.2 3.0
hly 6749 69,5 LS

20
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Test Yield Strength  Ultimate Tensile Elong.,
Temp, Spec. (0.2% Offset), Strength, (in 2 in,)
Test Medium °F No. ksl ksl 3
Ground Surface
Alr 75 83 6609 6903 3-2
8L 63.8 70.1 9.0
Water 32 91 6709 70.8 5.0
92 . 70.6 Lols
75 89 67.2 70,0 be?
90 56,9 6L.0 3.0
210 93 6L.1 66,1 3o
9L 63.8 66.14 bl
ASTM Sea Water 32 97 68.9 72,0 h.9
98 67.6 72.0 3.5
' 95 68.2 70.k4 3.7
96 67.8 69.7 3.0
210 99 62.6 65.9 4.5
100 60.3 64.7 h.2
Filmed Surface
Alr 75 101 67.8 70.8 L9
102 66.L .4 k.2
Water 32 109 70.3 7346 by
110 69.7 Th.8 k.0
7 107 - 70.7 L.h
108 65.4 68. 3.7
210 111 62.0 659 2.8
112 62.4 65.6 h.0
ASTM Sea Water 32 103 6.1 69.9 2.4
104 63.7 72.3 k.l
] 113 .7 73.9 k.2
11, 70.7 3.3 3.9
210 105 63.0 67.4 3.7
106 é1.h 67.1 k.2
21
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TABLE

TENSILE “ROPERTIES OF FINE-GRAINED 7075-T6 ATUMINUM ALIOY
IN VARIOUS -MEDIA

Test Yield Strength Ultimate Tensile
Temp, (0.2% Offset), Strength,
Test Medium o ksi ksl
(Ground Surface
7 7.6 79.1
72.5 80.8
32 .3 9.4
67.h 79.6
7 n.9 79.6
7.1 79.1
210 65.6 70.2
66,1 69.8
ASTM Sea Water 32 72.4 82,17
7.3 82,7
7 73.1 80.L
3.2 80.1
210 67.5 70.4
68.0 .l
Filmed Surface
65.1 75.2
32 73.6 82,0
73.1 81.9
75 71.5 80.6 7.9
70.7 80.7 8.4
210 60.5 72.1 8.2
67.6 72.5 9.2
ASTM Sea Water 32 75.2 82,8 7.4
72.8 82.1 8.1
75 72.2 81.9 T.2
70.9 81.7 T8
66.8 71.1 9.2
65.7 70.3 10.4
22
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TARLE 8

TENSILE FROPERTIES OF COARSE-GRAINED 7075~T6 ALUMINUM ALIOY
IN VARIOUS MEDIA -

Tast Yield Strength Ultimate Tensile Rlonges
Temp, Spec. (0.2% Offset), Strength, (dn 2 in.)
Test Medium p Yo. kei kel %
Oround Surface
Alr 75 83 62,9 77.6 10.9
8l 63.8 173 11.9
Water 32 91 63.5 78.8 11.6
92 67.2 7Tk 10,9
75 89 61.2 %9 10.9
90 63.3 76.5 11.3
210 93 62.7 70.0 12,8
9L 61.2 69.9 13.1
ASTM Sea Water 32 97 68,6 786 10.6
98 67.8 9.4 11.6
75 95 6he9 777 11.9
96 65.0 778 10,9
210 99 62.1 69.0 0.1
100 6248 6846 5.7
Filned Surface
Ady 75 101 64.0 b 10.1
102 6he1 76.8 10.9
Water 32 109 68.8 8100 1106
110 69.6 80.6 11.7
7% 107 65.5 76.3 11.1
108 6L.9 76.6 1.3
210 85 6L.0 71.0 11.3
111 59.3 68.6 10.6
ASTM Sea Water 32 103 69.1 80.6 11.6
104 71.3 81.k 11.6
7 105 69.0 80.6 1.3
106 68.2 7947 10.7
210 86 63.2 70,9 Te9
87 63.6 70.8 8.2

