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Local rapid induction heating is used as a post weld heat treatment for a welded Ti-6Al-4V alloy. The
welded sample is heat treated at different temperatures. The microstructure and corrosion behavior of
the welded sample before and after the post weld heat treatment are investigated. Electrochemical
impedance spectroscopy (EIS) measurements under slow strain rate test (SSRT) are performed in a
LiCl-methanol solution. The results demonstrate that the microstructure in fusion zone evolves from
acicular o martensite phase in the as-welded sample to lathy o phase and transformational § phase in
the heat treated samples. The lathy o phase decreases and the transformational 3 phase increases with
the increase of the heat treatment temperature in the fusion zone. The mechanical properties and
corrosion resistance of the welded samples are significantly improved after the heat treatment and
gradually increase with the increase of the heat treatment temperature, which indicate that the post
weld heat treatment effectively reduces the susceptibility of the welded Ti-6Al-4V alloy to stress
corrosion cracking.

Keywords: Ti-6Al-4V alloy; Welding; Post weld heat treatment; Stress corrosion cracking;
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1. INTRODUCTION

Ti-6Al-4V alloys have been considered as the important structural material due to the excellent
mechanical properties, corrosion resistance and chemical compatibility [1-5].

Because of the formation of a protective oxide film (TiO2) on the surface, titanium alloys are
immune to many aggressive environments which induce corrosion behavior of conventional metallic
materials such as aluminium alloys and steels [6-8]. Nevertheless, the protective oxide film can be
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ruptured by external condition such as abnormal mechanical loads, erosion environments and their
synergistic effects [9]. The stress corrosion cracking is a well known process of continuous
performance deterioration. Under the combined action of stress and corrosion, crack propagation rate
in a material can often be accelerated which leads to failure of structures. Usually, the applied stress
caused stress corrosion cracking is much less than the yield strength of materials. The stress corrosion
cracking behavior of titanium alloys in various aggressive environments such as organic solvent,
aqueous solution, hot salt and even ionic liquid have been extensively investigated. For instance,
Trasatti reported that the effect of the water content on the stress corrosion cracking susceptibility of
pure titanium in n-propanol and iso-propanol solutions [10]. Pustode found a critical temperature for
the initiation of stress corrosion cracking of Ti-6A1-2Sn-4Zr-2Mo-0.1Si alloy in hot salt [11]. Tsai
found that the Ti-6Al-4V alloy was susceptible to stress corrosion cracking in Lewis-neutral
aluminium chloride—1-ethyl-3-methylimidazolium chloride ionic liquid [12]. Titanium and its alloys
have been proven to be susceptible to stress corrosion cracking in a series variety of application
environments.

With the exploitation and application of Ti-6Al-4V alloys, welding are widely utilized [13-15].
The welding process has been considered to be harmful to the corrosion behavior of welded titanium
alloys. Karimzadeh and Heidarbeigy found that the fusion zone of gas tungsten arc welding Ti—-6Al-
4V alloy showed lower corrosion resistance compared with the base metal in Ringer solution, which
was indicated by the more negative corrosion potential and higher corrosion current densities [16,17].
Han reported the corrosion behavior of scanning electron beam welded Ti—6Al-4V alloy in acid
CuSO4 solution and obtained the similar conclusions [18]. In conclusion, the fusion zone was
considered to be particularly sensitive to corrosion and stress corrosion cracking because of the
entirely different structure in comparison to the base metal. Our previous study showed that the welded
Ti—6Al-4V alloy had stronger corrosion tendency and higher stress corrosion cracking susceptibility
compared with the non-welded one in a chloride -methanol solution [19].

Hence, it is essential to suppress the stress corrosion cracking behavior for ensuring the
reliabilities of the welded titanium alloys in the working environments during their service lives.
Microstructure is an important factor that affects stress corrosion cracking behavior [20,21]. Several
researches have indicated that the microstructure of welded titanium alloys could be adjusted by post
weld heat treatment in past decades, such as bulk heat treatment in furnace [22-24]. However, the bulk
heat treatment technologies are not suitable for large scale components because of the volume. Local
heat treatment technology could be free from the limitation of volume and shape of the workpiece.
Induction heating technology is a mature heat-treatment technology, which can provide a very fast
heating speed for the workpieces. Particularly, the induction heating can produce a less deformation to
the workpieces. The system generates a high-frequency alternating current passing through the
induction coil. The flow of the alternating current induces a high-intensity and rapidly changing
alternating magnetic field around the induction coil. The workpiece is placed in this alternating
magnetic field and the rapid variation of alternating magnetic field produce an induction current
flowing in the workpiece (according to the Faraday law of electromagnetic induction). The conductive
workpiece could be heated by the joule heat which generate from the flow of induction current [25].
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Induction heating technology has been proven to be efficient and applicable in titanium processing
industry compare with the traditional convective or radiant heating technology [26-29].

