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HIGH STRENGTH ALLOYS FOR SEAWATER
FASTENER APPLICATIONS

Denise M. Aylor
Naval Surface Warfare Center
Code 613
Annapolis, MD 21402-5067

ABSTRACT

Slow strain rate tests were conducted on Rene 41, Alloy 925, and
Alloy A286. Specimens were evaluated in 3.5% NaCl solution in both
freely corroding and cathodically polarized conditions and compared to
similar specimens run in air. 5000 hour statically-loaded proving ring
tests were also conducted in natural seawater under both freely
corroding and cathodically polarized environments to assess the validity
of the slow strain rate method in predicting long-term environmental
cracking resistance. The proving ring tests were performed on Alloy
K-500, Alloy 625 Plus, Alloy 625PH, Ti-6Al-4V ELI, and Beta C titanium.
Slow strain rate results indicated good environmental cracking resistance
for Alloy A286 in all environments evaluated. Rene 41 exhibited a
hydrogen embrittlement susceptibility when polarized to -1000 and -1250
mV vs. SCE. Alloy 925 was susceptible to hydrogen embrittlement at
-1250 mV and showed a reduced load bearing capacity in freely
corroding, -850, and -1000 mV vs. SCE environments. The proving ring
results showed that the slow strain rate method is valid for assessing
long-term environmental cracking resistance of fastener alloys.

INTRODUCTION

High strength materials that are utilized in Navy fastener
applications require good hydrogen embrittlement/stress corrosion
cracking (HE/SCC) resistance as well as galvanic compatibility with the
Components that they are fast2ning. Alloy K-500 is currently an
approved fastener material per MIL-S-1222 and is typically used in high




strength applications. Alloy K-500 is, however, known to be susceptible
to hydrogen embrittlement when cathodically protected (1-3). Due to this
environmental cracking susceptibility and to its poor galvanic compatibility
with noble metal components, alternate fastener materials are being
considered. A research program assessing the HE/SCC resistance of a
variety of nickel-base, titanium-base, and iron-base alloys has been
ongoing for the past three years. Slow strain rate test (SSRT) results of
particular alloys have been previously published (4,5). In this paper, the
slow strain rate results of three additional fastener alloys will be
presented. Specifically, these alloys are Rene 41, Alloy 925, and Alloy
A286. Proving ring test data on nickel- and titanium-base fastener alloys
will also he presented to assess the validitv of the slow strain rate
method in predicting lonc-term environmen*al cracking resist~nce.

MATERIALS
SLOW STRAIN RATE TESTING

The materials evaluated by the slow strain rate test method
included Rene 41, Alloy 925, and Alloy A286. The chemical composition
and mechanical property data for these alloys is included in Table 1.

PROVING RING TESTING

The fastener alloys utilized in the proving ring tests consisted of
Alloy K-500, Alloy 625 Plus, Alloy 625PH, Ti-6Al-4V ELI, and Beta C
titanium. The chemical composition and mechanical property
certifications by the manufacturer for these alloys was reported
previously (5).

EXPERIMENTAL PROCEDURE

SLOW STRAIN RATE TESTING

Slow strain rate tests were performed using notched tensile
specimens (5). Specimens were pulled to failure using a displacement
rate of 9 x 107 in/sec. Each of the fastener alloys were evaluated in
conditions of air, freely corroding, and cathodically polarized to -850 mV,
-1000 mV, and -1250 mV levels versus a saturated calomel reference
electrode (SCE). The freely corroding and cathodic polarization tests
were done in 3.5% NaCl solution. Duplicate tests were performed per
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condition on each alloy. After testing, each specimen was removed from
the test assembly and the fracture surfaces were preserved with plastic
spray until SEM examination could be performed.

PROVING RING TESTING

The proving ring tests utilized the same notched tensile specimens
as in the slow strain rate tests. Specimens were uniaxially loaded to the
90% yield load level based on slow strain rate air tests performed on
each alloy. Static load testing was conducted in ambient temperature,
natural seawater with specimens either a) freely cerroding or b) polarized
to -1000 mV vs. a Ag/AgCI reference electrode. Specimens were tested
to failure or were removed from test if no failure had occurred after 5000
hours' exposure. The unfailed specimens were then pulled to failure in
air using a 9 x 107 in/sec displacement rate, and their fracture surfaces
were examined in the SEM.

RESULTS AND DISCUSSION

SLOW STRAIN RATE TESTING

Tables 2-4. document the slow strain rate results for Rene 41,
Alloy 925, and Alloy A286. These tables include the time to failure,
maximum load attained, and the air/seawater environment ratio for each
specimen as well as a summary of the fracture surface appearance after
the slow strain rate testing.

The Rene 41 SSRT specimens exhibited predominantly ductile
transgranular fracture behavior in air, freely corroding, and -850 mV vs.
SCE conditions. For these specimens, approximately 5% of the fracture
surfaces contained low ductility areas but no indication of intergranular
failure was evident. The SSRT specimens tested at -1000 mV vs. SCE
showed a moderate amount of intergranular failure with secondary
cracking. The SSRT specimens polarized to -1250 mV vs. SCE
displayed fracture surfaces similar to the -1000 mV specimens, but a
larger amount of secondary, intergranular cracking was present on the
-1250 mV specimens. Although intergranular cracking was found on
specimens polarized at both the -1000 and -1250 mV levels, a reduction
in the maximum load data versus air was only evident for the -1250 mV
cpecimens. The degree of secondary, intergranular cracking present on
the -1000 mV specimens was presumably not enough to show a
significant reduction in the maximum load attained as compared to air.