23



TABLE 9

TENSTLE PROPERTIES OF FINE-GRAINED ZK-60A TS5 MAGNESIUM ALLOY
IN VARIOUS MEDIA

——

Test Yisld Strength Ultimate Temsile  Elonge,
Tamp, Spec. (0.2% Offmat), Strength (dn 2 in.)
Test Medium °F No, ksi ksl
Ground Surface
Alr 7% 13 40.8 L8. L 8.2
1l 38.L L8.3 9.5
“atar 32 17 m.o h7o6 5.0
18 h2.6 h9'9 5.5
% 15 36.4 L6.1 Seli
16 39,2 6.0 6.5
210 19 28.5 33.0 28,0¢
20 28.0 33.0 30.00
ASTM Sea Water 32 23 3.0 WSl 3.00
2l 35.8 6.6 2.l
75 21 1.0 L3.6 2.0°
22 Lo.L h2.6 2.7
210 25 27.6 33.5 8.9
26 27.h 13.1 8.7
Filmed Surface
Ay 75 k)l 3908 h?oa 9.1
32 L2,7 £0.3 6.2
Water 32 35 140.6 5003 500
36 LS.l 53.2 4.0
7% 33 32.3 b7.2 Tel
3k Lo.2 Lé.6 6.6
210 37 25.5 32,3 Lo, 0c
38 27.7 32,3 32,0¢
AS™M Sea Water 32 W 30,2 Lkl 3.9
b2 3h.2 18.9 3.9P
7% 3 o.k h2.8 2,98
Lo h0.9 L3.6 2.7%
210 L3 28.6 32.8 8.8
L 26.2 33.0 7.3%
# « Fracture at pin hole, b = Snall oracks near fracture,
a = Deep cracke near fracture. ¢ - Cracks throughout section exposed to
medium,

24
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TENSILE PROPERTIES OF COARSE~ORAINED ZK~GOA MAGNESIUM ALLOY

© IN VARIOUS MEDIA
Test Yield Strength Ultimate Tensile Elonge,
Temp, Spec, (0.2% Offset), Strength, (in 2 in,)
Test Medium °F No. ksl ksi %
Ground Surfacs
Alr 75 83 ‘ 34.8 Lhe7 5.7
8L 32.8 hii.6 Te7
Water 32 91 36.6 h7.2 7.1
92 37.5 15.6 1.8
75 89 36.3 L. 2 Sel
90 37.0 Ll.6 Seli
210 93 28,8 32,0 1L,.8%
9k 25.8 29.6 20,12
AS™ Sea Water 32 97 hona hhol 1.8
98 m.? h5.2 2.3
7 95 37.5 1.9 2,0
9% kO. kb Kn.3 2.0
210 99 26.8 30.6 Selt
100 26.7 29.9 6.9
Fllmed Surface
Alr 7 101 L0.9 L5.7 6.2
102 l-lzoe h509 502
Water 32 109 ka0 llao9 509
110 Ll by L8, .
75 107 .8 L5e2 5.9
108 39.8 k8.8 6.2
210 m 28,L 32.1 19.2
n2 29.6 33.3 19.8
ASTM Sea Water 32 18 43.1 47.8 1.7
16 1.2 l6eS 1.7
7% 113 38,2 3.8 2.7
nL L0.9 3. 1.8
210 117 27.h 33.0 5.2
118 23.7 31,9 8.1

a - Cracks throughout section exposed to medium,
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TABLE 11
TENSILE PROPERTIES OF FINE=GRAINED 17=TPH RH 950 STAINLESS STEEL
IN VARIOUS MEDIA
Test Yield Strength Ultimate Tensile Elong.,
Temp, Spec. (0,28 Offset), Strength, (n 2 in.)
Test Medium ¥ No, ksi ksi 3

Ground Surface

Alr 75 16 208 212 k.1
Water 32 Sh 209 213 L.y
18 201 206 1.7
7% 52 203 216 Lok
53 21k 221 3.2
210 19 182 202 3.4
20 188 197 1.9
ASTM Sea Water 32 23 211 222 8.7
2k 212 218 4.8
7% 21 212 215 3.1
22 209 21, 3.h
210 25 185 202 2.1
26 187 203 3.4
Filmed Surface
Alr 75 31 204 213 L.l
32 194 211 3.8
Water 32 35 207 - 3.1
36 195 221 5.
'+ 33 201 21 5.6
34 209 219 5.0
210 37 194 202 1.7
38 180 202 k.3
ASTM Sea Water 32 I 220 221 L.
L2 212 220 7.3
75 39 209 214 3.8
Lo 202 210 Lok
210 L3 180 201 3.2
Ll 196 201 1.0