Electrochemical impedance spectroscopy (EIS) has been proven to be effective to study the
characteristics of the electrochemical corrosion and the process of electrodes reaction, which has been
widely used in various materials [30-32]. To the author’ s knowledge, electrochemical impedance
spectroscopy has been used in combination with slow strain rate test to study the stress corrosion
cracking behavior of steel and aluminum, but very little researches reported on the titanium alloy,
especially the relevant research on the welded titanium alloy is still very lacking [33-35]. Some
researchers found that the heat treatment can affect the microstructures of welded samples [22-24],
however, not much information is available regarding their influence on the electrochemical corrosion
and stress corrosion cracking behavior. Therefore, the aim of the present paper is to adjust the
microstructure of the welded Ti-6Al-4V alloy by post weld local rapid induction heating, in order to
investigate the effect of heat treatment on the susceptibility of stress corrosion cracking and the
electrochemical corrosion behavior.

2. EXPERIMENTAL

2.1 Materials and welding

Commercially available mill-annealed Ti-6A1-4V alloy sheet with dimensions of
240mmx50mmx1mm was prepared for laser welding in this work. The chemical composition of Ti-
6A1-4V alloy was shown in Table 1.

Table 1. Chemical compositions (wt.%) of Ti-6A1-4V alloy.

Element Ti Al V Fe C 0O H N
Content Balance 5.9 4.0 0.08 0.02 0.1 0.002 0.3

Ti-6A1-4V alloy were welded by using a Rofin-DC030 3kW laser beam system and the
welding parameters was listed in Table 2. The surfaces of all samples were brushed and cleaned with
acetone to remove contaminants and surface oxides before the welding. Pure argon was employed for
avoiding oxidation of the workpiece in ambient gases.

Table 2. Parameters of the laser beam welding.

Power Frequency Welding speed ( Argon pressure
(W) (Hz) m/min) (MPa)
800 35 1 0.12
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2.2. Post weld local rapid induction heating

The control of microstructures of the weldments was carried out using post weld local rapid
induction heating method.

The induction power supply was 60kW and the frequency was 25kHz. The induction coil was
employed to scan the weld zone (reciprocating moving). Temperature was measured and controlled by
utilizing an infrared thermometer focused on the surface of workpiece. The induction coil was located
above the workpiece and the heating width was 20 mm. At the end of the heat treatment, the power
supply was turned off and the workpiece cooled to room temperature. The schematic diagram of the
heat treatment was shown in Figure 1 (the black arrow represented the moving direction of the
workpiece) and the heating parameters was shown in Table 3.

Induction coil

—= Wioikpicce

Figure 1. Schematic diagram of the post weld local rapid induction heating.

Table 3. Parameters of the post-weld local rapid induction heating.

Mode Temperature Scanning Cyclic Abbreviation
(°C) speed number
(mm/min)
500 H-500
Reciprocating 600 120 15 H-600
scanning 700 H-700

2.3. Slow strain rate test

Titanium alloy has been proven to be susceptible to corrosion in organic medium such as
methanol solution under the existence of applied stress, particularly the presence of chloride as LiCl
[8]. The stress corrosion cracking susceptibility was assessed by slow strain rate test (LETRY WDL-
1000) at a strain rate of 3x10-7 /s in 0.1 mol/L LiCl-methanol solution at room temperature. The
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geometry of the tensile sample was shown in Figure 2. The tensile samples were covered with silicone
rubber, the fusion zone with an area of 0.12 cm? was exposed to the test solution.
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Figure 2. Dimensions of the tensile specimen, mm.