The Alloy 925 material behaved similarly in air, freely corroding,
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-850 mV, and -1000 mV environments. The maximum loads attained in
all four conditions fell within the same range of values. The appearance
of the fracture surfaces after slow strain rate testing showed ductile
fracture combined with secondary, intergranular cracking which

predominantly occurred at the notch root. This ductile intergranular
failure mode indicates a reduced load bearing capacity for this alloy as
compared to a material that fractures in a ductile transgranular mode.

The Alloy 925 SSRT specimens that were cathodically polarized to
-1250 mV exhibited evidence of hydrogen embrittlement. Both
specimens contained a moderate amount of secondary intergranular
cracking that was concentrated at the notch root. The maximum load
values were also reduced in comparison to the air values.

Th Alloy A286 SSRT specimens exhibited good er.vironmental
cracking resistance in all of the environments evaluated. The SSRT data
for this alloy indicated a slight reduction in maximum load for the
cathodically polarized specimens as compared to air: however,
examination of the fracture surfaces did not suggest a hydrogen-assisted
cracking mechanism. The fracture surface appearance of all of the Alloy
A286 specimens showed ductile transgranular behavior over 95% of the
surfaces. The remaining 5% of the fracture surfaces contained low
ductility areas with porosity present around precipitates. Energy
dispersive x-ray analysis of these areas showed the precipitates to be
titanium-rich.

PROVING RING TESTING

A comparison of the proving ring and slow strain rate test results
for nickel- and titanium-base fastener alloys is found in Tables 5-6. The
SSRT data in these tables was reported previously (5). With the
exception of the Alloy 625PH proving ring specimens that were
cathodically polarized to -1000 mV, all of the proving ring specimens
were in test for 5000 hours without failure and then were pulled to failure
in air at a displacement rate of 9 x 107 in/sec. The cathodically polarized
Alloy 825PH proving ring specimens failed after <48 and <120 hours,
respectively.

The nickel- and titanium-base alloys exhibited a ductile fracture
mode for both the proving ring and slow strain rate specimens tested in
freely corroding conditions. Although some cracking was present on the
titanium alloy specimens, the cracking was not intergranular and did not
indicate an environmental cracking susceptibility. The three nickel-base
alloys tested at -1000 mV all displayed a hydrogen embrittlement
susceptibility in both the proving ring and slow strain rate tests.
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Moderate to extensive secondary intergranular cracking was found on all
cathodically polarized nickel-base alloy specimens except Alloy 625 Plus
SSRT specimens. The Alloy 625 Plus specimens exhibited isolated
areas of intergranular fracture concentrated at the notch root. The two
titanium-base alloys exhibited a ductile failure mechanism under -1000
mV conditions in both the proving ring and slow strain rate tests. The
slight to moderate degree of cracking evident on the titanium specimens
was not intergranular and showed no indication of environmental
cracking.

The maximum loads attained on the nickel-and titanium-base
alloys "< show some variability between the slow strain rate an~ proving
ring tests. | the freely corroding environment, the maximum loads for
the nickel-base proving ring specimens were either similar or lower than
the slow strain rate specimens. In the cathodically polarized condition,
the Alloy K-500 and Alloy 625 Plus proving ring specimens were
consistently lower than the slow strain rate specimens. These reduced
loads were presumably due to more extensive intergranular cracking
present on the proving ring specimens, which resulted in a reduction in
the maximum load attained. The Alloy 625PH material exhibited similar
maximum loads for both the slow strain rate and proving ring tests,
corresponding to a similar degree of intergranular cracking present on
these specimens. For the Ti-6Al-4V ELI and Beta C alloys, the
maximum loads attained in both freely corroding and cathodically
polarized conditions were either similar or lowe - in the proving ring tests
as compared to the slow strain rate tests.

In summary, there was good correlation between the proving ring and
SSRT results. SSRT results for these high strength fastener alloys have
typically shown variability in the maximum loads reported and thus, the
primary criteria for predicting environmental cracking resistance has been
the fracture surface appearance (5). Based on the fracture surface
evaluation of the nickel- and titanium-base alloys, the resistance or
susceptibility to environmental cracking in the freely corroding and
cathodically polarized environments was consistent between the slow
strain rate and proving ring tests. Thus, the accelerated slow strain rate
test appears to be valid for predicting long-term environmental cracking
resistance of high strength fastener alloys.

CONCLUSIONS

o Rene 41 has good environmental cracking resistance in freely
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corroding and -850 mV vs. SCE conditions. This nickel-base alloy is
susceptible to hydrogen embrittlement when polarized to -1000 and
-1250 mV vs. SCE.

o Alloy 925 exhibited a ductile interaranular fracture mode in air, freely
corroding, -850, and -1000 mV vs. SCE conditions; this intergranular
fracture behavior indicates a reduced load bearing capacity for this alloy
as compared to an alloy that fractures in a ductile transgranular mode.
Alloy 925 is susceptible to hydrogen embrittiement when cathodically
polarized to -1250 mV vs. SCE.

o Alloy A286 displayed good environmental cracking resistance in air,
freely corroding, and cathodically polarized environments.

o A comparison of short-term slow strain rate and long-term proving ring
tests indicated that the slow strain rate method is valid for assessing the
long-term environmental cracking resistance of high strength fastener
alloys.
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