26
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IN VARTOUS MEDIA

TENSILE PROPERTIES OF OOABSE*QRAIﬁD 17-7PH ® 950 STAINLESS STEE,

Test Tield Strength Ultimate Tensile gyong,,
Temp, Spec. (0.2% Offset), Strength, (in 2 in,)
Teot Medium r No. kel ksl 4
Ground Surface
Alr ] 83 178 18 1.3
8L 172 177 1.3
Water 32 91 180 188 0.9
92 166 182 0.7
] 89 176 178 0.7
90 140 U1 0.h
210 93 - 113 0.2
9 106 107 0.0%
ASTM Sea Water 32 97 170 177 0.8
98 179 182 0.7
(¢ 9 168 168 0.4
96 117% 175 o4
210 99 pu b 113 0.2
100 109 112 0.2
Filmed Surface
AMr 75 10 172 176 1.1
102 150 183 0.9
Water 32 109 179 18 0.7
110 172 174 0.5
15 107 181 182 0.7
108 158 181 0.7
210 111 - 98 0,0%*
12 109 110 0.4
ASTM Sea Water 32 103 17h 183 0.7
104 167 170 0.4
75 87 180 180 0.L
88 177 177 (VI Y
210 105 112 113 0,2
106 114 11 0.2
»

Fractured at pin hole.
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TENSIiE PROPERTIES OF FINE-CRAINED B-120VCA TITANIUM AILOY

TABLE 1

IN VARIOUS MEDIA

Test

Yield Strength Ultimate Tenslils Elong.,

'l'emp, Spec, (0.2$ Offﬂﬁt)’ Streng'bh, (in 2 :hh)

Test Medium *F No. ksi ksi %
Oround Surface
Alr 75 83 173 192 L6
8L 183 199 6.6
Water 32 91 198 215 3.9
92 179 195 3.k
79 89 176 193 L.8
90 169 192 hels
210 93 161 187 L8
9ol 172 192 Seb
ASTM Sea VWater 32 97 187 198 3.3
98 19k 210 5.8
7% 95 186 205 8.9
% 201 210 2.0
210 99 7k 198 6els
100 16k 185 6.L
Filmed Surface
Alr 75 101 175 189 5e3
102 180 196 Se5
Water 32 109 196 208 Lo3
110 190 -— 2.5
75 107 175 186 3.5
108 18k 198 k.6
210 hh ki 157 177 Le6
112 160 183 6.1
AS™ Sea Water 32 116 192 200 2.L
75 113 180 195 3.5
115 19 206 ko2
210 117 180 199 Lol
118 178 9L 3.7
28
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TARLE 1)
TENSILE PROPERTIES OF COARSE-QRAINED B=120VCA TITANIUM ALIQY
IN VARIOUS. MEDIA

: Test Yield Strength Ultimate Tensile Elonge,
£ Temp, Spec.  (0.28 Offset), Strength, (in 2 in,)
% Test Medium F No. ksl ksi %
: Ground Surface
ALy 7 13 19k 210 3.5
n 1688 206 2.9
Water 32 17 193 203 3.2%
18 185 199 2.2
7 15 187 20k 3.4
16 175 184 0.2*
210 19 17 191 5.1
20 170 188 L
ASTM Sea Water 32 23 19% 200 0.,2%
2k 194 202 1.7
B a 9L 207 2.9,
. 2 190 199 1.0
210 25 165 185 L.kt
26 161 180 L.

Filmed Surface

Ady 7 31 183 199 ha
32 169 189 k.3

Water 32 35 194 205 2.1
36 189 202 2.2

"% 33 184 196 2.6

3L 240 240 0.0*

210 37 151 189 5.1

a8 153 191 L.8

ASTM Sea Water 32 k1 161 161 0.0%*
b2 186 199 1.2

] 39 182 190 0.9%

Lo 186 195 2.1

L3 9 150 0.0*

Ll 168 188 3.b

* Practured through pin hole.