2.4. Electrochemical measurement

Stress corrosion cracking behavior was studied by using the slow strain rate test coupled with
the electrochemical measurements. Electrochemical impedance spectroscopy was carried out through
Gamry Reference 3000 electrochemical measurement system. Three-electrode cell was used in this
study: a silver/silver chloride/methanol electrode [36-40] was used as the reference electrode, the
tensile samples were used as the working electrode and the graphite was used as the counter electrode.
Electrochemical impedance spectroscopy measurements were performed every 2h from the start of the
slow strain rate test to the failure of the sample. A sinusoidal perturbation signal with amplitude of 10
mV was applied to the work electrode at the open circuit potential and the measuring frequency swept
from 100 kHz to 0.01 Hz. The EIS results were analyzed by fitting the experimental data with
ZSimpWin software.

2.5. Microstructure and fracture surface analysis

The samples were cross cut transverse to the welding direction. The cross-sections were
ground, polished and etched using Kroll’s solution for the microstructure analysis by light microscope
(Olympus PMG2).

The phase composition of the samples was identified by X-ray diffraction (Philips, X pert)
using Cu Ka radiation source working at 40 kV and 40 mA. The scanning range was from 30° to 70°
with scanning rate of 0.1 °/s.

The fracture analysis of the tensile samples was performed by Hitachi S-3000N scanning
electron microscope.
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3. RESULTS AND DISCUSSION

3.1 Microstructures of the welded Ti-6Al-4V alloy before and after heat treatment

Figure 3 exhibits the typical microstructure of the as-welded Ti-6Al-4V alloy. As shown in
Figure 3a, the base metal is found to be composed of a bright equiaxed o phase (hexagonal close-
packed structure) and a dark B phase (body-centered cubic structure), the B phase distributes at the o
phase boundaries.

Titanium and its alloys have the behaviors of the reversible transformation, when the
temperatures reach a certain level, the phase structures completely change from a hexagonal close-
packed structure (o phase) to a body-centered cubic structure (p phase). The transformation
temperatures are influenced by the kinds and content of the alloying elements. For the Ti-6Al-4V
alloy, the transformation temperature is approximately 985°C which is known as the B transition
temperature. Though, the temperature exceeds the melting point of the Ti-6Al-4V alloy during the
welding process. There is no enough time for the B phase to transform into the o equilibrium phase
through diffusion transformation because of the high cooling speed during the solidification process.
Conversely, a diffusionless transformation from the B phase to the martensite solidification structure
occurs through the regular migration of atoms in B phase. The fine acicular o’ martensite solidification
structure (supersaturated nonequilibrium hexagonal phase) with the different crystallographic
orientations within the coarse prior B columnar grains (epitaxially grows along the direction from the
semi-melted P grains near the fusion boundary to the weld centerline) is observed in the fusion zone, as
shown in Figure 3b. The boundaries of the prior B columnar grains are clear. The microstructure of the
fusion zone corresponds to that of Ti-6Al-4V alloy quenches from [ phase region above the P
transition temperature. The microstructure of the heat affected zone contains some different features
which are not observed in the fusion zone. On the basis of the different microstructures, the heat
affected zone is usually divided into two subregions, the heat affected zone close to the fusion zone
(near-heat affected zone) and the heat affected zone close to the base metal (far-heat affected zone). As
shown in Figure 3c, the microstructure of the near-heat affected zone is made of the acicular o
martensite phase. In the near-heat affected zone, the peak temperature surpasses the [ transition
temperature in the process of welding. The near-heat affected zone could be considered as the fully
transformed region, thus, the microstructure of the near-heat affected zone is similar to that of the
fusion zone. The microstructure of the far-heat affected zone includes the acicular o’ martensite phase,
the original o phase and the original § phase, as shown in Figure 3d. For the far-heat affected zone, the
driving force of the transformation is low due to the peak temperature which is below the B transition
temperature. The appearance of the remaining original a phase and original B phase indicates the
incomplete transformation from the  phase to the o’ martensite phase, thus, the far-heat affected zone
could be considered as the partially transformed region. From the near-heat affected zone to the far-
heat affected zone, the amount of the acicular o’ martensite phase decreases with the increasing in the
amounts of the original a phase and the original  phase, which leads to a great gradient of the
microstructure in the heat affected zone. The microstructure of the welded Ti—6A1-4V alloy has been
investigated by many researches which showed the similar microstructure of the fusion zone (acicular
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o’ martensite phase), near-heat affected zone (acicular o' martensite phase) and far-heat affected zone
(acicular o’ martensite phase, original o phase and original 3 phase) from the welded Ti—-6A1-4V alloy
[13-15]. The microstructure of the welded Ti—6A1-4V alloy was also discussed in our previous
research [19].
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Figure 3. Microstructure of the welded Ti-6Al-4V alloy: (a) base metal; (b) fusion zone; (c) near-heat
affected zone; (d) far-heat affected zone.

