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Abstract. Ti-6Al-4V alloy in solutionized and aged condition was subjected to axial fatigue testing
in air and corrosive environments respectively. Severity of the methanol damage as evidenced
through fractographic studies, corroborates loss in fatigue strength of samples tested in methanol
environment in contrast to samples tested in air. Samples subjected to fatigue loading in NaCl
environment revealed extensive secondary cracks along alpha grain boundaries.
Introduction
Titanium alloys are widely used in aerospace, marine and chemical industries due to its high
specific strength coupled with inherent corrosion resistance [1]. However, titanium alloys are
susceptible to stress corrosion cracking in certain aggressive environments, in particular methanol,
resulting in considerable decrease in quasi-static tensile and fatigue properties [2, 3]. The presence
of sharp corners and notches in structural design further aggravates the loss in mechanical
properties of titanium alloys in such aggressive environments. Hence, it is worthwhile to study the
influence of the environmental impact on the material performance of these alloys in monotonic and
cyclic loading condition in ambient and corrosive environments respectively. Quasi-static and
fatigue testing in inert (paraffin wax) as well as in aggressive environments were earlier reported by
the authors using smooth and notched tensile specimens [4-6]. The present work focuses on the
evolution of texture and microstructural characterization of fatigue tested samples in methanol and
NaCl environments.
Materials and Methods
Ti-6Al-4V alloy in solutionized and over-aged condition (STOA) was subjected to axial
fatigue (R= 0.1, frequency = 10 Hz) in laboratory air, methanol (95% conc.) and NaCl (3.5% conc.)
environments [7].Tensile specimens having a notch root radius of 30 mm in the gage section (stress
concentration factor Kt = 1.18) were tested in air and methanol environments. Additionally, notched
tensile specimens by introducing V-notch with a root radius of 0.025 mm in the gage section (stress
concentration factor, Kt = 18.65) were also subjected to fatigue testing in air and NaCl
environments. Fractography of all the tested samples in air and corrosive environments were studied
using Quanta 400 scanning electron microscope (SEM) both in secondary electron and
backscattered modes. Energy dispersive spectroscopy (EDS) was used for elemental and
compositional analysis of corrosion products using a Li doped Si detector.
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Results and Discussion
The relative intensities of the peaks in the X-ray diffractograms of the samples clearly
indicated the dependence of stress concentration and environments on the evolution of texture
(Fig. 1). Fractography of samples exemplified the extent of microstructural damage and it was
found that irrespective of the environment and the imposed stress concentration factor Kt,
specimens failed revealing three distinct zones namely crack initiation, propagation stage and final
fracture (Figs.2a, b, c). Fatigue propagation region was characterized by striations with spacing of
around 1.25 microns. Final fracture region displayed rough fracture features and dimples as shown
in Fig.1c. The size of these dimples was around ~ 2.7 microns.

Fig. 1 X-ray diffractograms of the fatigue tested samples.

Fig. 2 Fractography of tested samples at various stages during fatigue loading.
With respect to crack initiation site, sample fatigue tested in air, displayed characteristic
V-shaped chevron marks which can be traced back to the origin of crack as shown in the Fig 3a.
Crack initiation occurred on the edge of the gage section and propagated before culminating in to
final fracture. Whereas, in case of samples fatigue tested in methanol environment, effect of
environmental damage was clearly revealed in Fig. 3b. Crack initiation occurred at one of the
corners of the gage portion, where methanol affected corroded deposits were seen (Fig.4b). EDS
analysis on these deposits indicated the presence of carbon, thus evidencing the interaction of
methanol with TiO2, which eventually might have resulted in loss of corrosion protection.
Table 1 Fatigue limits of tested in air, methanol and NaCl environment.
S. No
1.
2.
3.
4.

Environment
Air
Methanol
Air
NaCl

Kt
1.16
1.16
18.65
18.65

Maximum applied stress [MPa]
462
293
107
88

Total number of cycles to failure
1611210
1831452
572221
331558
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Fig. 3 Crack initiation site of fatigue tested samples in air, methanol and NaCl environment.

Fig. 4 Corrosive attack during fatigue loading in methanol environment.
Reduction in fatigue limit due to methanol attack was evident as shown in Table 1 with a reduction
of about 36% in contrast to identical samples tested in air environment. Notched tensile samples
tested in NaCl environment revealed a reduction in fatigue limiting stress of about 18% as depicted
in Table 1. Fractographs of failed specimens indicated extensive secondary cracking in contrast to
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notched fatigue samples tested in air environment (Fig.5a). SEM on polished and etched samples
revealed secondary crack propagation along equi-axed alpha grain boundaries (Fig. 5b).
Furthermore, in contrast to fatigue tested samples in air, samples failed in NaCl environment
revealed minimal plastic deformation during the final fracture regime, with less number of cycles
before final failure.

Fig. 5 Secondary cracking in fatigue tested samples (as fractured, Fig 4a and polished & etched
micrograph using Kroll’s reagent, Fig 4b) in NaCl environment.
Summary
Notched and fatigue tested samples in methanol and NaCl corrosive environments revealed
a reduction of fatigue limit strength of about 36% and 18% respectively in contrast to samples
tested in air. Fractographic analysis indicated the severity of corrosive damage in the gage portion
of fatigue samples tested in methanol environment. Extensive secondary cracking with minimal
plastic deformation was observed in fatigue tested samples in NaCl environment in contrast to
samples tested in air.
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