Jaft e
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TABLE "

SR A AT WA

POST~EXPOSURE TENSILE PROPERTIES
OF PINE-GRAINED 202)~T66: ATUMINUM ALLOY SPEOIMENS
WHICH SURVIVED SUSTAINED LOAD TEST

SR W

Yield Strength Ultimate Tensile

. Elong,,
. Exposure Mediun Spec. (0,28 Offset) Strength
(losd 90% ¥S, 240 hr)  No. ksi ’ gsfb ? (4 ; in.)
Ground Surface
No exposure¥ T2.4 7549 beb
h 73.2 7549 3.8
Water 2 71.8 7%.6 3.0
: 5 69.6 .7 3.4
: ASTM Sea Water 3 k.1 75.6 1.8
6 n.2 72,0 0
Filned Surface
: No exposure® 71.6 75.5 3.7
Mr 7 7249 76.0 3.5
' 8 .2 76,4 3¢
1 Water 9 75.1 7.1 b2
10 72.5 75.2 bh.0

ASTM Sea Water n 7249 7543 3.5

12 73.2 7549 3.

* Average for two specimens.

* Practured at pin hole.
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TABLE 16

POSYT-EXPOSURE TENSILE PROPERTIES

OF COARSE GRAINED 202486 AWMINUM ATLOY SPEOIMENS
WHICH SURVIVED SUSTAINED LOAD TESTS

Exposure Medium
(Load 90¢% Y5, 2L0 hr)

Yield Strength Ultimate Tensile A Elong.,
Spec.  (0.2% Offset), Strength, (in 2 in,)
No. ksi ksi )

No exposure®
Adr

Water

ASTM Sea Water

»*
No exposure
AMr

Water

ASTM Sea Water

Ground Surface

65.4 69.7 7]

85 67.7 72.0 4.0
86 69.5 72.5 h.2
87 70.4 3.1 he2
88 67.7 72.9 2.7
117 68.3 7.9 4.0

Filned Surface

671 1.1 k.S
77 65.9 71,9 3.0
78 69.9 72.h 3.5
9 70.7 ' 73.0 1.8
80 70.2 72.h 3.9
81 6740 7.9 2.4
82 69.0 71,0 1.8

*

Avesrage for two specimens.
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TABLE 17

POST-EXPOSURE TINST & PROPERTIES o
OF FINE GRAINED 7075-T6 KLUMINUM ATLOY épmm

WHICH SURVIVED SUSTATNED LOAD TESTS

Yiold Strength Ultimate Tensile Elong,,

Exposure Medium Spec. (0.2% Offset), Strength (in 2 in,)
(Load 90% YS, 240 hr) No. ksi ksi %
Ground Surface
No exposure® 72,0 80.0 9.0
Mr 1 7346 79.0 8.6

L 1.7 78.2 7.0

Water 2 73 .0 79.8 8.0
5 3.k 79.8 6.7

ASTM Sea Water 3 72.8 19.5 8.0
6 72.8 79.3 9.0

Filmed Surface

No exposura* 67.8 78.8 71
Alr 7 7108 79-5 701
8 70.8 18.2 T.h

Water 9 7246 79.k4 8.1
10 72.2 79.7 6.7

ASTM Sea Water 11 3.7 80.0 7.1
12 73.3 80.0 7.9

* Avarage for two apecimens.
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TABLE 18
POST-EXPOSURE TENSTLE FROPRRTIES
OF COARSE-GRATNED 7075-~T6 ALUMINUM ALLOY SPEOIMENS

4 WHICH SURVIVED SUSTATNED LOAD THSIS
1 |
¢ Tield Stremgth Ultimate Tensile Elong.,
£ Exposure Medium Spec. (0.2% Offset), Strength, (4n 2 in.)
T (Load 118% ¥S, 240 hr)  No. ksi ksi <
Ground Surface
No oxposuro* 63.2 77.4 11.6
Alr 71 7207 80.2 10,2
T2 7.0 79.8 10,2
Water 3 .9 80.3 1,1
7 12,6 79.7 0.6
ASTM Sea Water (1] 72,1 799 10.4
76 69.8 77.2 he?
Filmed Surface
No exposure 6l.0 77.1 10.h
AMr 7 7208 7906 801
78 72.6 80.0 10.2
Water 79 70.5 79.9 10.6
80 7.8 80.1 10,7
ASTM Sea Water' 81 69.3 7.1 10.6
82 72.9 9.6 10.9

* Average for two specimens.