Figure 4 presents the XRD patterns of the fusion zones in the welded samples before and after
the heat treatment. Only o’ martensite phase existed at the as-welded sample. The diffraction peaks of
the welded samples are made of o phase and  phase together after heat treatment. It is clearly shown
that the phase transformation: o’ — o + B occurs during the process of the post weld local rapid
induction heating, and the heat treatment temperature does not change the phase compositions of the
fusion zones in the welded samples.

Figure 5 displays the images of the fusion zones for the welded samples after the heat treatment
with the different temperatures. It can be found that the microstructure of the heat treated samples is
similar no matter what the heat treatment temperature is, as shown in Figure 5a, Figure 5¢ and Figure
Se.
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Figure 4. XRD patterns of the fusion zones of the as-welded samples with and without heat treatment.

According to the XRD results, the acicular o’ martensite phases presented in the fusion zones of
the as-welded sample are transformed into o phases and B phases after the post weld heat treatment.
Thus the bright lathy a phases and the dark transformed [ phases exist together in the heat treated
samples. Similar results have been found by other author. Thomas et al. reported that the phase
composition of the fusion zone in the welded Ti-6Al-4V alloy after heat treatment was almost similar
to that in the as-welded sample when the heat treatment temperature was in a relatively low level such
as 540 °C, they are consisted of o’ martensite phases [41]. But the o’ martensite phase was transformed
into lathy a phases and 3 phases, the transformed B phases presented at the o phases interface after heat
treatment in a relatively high temperature such as 950 °C, and the microstructural evolution was also
observed by Kabir et al. after the samples underwent heat treatment in a similar temperature (538 ‘C
and 913 °C) for the welded Ti-6Al-4V alloy [22,23].
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Figure 5. Microstructures of the fusion zones in the welded Ti-6Al-4V alloy after post weld heat
treatment with the different temperatures: (a) 910 C treated sample; (b) monochromatic
photographs of Fig. 5a; (c) 940 C treated sample; (d) monochromatic photographs of Fig. 5c;
(e) 970 °C treated sample; (f) monochromatic photographs of Fig. 5e.

The black and white monochromatic photographs of Figure 5a, Figure 5c¢c and Figure 5e
transformed by using software of “Image Pro Plus” are shown in Figure 5b, Figure 5d and Figure 5f. In
the monochromatic photographs, the black area represents the lathy o phase and the white area
represents the transformed 3 phase. It is seen that the content of the transformed [ phase obviously
increase with the heat treatment temperature, which implies the decreasing content of the lathy a
phase.

3.2. Slow strain rate test

The method of slow strain rate test is employed in order to examine the susceptibility of the
heat treated samples to stress corrosion cracking [42-45]. Figure 6 displays the stress-strain curves of
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the welded samples before and after the heat treatment during the slow strain rate test process in
corrosive medium and air. The detailed mechanical properties, such as the breaking elongation and the
ultimate tensile strength are summarized in Table 4, the susceptibility of the welded sample before and
after heat treatment to stress corrosion cracking can be evaluated by comparing their mechanical

properties.
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Figure 6. Stress-strain curves of the welded samples before and after post weld heat treatment during
the slow strain rate test process: (a) tested in solution; (b) tested in air.
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The results from Figure 6 and Table 4 present that the ultimate tensile strength and the breaking
elongation for the as-welded sample are only 241 MPa and 0.73%, respectively. The poor mechanical
properties imply the high susceptibility to stress corrosion cracking. To the Ti-6Al-4V alloy, Yin et al.
reported the similar cracking behavior in methanol solution and air under slow strain rate test, who
found that the mechanical properties such as the breaking elongation obtained from methanol solution
significantly decreased compared with that tested in air condition, the breaking elongation of the
sample decreased by 52% [46]. It can be clearly seen that there are obvious improvement in the
mechanical properties of the welded samples after heat treatment. The ultimate tensile strength and the
breaking elongation of the heat treated samples obviously increase with the heat treatment temperature.
In comparison with the as-welded sample, the ultimate tensile strength and the breaking elongation of
the sample heat treated at 970 “C increase by 168 % and 175 %, respectively.

