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ranges from 190~220Hv in the welding zone, while it presents a trough trend of the microhardness
in the HAZ ranged from 160~205HYv, and it turns to a wave crest with peak of 225Hv. The obvious
soften phenomena occurs at the FZHAZ region with the minimum value of 160Hv. The
microhardness distributions along line a and b are similar, however, the variation rage of the
microhardness in line b is relatively narrow and gentle, resulted by a relatively lower weld heat
input at the root. The microhardness distribution also present a mirror symmetry distributed feature
in accordance with the distribution of each HAZ region.
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Fig. 6 Microhardness testing distributions of the weld joints.

Electrochemical Behavior. The linear polarization curves of the FCB WMs in a 3.5% NaCl
solution prepared from different WM regions are shown in Fig. 7. The LP line of WML at top WM
region presents a slight deviation, while the LP lines of WM2 and WM3 at middle and root WM
region show steady and linear. It can be seen that the electrochemical behavior of WM2 and WM3
is similar. By calculated the linear polarization resistances (LPR) from Fig. 7, it decreases gradually
from top WM region to root WM region, with the value of 2296.9 Ohm.cm?, 1712.5 Ohm.cm? and
1594.6 Ohm.cm?, respectively. According to the corrosion dynamics, the high strength low-alloy
steel with higher LPR shows good anti-corrosion property [8]. According to the result of the LP
tests, it can be concluded that there is the possibility to generate the galvanic corrosion in the WM
due to the different micro-area potential distribution.
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Fig. 7 Linear polarization curves of the FCB WMs.

The EIS responses of different FCB WMs in a 3.5% NaCl solution were done at the OCP to
further study the difference of the electrochemical behavior, the results are shown as the Nyquist,
Bode, and Bode-phase plots in Fig. 8. The Nyquist plots of each sample shows an imperfect
semicircle (Fig. 8a), represented as the capacitive arc. The imperfect semicircle diameter of WM1
was largest, which means the top WM region possesses the largest capacitive arc, as reflected the
best passivation behavior. Moreover, the imperfect semicircle diameter for the middle WM2 is
higher than that of the root WM3. This trend agrees well with the LP results. At the low frequency
range of the Bode plots (Fig. 8b), the sample with higher electrical resistance value possess stronger
corrosion resistance, the results are consistent with the analysis of the above Nyquist plots. As seen
in Fig. 8c, the Bode-phase curves of each WM shows certain constant value at the middle frequency
range. And the maximum phase angles values remained between 50° and 60°, which revealed the
formation and growth of the corrosion pits at middle frequency [14], as confirmed the similar
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capacitive response of all WMs. There were not evidences revealed the formation of a passive film
because all phase angles values remained far below to 80°, which indicates an impure or non-ideal
capacitive response [15]. In other words, the mechanism of pitting corrosion dominates before the
formation of oxide film works.
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Fig. 8 (a) N;quist, (b) Bode and (c) Bode-phase plots of each FCB WM at the OCP.

To simulate the measured impedance data, the equivalent circuit shown in Fig. 9 was used [16],
and the variations in the impedance parameters are shown in Table 3. In this equivalent model, Rs is
the solution resistance; Rpit stands for the resistance of the corrosion pits, and CPEL1 counts for the
constant phase element corresponding to the capacitance of the corrosion pits; Rct represents the
charge transfer resistance of metal to electrolyte, which can be defined as the corrosion resistance of
the sample in the electrolyte, and CPE2 counts for the constant phase element corresponding to the
metal, which can be recognized as an electrical double-layer capacitor.
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Fig. 9 Best equivalent circuit used to model the experimental EIS data.

The Rct value of each WM region also shows a same downward trend from top to root as the
LPR value. The top WMI has the highest Ret value of 449.9Q-cm?, which means that the EH36
base metal possesses stronger anti corrosion ability than the middle WM2 and the root WM3. It may
be explained by the different size of the GBF distributed in the WMs (Fig. 7). For the similar FCB
WM microstructure benefited by the one-pass welding, the difference of Rct in different WM
regions was not obvious.

Table 3. Variations in the impedance parameters of the EIS tested samples.
WM Rs(Q-cm”) CPE1-T(mf) CPE1-P Rpit(Q-cm®) CPE2-T(mf) CPE2-P Rct(Q-cm?)

1 2.23 0.0013 0.65 4.64 0.0001 0.89 449.9

2 1.56 0.0003 0.51 2.08 0.0006 0.77 4442

3 3.14 0.0005 0.32 5.26 0.0007 0.75 443.8
Conclusion

The EH36 FCB weld joint fabricated at 190 kJ/cm weld heat input present mirror symmetrical
structure. The HAZ of the EH36 FCB weld joint is consisted of four regions: CGHAZ, transition
zone, FGHAZ and ICHAZ. The CGHAZ region is narrow with the thickness variation. A soften
phenomenon occurs at the FGHAZ region. The FCB WMs are mainly consisted of acicular ferrite
and grain-boundary ferrite, which can been characterized as an integrity with slight regional
variation of microstructure and electrochemical behavior.
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