+

90% yield strength.
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TABLE 19

POST-EXPOSURE TENSILE PROPERTIES
OF FINE GRAINED ZK-60A MAGNESIUM ALIOY SPECIMENS
WHICH SURVIVED SUSTAINED LOAD TESTS

Yield
s'!é.reggth Ultimate
Exposure Medium (8 Tensile Elong,, Falled During Exposure
(Losd 90% YS, Spec. Offset), Strength, (in 2 ign: ) Tne,
240 hr No. ksi ksi 4 hr Location
Ground Surface

No exposure® 39.6 UB.L 8.8
Alr 1 36,1 5.8 Se7

6 8.0 u9.2 3
Water 2 “m—. ———— o 0.7 Base of cup

5 —u- ———- - 2L, L Interface
ASTM Sea Water 3 e -——- o—e 0.1* Pin hole

L —— ———— - <0,1 Interface

Filmed Surfuce

No exposure™ la.2 19.0 Te7
Alr 9 1645 Lg.2 2.0

10 15-1& hs-h 5.2
Water 7 ——- o——— ——— 2.0 Oage length

8 . ——— -— 0.2 Gage length
ASTM Sea Water 1 - ———- -—— 0,02 Interface

12 —ene cmoa - 0.02 Oage length

* Average for two specimens.

* Practured at pin hole.
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TABLE 20

POST-EXPOSURE TENSILE PROPERTIES
OF COARSE-GRAINED ZK-504 MAGNESIUM ALLOY SPECIMENS
WHICH SURVIVED SUSTAINED LOAD TESTS

Yiald
Strength Ultimate
(0.2% Tensile Elong., Falled During Exposure
Exposure Medium Spec, Offset), Strength, (in 2 in,) , o
(240 hr) No. ksi kst v 4 hr Location
’ Ground Surface (Load 106% YS)
No exposure® 33.8 LL.6 6.7
Ay 72 L8.7 L6.7 2.8
Water 73 ———— ——— ~—— 27.2 1/L in. above
interface
T4 ——— ——— - 27.1 Interface
ASTM Sea Water 175 ——— - ——— 0.5 Bottom pin hole
76 ——— . ——— 0.27 Gage length
Filmed Surface (Load $0% YS)
No exposure* la.8 Ls.8 5.7
Alr 17 hl.l h605 (;09
78 36.6 47.1 642
Water 79 39.6 Lk.7 0.3*
80 ——— ———- - 5.6 Upper pin hole
ASTM Sea Water 81 ——— ———— ——— 0.2 Top f£illet
82 aana ———- J— 0.2 Interface
*

Average for two specimens,
Fractured at pin hole,

Note: Pin holes of filmed specimens were too small and were opened up after

application of chromate coating. Therefore, surfaces of pin holes were
not chromated. s

L]
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TABLE 21

POST-EXPOSURE TENSIIE PROFERTIES
OF FINE-GRAINED 17-7PH STAINLESS STEEL SPECIMENS

WHICH SURVIVED SUSTAINED LOAD TESTS

I mmﬂﬂ"!ﬂﬂ“‘“ﬂwmnlwmmmw

Yield
S?ng‘gth Ultinate
BExposure Medium 0. Tensile Elong Failed During Exposure
, (Load 908 YS,  Spec. Offset), Stremgth, (in 2 in,) TINe,
. 210 hr) No. ksi ksl g hr Location
Ground Surface
No exposure® 208 a2 li.d
Aly L 184 215 3.6
s 210 ra kg 5.0
Water ) ——- - - 19.7 Interface
7 213 218 holy
ASTM Sea Water 8 —— - -—- 16,7 Base of cup
9 ——- —-—— — 8.2 Top pin hole
Filmed Surface
No exposure® 199 212 3.9
Aly 10 213 219 3.8
11 209 213 L.8
Water 12 209 215 3.2
ko 212 217 7%
ASTM Sea Water 50 206 210 3.h
51 - - - e 260 6 In‘berfIOO

* Average for tuwo specimens,
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TABLE 22 ¢

POST-EXPOSURE TENSILE PROPERTIES
OF COARSE-GRAINED 17~7PH STAINLESS STEEL SPECTMENS
WHICH SURVIVED SUSTAINED LOAD TESTS

Yield
Strength Ultimate
Exposure Medium (0.2¢ Tensile Rlong., Failed During Exposure
(LOld 90% 1s, Spec. Off”t), Strength, (1!'! 2 :I.n.) 'I‘:I.me,
210 hr) No. ksi ksi < hr Location
Ground Surface
No exposure® 175 179 1.3
Adr ¢! 172 172 0.2
T2 1k9 15k 0.2
Vater 73 ——- e ——— 0.l5 Base of eup
: ¢ - e .- 0.50 Base of cupt
ASTM Sea Water i) - - cae 0,20 Interface
76 ——— - -— 0,10 Intexrface
Filmed Surface
No exposure 176 180 1.0
Aly 7 169 178 0.8
81 176 184 0.7
Vater 79 ——— e - 0.10 Lower pin hole
80 —— ——— ——— 0.05 Base of cup
ASTM Sea Water 78 e - ——— 0.05 Top of gage length
82 —— - - 0.03 Base of cup