The susceptibility index of stress corrosion cracking can be expressed by the loss ratio of
mechanical properties through the comparison of the samples tested in corrosive medium and air, such
as the loss ratio in ultimate tensile strength (I.) and breaking elongation (I.), as following equations
show:

I, (%) = “=t—=2L x 100 (1)
I. (%) =*—H'l;‘_*=°l % 100 2)

Where ;. and =;, represent the ultimate tensile strength and the breaking elongation obtained
in air, o_,; and =, represent the ultimate tensile strength and the breaking elongation obtained in
solution [47-49]. To the titanium alloy, Wu et al. found that the susceptibility index of stress corrosion
cracking tested in methanol solution reached up to 92.5% compared with that which was 0% obtained
from air condition [50]. According to the mechanical properties shown in Table 4, the susceptibility
index I, and I, can be obtained, as shown in Figure 7. It can be seen that the susceptibility index of the
stress corrosion cracking significantly decreases after the heat treatment, the higher heat treatment
temperature implies the lower susceptibility index. It is without question, the post weld heat treatment
effectively reduces the susceptibility of the welded Ti-6Al-4V alloy to stress corrosion cracking in
LiCl-methanol solution.

Table 4. Tensile data of the samples from Fig. 6

Sample Condition Ultimate tensile strength ~ Breaking elongation
(MPa) (%)
A-welded Solution 241 0.73
Air 938 6.89
H-910 Solution 476 1.54
Air 911 6.96
H-940 Solution 550 1.79
Air 900 7.01
H-970 Solution 646 2.01

Air 935 6.88
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Figure 7. Susceptibility index of the stress corrosion cracking of the welded samples before and after
post weld heat treatment.

The fractograph morphologies of the as-welded and heat treated samples tested in air and
solution are displayed in Figure 8. As Figure 8a, Figure 8c, Figure 8e and Figure 8g show, the fracture
mode of all the samples tested in solution is dominated by the brittle fracture due to the transgranular
cleavage plane on the fracture surfaces [51]. For the samples tested in air, there are numerous dimples
on the fractograph of the samples, which indicate good capability of plastic deformation exists in the
samples (Figure 8b, Figure 8d, Figure 8f and Figure 8h). Yin et al. and Hu et al. have proven the
similar fractograph morphologies for the brittle fracture (transgranular cleavage plane) and the ductile
fracture (dimples) of the Ti-6Al-4V alloy tested in methanol solution and air condition during the slow
strain rate test [46,52].
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Figure 8. Fractograph of the as-welded and the heat treated samples with the different temperatures:
(@), (b) as-welded sample tested in solution and air; (c), (d) 910 °C treated sample tested in
solution and air; (e), (f) 940 °C treated sample tested in solution and air; (g), (h) 970 °C treated
sample tested in solution and air.

3.3 Electrochemical impedance spectroscopy analysis with the slow strain rate test test

Figure 9 displays the evolution of the electrochemical impedance spectroscopy of the welded
samples before and after heat treatment during the slow strain rate test process. It is clear that there is
an identical feature for all the impedance spectroscopy, the Nyquist plots are featured with a
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capacitance loop over the whole tested frequency range, which clearly presents one time constant in
the measurement process. The radius of the capacitance loop decreases continuously with the increase

