

















sample surface allow aggressivalide species to migrate intbe sample and corrode the
inside of the sample.

Figure 3- SVET derived false colour mapswbught AM invar with optical images show
samples post corrosion testing
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Potentiodynamic Scanning

Table 2 displays the mean pitting potentials for tested samples as well as their measured
density. Sample 6, the lowest density sample demonstrates the lowest pitting potential. The fact
that the value is negative is not significant as the values are quoted relative to SCE in this case.
The data shows that sample 3, the AM sample with the highest density outperformed every
other tested sample with the highest measured average pitting potential. However, this sample
also exhibited the largest variation in pitting potentials. Further to this the variation of pitting
potentials recorded indicates that the wrought samples demonstrate better repeatability than the
AM samples. The average variability recorded for the wrought samples are 7% compared to
80% for the AM samples. The larger spread of pitting potentials recorded in repeat
measurements of AM samples could be due to sample inhomogeneity with regards to the
random location of build defects. Any build defect on, or near, the surface in a sample could
result in a reduction in the uniformity of the samples passive oxide layer reducing its
effectiveness.

It is also apparent that a small decrease in the density of AM parts results in a significant
reduction in the pitting potential. This could be indicative of samples with densities below a
certain threshold being more vulnerable to pitting due to there being more build defects acting
as initiation sites for pitting on the surface of the sample. The difference between the wrought
and unpolished values justifies the reasoning behind polishing all samples and discounting
surface roughness effects as the polished wrought samples have significantly higher pitting
potentials than their unpolished wrought counterparts.

Table 2 - Average pitting potential values for AM and wrought 17-4PH samples

Average

Sample Density (%) Pitting Potential
(V) vs SCE

1 99.46 £ 0.01 0.051 £0.031

3 99.78 £ 0.01 0.332 +£0.283

4 99.56 £ 0.01 0.023 £0.017

6 93.67 £ 0.01 -0.192 +0.190
Wrought - 0.293 + 0.009

Unpolished

“}';wght . 0.176 +0.021

The polarisation curves displayed in Figure 4 convey the difference between the
samples with the highest and lowest pitting potentials, samples 3 and 6 respectively. The
regions labelled A and B represent the passive region of each sample respectively. The passive
region of sample 6 is severely diminished compared to the passive region in sample 3. A
decreased passive region has been reported previously in literature for AM parts with the
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observation being attributed to elemental segregation, retained oxides, and/or porosity [10].
Additionally, the sharp horizontal extensions from the sample 3’s passive region are indicative
of metastable pitting where pits are initiated and re-passivated quickly before they can mature
in stable pits [11]. The open circuit potential (OCP) is the potential at which the sum of the
anodic and cathodic reaction rates on the electrode surface is zero. The more negative OCP
value of sample 6 is also indicative of a system more thermodynamically susceptible to anodic
attack compared to sample 3.

Potential vs. SCE (Volts)
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Figure 4 — Anodic polarisation scans for AM samples immersed in 0.6M NaCl electrolyte.

Figure 5 displays cyclic potentiodynamic polarization loops for AM sample 3 and a
wrought sample. The nature of the hysteresis loop of a potentiodynamic scan yields information
regarding corrosion performance within the electrolyte. For example, a negative hysteresis loop
with a passivation potential well above the OCP indicates that the testing material will not
readily corrode while in service in conditions representative of the electrolyte used [12].
The cyclic potentiodynamic polarization loops in figure 5 show that the AM samples passive
oxide layer broke down at a higher potential than the wrought sample which is in agreement
with the data in Table 2. Although both scans demonstrate a positive hysteresis loop, the
wrought sample demonstrates repassivation at the area labelled Repass. (where the reverse
direction  negative  scan  intersects  the  initial  positive  anodic  scan).
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Figure 5- Cyclic potentiodynamic polarization loops for wrought and AM sample 3

The repassivation potential is ~0.28 V higher than the OCP. This large difference is the result
of disruption of the passive oxide layer at high potentials, with the large hysteresis loop
suggesting significant passive film disruption indicating that the material immersed in this
solution would be susceptible to pitting over time while in service in the same environment

[11].

Repassivation of the AM samples is not observed (the cathodic direction scan does not
intersect the initial anodic scan) and the hysteresis loop is open. The summary of this data is
that the AM sample with the highest pitting potential demonstrates a greater resistance to
pitting initially than the wrought sample. However, once pitting has begun and the passive
oxide film has been broken down the wrought sample is able to repair its passive oxide layer
and repassivate active pits whereas the AM sample cannot and active pits continue to degrade
the sample. This is further demonstrated by much higher current density in the reverse direction
of the CPP scans for the AM sample compared to wrought. The reason behind this is not clear
and further investigation is needed to understand this.
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Conclusions and Further Work

The corrosion performance of wrought and AM Invar ® was compared using SVET. The SVET
data showed that anodic regions were formed on the AM sample after immersion for 5 hours
whereas the wrought sample showed very little anodic activity. The increased mass loss
exhibited by the AM samples compared to the wrought samples demonstrates the reduced
performance of AM Invar ® in the marine environment. Further work to investigate Invar ®
could include using a micro indenter to create porosity in a wrought Invar ® sample. This
would allow for differentiating reduced corrosion resistance due to porosity or other effects
from the LPBF process.

The pitting corrosion performance of AM and wrought 17-4PH was investigated using
potentiodynamic techniques. The potentiodynamic results indicate that the pitting potential for
AM samples varies significantly with small changes in sample density. Whilst the AM sample
with the highest measured density, sample 3 demonstrated a higher pitting potential than the
wrought samples every other AM sample tested demonstrated a lower pitting potential than
their wrought counterparts. This difference was attributed to inhomogeneities in the AM
samples. Despite the increased pitting potential of sample 3 the sample was unable to
repassivate. Further work regarding 17-4PH could involve exploring various post build heat
treatments in an attempt to reduce the porosity and the non-homogeneity of the AM samples.
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