* Average for two specimens
* Leak
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TAHLE

| POST-EXPOSURE TENSILE PROPERTTES
OF FINE=ORATNED B-120VCA TITANTUM ALLOY- SPECIMENS

WHICH SURVIVED SUSTATNED LOAD TESTS

; Tield
Straggth Ultimate
: BExposurs Medium (0. Tensile Elong.,
E (Load 90% Y, Spec. Offset), Strength, (in 2 in.)
: 240 hr) No. ksi ksi
(round Surface
No exposnre* 178 196 56
: Alr Yt 164 193 3.8
: , 72 161 198 3.9
q Water (5] 188 201 ' 5.2
7h 183 198 6.5
ASTM Sea Water 75 U2 179 1.7
76 178 19, h.8
Filmed Surface
No exposure* 178 192 Sek
Air m 184 199 5.1
78 21 21h 1.8
Water 19 181 196 7.4
80 150 204 3.9
ASTM Sea Water 81 W 205 3.0
82 175 181 3.0

* Average for two specimens.
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TABLE 2L

POST-EXPOSURE TENSTLE PROPERTIES
OF COARSE-GRAINED B=120VCA TITANIUM ALLOY SPECIMENS
WHICH SURVIVED SUSTAINED LOAD TESTS

Yield
Si('.rerzxgth Ultimate
Exposure Medium 0. Tenslle ., Failed During Exposure
(Load 90% ¥,  tpec. Offsst), Strength, (i 5 ins) T,
2L0 hr) No. kel kat % hr Location
Ground Surface
No exposure* 191 208 3.2
Adr 3 193 204 2,7
Water N 193 194 0.0*
S 191 203 2.1
ASTM Sea Water 6 - - - 6.3 Pin hole®™
T e o= - 0.02 Pin hole
Filmed Surface
No exposure” 176 194 L1
Air 8 - 120 0.0+
Water 9 189 192 0.0*
10 189 200 3.2
ASTM Sea Water 11 195 205 3.6 o
12 - - -—- 5545 Pin hole

*  jAverage for two specimens
** leak

*+ fensile test fracture through pin hole.
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TABLE 25

EFFECT OF SURFACE CONTAMINATION OF B-120VCA TITANIUM ALLOY
ON_SUSCEPTIBILITY 70 STRESS-CORROSION CRACKING

Post-Exposure
Tensile Proparties*
Surface Removal “Elong.,
Spec, by Pickling, YS, urs, (in 2 in,) Failed During ;E%sun
No, mils kei ksi 3 , cation
sl None 179 180 0.6
S3 None vam= ae= ~en On loading Interface
S10 None e wew ——— 0.017 Interface
s+ None 191 197 0.9
813 0,25¢% 193 205 L.9
sil 0.158 195 208 L.o
sk 0.25 193 205 3.5
S5 0.25 9L 197 0.8
sb6 1l 190 193 1.6
s? 1 193 197 1.2
s8 2 186 199 Le9
59 2 ~== 190 0.9
*

Exposure time was 2LO hr except where indicated to be otherwise.
Exposure stress 70% of yield strength while all others stressed to 90% of
yield strength,