in the immersion time.
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Figure 9. Evolution of the electrochemical impedance spectroscopy of the as-welded and the heat
treated samples with the different temperatures during the slow strain rate test process (symbols
are experimental data and solid lines are fitting data): (a) as-welded sample [17]; (b) 910 °C
treated sample; (c¢) 940 °C treated sample; (d) 970 °C treated sample.
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The EIS results can be fitted by using the equivalent circuit model which is shown in Figure 10.
In this equivalent circuit model, there is only one time constant, where R; is the solution resistance, Qg
is the constant phase element for the electrochemical double layer and the R is the charge transfer
resistance. The equivalent circuit has been widely used to describe the corrosion behavior for titanium
alloy in various corrosive medium such as simulated physiological condition (Ringer’s solution) and
simulated sea water condition (3.5% NaCl solution), and the equivalent circuit Rs (Qg Ret) Which is
shown in Figure 10 has been proven to be suitable and accurate for the corrosion behavior of titanium
alloy [53-55]. There is a good correspondence (shown in Figure 9) between the fitted (solid lines) and
the measured (symbols) spectroscopy, which indicates a low fitting error and good data accuracy of the
fitting result. The fitting results are exhibited in Table 5, 6, 7 and 8.

Figure 10. Equivalent circuit models for the electrochemical impedance spectroscopy of the as-welded
and heat treated samples during the slow strain rate test process.

Table 5. EIS fitting parameters for the as-weld sample.

Time R Qui n Rt
(h) (Q-cm?) (Q*.8".cm?) (Q-cm?)
0 36.58 3.362 x 10° 0.8392 7.461 x 10°
2 36.87 3.171x 10° 0.8499 4.412 x 10°
4 34.59 3.288 x 10 0.8646 3.976 x 10°
6 36.93 3.682 x 10° 0.8414 1.647 x 10°

Table 6. EIS fitting parameters for the 940 C treated sample.

Time Rs Qua n Rt

(h) (Q-cm?) (Q*-8"-cm?) (Q-cm?)

0 35.62 4221 x 107 0.8351 8.621 x 10°
2 35.57 4.304 x 10 0.8332 6.211 x 10°
4 36.71 3.248 x 10° 0.8451 5.331 x 10°
6 36.37 3.888 x 10° 0.8298 4.991 x 10°
8 36.75 3.589 x 10 0.8432 4.476 x 10°
10 34.93 3.489 x 10 0.8511 3.494 x 10°
12 36.32 3.726 x 10 0.8508 3.445 x 10°

14 36.99 3.508 x 10 0.8486 3.031 x 10°
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Table 7. EIS fitting parameters for the 940 “C treated sample.

Time R, Qu n Rt

(h) (Q-cm?) (Q*1.8".cm?) (Q-cm?)

0 35.75 4.091 x 10° 0.8376 8.698 x 10°
2 36.16 3.833x 10° 0.8471 6.815 x 10°
4 32.26 4.151 x 10° 0.8311 5.736 x 10°
6 31.96 3.947 x 10 0.8355 5.049 x 10°
8 32.91 3.254 x 10 0.8608 4.491 x 10°
10 36.86 3.592 x 10 0.8437 3.958 x 10°
12 32.71 3.841x 10° 0.8385 3.479 x 10°
14 36.91 3.571 x 10° 0.8451 3.095 x 10°
16 37.31 3.085 x 10° 0.8561 2.207 x 10°

Table 8. EIS fitting parameters for the 970 “C treated sample.
Time Rs Qui n Ret

(h) (Q-cm?) (Q*.S"cm?) (Q-cm?)

0 34.26 3.582 x 10° 0.8517 9.014 x 10°
2 36.11 3.872x10° 0.8457 7.021 x 10°
4 36.45 3.673 x 10° 0.8389 5.811 x 10°
6 32.34 4.046 x 10° 0.8312 5.662 x 10°
8 35.51 4423 x10° 0.8307 4,631 x 10°
10 34.87 3.317 x 10° 0.8551 4.231 x 10°
12 34.72 3.343 x 10° 0.8607 3.577 x 10°
14 34.75 3.255 x 10 0.8661 3.293 x 10°
16 36.43 3.662 x 10° 0.8411 3.261 x 10°
18 36.99 3.271 x 10° 0.8573 1.811 x 10°

As the fitting results show, there are obvious differences in the charge transfer resistance
between the as-welded sample and the heat treated samples. It is seen that the charge transfer
resistance of the as-welded sample and the heat treated samples presents a continuous decline during
the slow strain rate test process. The charge transfer resistance of the welded samples is observed to
obviously increase after the heat treatment, thus, the corrosion resistance of the welded samples is
significantly improved by the post weld heat treatment due to the proportional relationship between the
charge transfer resistance and the corrosion resistance of the samples.

