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Experimental

Results

Fig. 1 (a) backscattered SEM of as-deposited WAAM 316LSi, (b) inclusions size distri-
bution evaluated on 200+ inclusions (bin size 0.05 µm); (c), (d), SEM (BSE) and EDX
analysis of an inclusion for the as-deposited and heat-treated WAAM 316LSi, respectively.

EIS fitting
Many EIS equivalent circuits have been proposed to model passive film
behaviours based on the known physical structure of the surface oxides and
on the nature of the electrochemical reactions at the oxide/solution interface.
Three models were tested, namely A [1, 2], B [3] and C [1] (Figure 2) which
best corresponds to the experimental data with the minimal number of param-
eters to avoid over parametrization. Constant phase elements (CPE) were used
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instead of ideal capacitors to account for the imperfect state of the surface
and are characterized by a set of two parameters: Q in (units: Ω−1 cm−2 sn)
and n as a dimensionless exponent, with Q becoming a capacitance for n = 1.
Model A consists of a modified Randles circuit with a CPE replacing the ideal
capacitance and attempts to model a compact oxide film without a hydroxide
layer. Model B is akin to model A with the introduction of a porous hydrox-
ide layer: R1 is associated to the electrolyte resistance inside the pores, CPE1

corresponds the oxide layer, R2 estimates the charge transfer resistance of elec-
trochemical processes and CPE2 accounts for the EDL. Model C divides the
passive film into two contributions: an outer hydroxide layer combined with
the EDL (i.e., CPE1, R1), and an inner oxide layer (i.e., CPE2, R2). Mass
transport processes were not considered since their influence has been shown
to be negligible at similar temperatures [1, 4]. Furthermore, the first analysis
of the data does not show diffusion processes at low frequency. Models com-
parison by fitting the Nyquist plot of specimen AD H is shown in Figure 3 and
fit parameters with percentage errors for model A, B and C are summarized
in Table 3, Table 4 and Table 5 respectively. The fit obtained using model A,
which contains only one capacitive system, was worse than model B and C as
shown in Supplementary Figure 2. Additionally, fits had higher χ2 errors than
model B and C, confirming that the system contains more than one capaci-
tive system (i.e., compact oxide film) and requires to take the hydroxide layer
into account. A better fit was obtained with models B and C; however, model
B had some inconsistencies such as a low n2 with high errors and high errors
for Q2 and R2. Conversely, model C had low χ2 errors, comparable to those
of Model B, and the fit parameters were overall more stable with acceptable
errors (<5%).
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Fig. 2 Equivalent circuits models A, B and C used for EIS data fitting.
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Fig. 3 EIS for WAAM AD H in 3.5 wt.% NaCl solution after 1 h immersion: Nyquist plot
fit using model A, B and C.

Linear polarization resistance

Fig. 4 LPR data for as-deposited WAAM 316LSi, heat-treated WAAM 316LSI and wrought
316L stainless steel in a 3.5 wt.% NaCl test solution (after 1 h immersion, at OCP –0.159,
–0.163, –0.155, –0.166 and –0.173 V vs. Ag/AgCl, for AD H, AD V, HT H, HT V and
wrought respectively).
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Table 3 EIS fitting parameters using model A. Percentage error are indicated within
brackets

Parameters Rs

Ω cm2
R1

kΩ cm2
Q1

MΩ−1 cm−2 sn
n1 χ2

(10−4)

Wrought 16.5 (2.8) 154 (7.2) 38 (2.1) 0.92 (0.5) 44.1
AD H 16.9 (1.3) 143 (2.7) 43 (0.8) 0.93 (0.2) 6.8
AD V 16.7 (1.2) 98 (2.3) 45 (0.8) 0.92 (0.2) 6.1
HT H 19.6 (1.8) 419 (5.3) 27 (1.1) 0.92 (0.3) 12.6
HT V 19.2 (2.6) 149 (4.8) 30 (1.6) 0.91 (0.4) 25.2
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