& pigcoloration only.
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TABLE 26
i
EFFECT OF ION SPECIES ON STRESS CORROSION CRACKING 2
IN AQEOUS MEDTUM %
) ) §
i
!
Post-Exposure Tensile Properties
Failure
Nodin Load 90% Yield Strength of 96 hr Survivors
(0.6N) 'ﬁ?e"mﬂ'—m'cma%—L mm';—ms—(mmmﬂn
ZK=-60A
N&Cl 0005 Upper pin hol‘ oean - esen —amn
0.05 Upper pin hole - S —
KCl1 0.03 Interface —~—— —— —
2.3 Base of cup ~— — —-———
CsCl 0.03 Base of cup — ——— —
0.03 Base of cup — - -
NaBr 0.07 Bass of cup o ~—— ——
0.08 Lower pin hole ~e- —— —
NaI 0.07 Upper pin hole ~—- ~—- e
0.12 Upper pin hole ~—- —— ———
17-7 PH RH 950
NaCl 3.0 Base of cup - —nm ——-
2L,2 Base of cup - —— —
KCl 5740 Top fille'l'- ——— - ———
19,2 Lower pin hole -—- = ——
CsCl NF 1L2% 207 219 3.6
NF 1l2 25 217 3.1
NaBr NF 96 201 26 L.6
NF 96 21k 17 5.1
NaI NF 120 216 219 L.8
NF 120 197 217 S.8
B-120VCA
NaCl NF 175 195 206 3.3
NF 120 196 208 k.2 .
KC1 NF 96 198 211 3.7 :
CsCl NF 112 193 203 3.8 .
NF 142 190 202 kel :
NaBr NF 96 202 206 3.7 :
NP 96 193 205 L5
NaI NF 120 192 205 L2
NF 120 19k 205 k.3 !

* NF - no failure in the time given.
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‘Weg. Yo. 21876 20  Neg. No, 21875 X 250
Fig. 1 rig. 2
202L-T86, as-received. 2024-T86, grain coarsening anneal of

900°F=30 hr-WQ, cold rolled 6%, aged
375°F-8 hr-aC,

Etchant: 20% conc. HF, 20% conc. HNOj, balance glycerine.
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Neg. No. 21878 Neg. No. 21877 X 250
Fig. 3 Fig. L

- 7075-76, as-received. 7075-T6, grain coarsening anneal of
. 900°F=30 hr-WQ, aged 250°F-2L hr-AC.

Etchant: Keller's
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Neg. No. 21874

Neg. No. 21873 X 250

ZK=50A-T5, as-received, ZK=-60A

5003 Ix grain coarsening anneal of

hr-WQ, aged 275°F=48 hr-AC.

Etchant: 60% ethylene glycol, 20% glacial

acetic acid, 1% conc. HNO3, balance
distilled water.

Neg. No. 218?2 X 250 “eg. No. 21871 X 250
Fig. 7 Fig. 8
17-7 P2 as-received plus RH 950 17-7 PH, grain coarsening anneal of
treatment: 1750°F=10 nin-AC, -100°F- 2ooo°r-imr-ac, FH 950 treatment:
8hr, 950°F-1hr-AC. 1750°F-10 min-AC, -100°F-8hr, 950°F-
m‘Ac.

Etchant: electrolytic bath of 5% chromic acid.
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: Neg. No. 21869 X 250
; B-12CVCA, as-received plus $00°F-LOhr-AC.
H
g a
> !
, Neg. No. 21870 X 250
) Fig. 10
i B-120VCA, grain refinement treatment of
50% cold roll, 1325°F-1hr-AC, $00°F-LBhr-AC,
Etchant: 20% cone, HF, 20% cone, HN03, balance glycerine,
ks
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Etchant:

Neg. No, 21866 X 250
Fig. 13

B-120VCA specimen No. C3, stress~corrosion
crack due to exposure to 0,02 g/sq in.
ASTM sea salt concentration at 600°F under
100,000 psi stress for 190 hr.

Fig. 1k

B-120VCA specimen No, C6 with 2 micro-
inch anodized film, Stress-corrosion
cracks due to exposure to 0.02 g/sq in,
ASTM sea salt concentration at 600°F
under 100,000 psi stress for 190 hr.

20% conc, HF, 20% conc. HNO3, balance glycerine.
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“ego No. 21879 X 250
Fig. 15

Surface of as-received B-120VCA showing
grain boundary depressione.

Neg. No. 21880 X 250
Fig. 16

Surface of grain-refined B-120VCA showing
that grain boundary depressions are much less
marked than in as=received material.
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PER CENT

TENSILE ELONGATION,

Tests in Various Media.