It is seen that the Nyquist plots of the electrochemical impedance spectroscopy of the as-
welded and heat treated samples present the identical feature (only one capacitance loop), which
indicates that the changes of the microstructures do not alter the electrochemical mechanism of the
stress corrosion cracking, but the corrosion resistance of the welded sample can be improved by the
post weld local rapid induction heating.

From the above, it is suggested that the post weld heat treatment affects the stress corrosion
cracking behavior and the electrochemical behaviors of the welded samples by improving the
microstructure in the fusion zone. The microstructure results show that the phase transformation o + 8
— o' — a + B occurs in the fusion zone when the alloy undergoes welding and post weld heat
treatment, in addition, the content of the B phases in the fusion zone gradually increase with the heat
treatment temperature. The slow strain rate test and electrochemical impedance spectroscopy indicate
that the mechanical property, susceptibility index of stress corrosion cracking and corrosion resistance
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of the samples are significantly improved through the post weld heat treatment, and the higher heat
treatment temperature implies the better mechanical property, lower susceptibility index of stress
corrosion cracking and higher corrosion resistance of the samples. From the results of microstructure,
slow strain rate test and electrochemical impedance spectroscopy, it is quite clear that the acicular o'
martensite phase which is caused by the welding process is susceptible and the § phase is immune to
the stress corrosion cracking, the B phase plays a role as crack arrester during the stress corrosion
cracking process. Thus, the susceptibility of the welded samples to the stress corrosion cracking can be
reduced by transforming the susceptible o’ martensite phase and increasing the content of the immune
B phase.

In summary, it can be seen that the fracture time, break strength and corrosion resistance of the
welded Ti-6Al-4V alloy during slow strain rate test are significantly enhanced by the heat treatment,
which increase with the increase of the heat treatment temperature in this study. It indicates that the
post weld heat treatment is capable to enhance the resistance of the welded Ti-6Al-4V alloy to stress
corrosion cracking effectively.

3.4 Kramers-Kronig transformation

In order to verify the validity of the experimental electrochemical impendence data, Kramers-
Kronig transformation is used in this study. Kramers-Kronig transformations of the experimental data
are exhibited in Figure 11. As can be seen, Kramers-Kronig transformations fit the experimental data
quite well over the tested frequency range.
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Figure 11. Kramers-Kronig transformation of the electrochemical impedance spectroscopy of the as-
welded and the heat treated samples with the different temperatures during the slow strain rate
test process (symbols are experimental data and solid lines are fitting data): (a) as-welded
sample [17]; (b) 910 °C treated sample; (c) 940 °C treated sample; (d) 970 C treated sample.

4. CONCLUSIONS

The stress corrosion cracking resistance of the welded Ti-6Al-4V alloy is improved by the post
weld local rapid induction heating. The effect of the heat treatment on the stress corrosion cracking
behavior and electrochemical characteristic has been discussed. The results are summarized as follows:

Q) The microstructure of the fusion zone transforms from the acicular o’ martensite phase
to the lathy o phase and the transformational B phase after the post weld local rapid induction heating.
The increase of the heat treatment temperature causes the content of the lathy a phase to decrease and
the content of the transformational B phase to increase in the fusion zone.

(2)  The mechanical properties of the welded samples are obviously improved after the heat
treatment, which increase with the heat treatment temperature of the post weld heat treatment under the
slow strain rate test. Compared with the as-welded sample, the ultimate tensile strength and breaking
elongation of the welded sample are increased by 168 % and 175 % after the post weld heat treatment
at 970 C, respectively. The susceptibility index of the stress corrosion cracking significantly decreases
after the heat treatment and the higher heat treatment temperature implies the lower susceptibility
index.

(3) The radius of the capacitance loop continuously decreases for all the samples during the
electrochemical impedance spectroscopy measurements process under the slow strain rate test. The
post weld heat treatment can effectively enhances the corrosion resistance of the welded sample, and
the corrosion resistance increases with the increase of the heat treatment temperature.
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4) The microstructure in the fusion zone plays an important role in the stress corrosion
cracking behavior of the welded Ti-6Al-4V alloy. After the heat treatment, the susceptibility of the
welded Ti-6Al-4V alloy to the stress corrosion cracking can be significantly reduced through
transforming the o’ martensite phase to the o phase and the § phase, and increasing the content of the 3
phase.
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