50

Tensile Elongation of 2024-T86 Aluminum Alloy for

2024-T86 %
SURFACE GROUND CONDITION
6._.
5_.
°
4 |- M ‘?
. *
I
Zr TEST * GRAIN SIZE
MEDIUM FINE | COARSE
- AR A A
WATER 0 e
0 | 1 1 ] 1 ASTM SEA
WATER a LI
ANODIZED DATA AVERAGE, TWO TESTS
6
5.—-
6 o]
8 °
3.—
2._
| -
0 1 L I L L ] L 1 1
0 20 40 60 80 100 120 140 |60 180 200 =220
TEMPERATURE, °F
Fig. 17 -
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PER CENT

TENSILE ELONGATION,

7075 -~T6
SURFACE GROUND CONDITION
14 j—
12
— —
o |- TN~
g
8- [ =
»)
()
6
MEDIUM FINE | COARSE
2r AlR A A
WATER o L
o i i I 1 i ASTM SEA
WATER o ®
ANODIZED DATA AVERAGE, TWOTESTS
12
N\ —
lOr e~ a
T o«
B & o
] |
6_
4 r 4
2
0 I I I ] I | 1 | L

0 20 40 60 80 100 120 140
TEMPERATURE, °F

160 180 200

Fig. 18 - Tensile Elongation of 7075-T6 Aluminum Alloy for

Tests in Various Media.
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PER CENT

TENSILE ELONGATION,

ZK60A
SURFACE GROUND CONDITION
TEST GRAIN SIZE TO 29 3
MEDIUM | FINE [ COARSE
AIR A A TO I7 i
WATER o e
L | ASTM SEA
WATER a a
DATA AVERAGE, TWO TESTS

| | L i L

1

1 1 | 1 |
CHROMATED TO 36 g
TO 20 ‘
B A
o
B °
o)
L 1 ] L | 1 1 | 1

o 20 40 60 80 100 120 140 160 180 200 220

TEMPERATURE, °F

Fig. 19 - Tensile Elongation of 2k=60A Magnesium Alloy for
Tests in Various Media.
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TENSILE ELONGATION, PER CENT

|7-7PH RHOSO

SURFACE GROUND CONDITION

TEMPERATURE, °F

TEST GRAIN SIZE
7 MEDIUM | FINE | COARSE
AIR A A
el WATER (o} ®
ASTM SEA| g -
WATER
5~ DATA AVERAGE, TWO TESTS
4+
3.—
2_
'y
o { R | { T T3 |
PASSIVATED
6_
S
4-—
3-.-
2——
- A
& - ou
) j ! I i 1 I L1 ] I
0 20 40 60 80 100 120 {40 160 180 200 220

Fig. 20 -~ Tensile Elongation of 17-7PH RH 950 Stainless Steel
for Tests in Various Media.
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PER CENT

TENSILE ELONGATION,

B-120 VCA
SURFACE GROUND CONDITION
A
5 -0
-
- TEST GRAIN SIZE
MEDIUM | FINE | COARSE
- AIR A A
WATER o e
] 1 1 ! 1 ASTM SEA
WATER Q "
ANODIZED DATA AVERAGE, TWO TESTS
-
A
— /.
B g
}..
-
1 I | 1 i L ] 1 1

0 20 40 60 80 100 120 140 160 IBO 200 220

TEMPERATURE, °F

Fig. 21 - Tensile Elongation of B-120 VCA Titanium Alloy for
Tests in Various Media.

Sh

g v liad)

5
o

b S s il

Lk




IAEL 2 XL LU

LENR L)

LT TR ey T

Neg. No. 21867 X 250
Fig. 22

ZK=~60A chromated specimen tensile tested
in alr. Crack initiated at a pit produced
by the chromating process.

Etchant: 60% ethylene glycol, 20% glacial acetic acid, 1% conc. mo3,
balance distilled water.

Nege NOo 21799 X 500
Fig. 23

17-7PH, apparently grain boundary oxidation

which occurred during grain coarsening anneal
of 2000°F=4 hr in air. Unetched.
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Nag, No, 2186L X 250
Fig, 27

ZK~-60A stress-corrosgion cracks in fins-
grain chromated specimen which failed in
ASTM =mea watar under a load of 90% of the
yield strength in about 1 min.

Etchant: 60% ethylene glycol, 20 glacial
acetic acid, 1¥ conc. HNOa,
balance distilled vater,
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Neg. No. 22006 X118

Fig. 29

Fracture surfaces of B-120VCA weldments which failed within 1 min of
loading to 110,000 psi in ASTM sea water. Top--nomal weld. Middle--
magnetically stirred by 300 gauss field under conditions of polarity
reversal at the rate of 10 cps. Bottom--magnetically stirred by 250
gauss field under conditions of polarity reversal at the rate of 2 cps.
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