Post-welding high temperature aging and localized corrosion in welding

zones of A286 RSW joints

Abstract

Small-scale single and double loop electrochemical potentiokinetic reactivation (EPR and DLEPR) with
an electrochemical minicell were used to study the effect of post-welding high temperature aging
treatment (there were six different aging treatments performed at the same aging temperature of 840 °C
for six different aging times of 0.5 h, 10 h, 25 h, 50 h, 100 h and 200 h) on localized corrosion of small-
sized welding zones of A286 resistance spot welding (RSW) joints, where welding parameters were
welding time (0.36 s), welding current (6 kA) and electrode force (2300 N). Results obtained from EPR
and DLEPR and from scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS)
mapping showed that: (i) the maximum localised corrosion is reached at the aging time from which n
phase, whose precipitation gives rise to Cr-depleted zones, is observable (0.5 h for base metal (BM) and
10 h for fusion zone (FZ)); (ii) segregation that occurs in FZ causes the zones adjacent to interdendritic
regions to become Cr-depleted zones; (iii) Widmanstitten precipitation mode emergence leads to higher
levels of localized corrosion; (iv) grain growth occurs in heat affected zone (HAZ) with respect to BM
and, thus, localized corrosion is different in both zones.
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1. Introduction

A superalloy is an alloy based on iron, nickel or cobalt, which can render service at high
temperatures under certain level stress for a long time." A286 is an iron-based superalloy of
lower cost’™ and lower thermal expansion at high temperature’ than nickel or cobalt-based
superalloys. A286 superalloy has high thermal resistance, ease of fabrication, and good
mechanical properties® and is mainly intended for high temperature applications’ such as
superchargers, gas turbines, jet engines, fasteners, or afterburners,® and for applications where
superior creep resistance is additionally required, like turbine buckets and wheels.’
Nevertheless, and since A286 superalloy is, microstructurally speaking, a precipitation-
hardenable austenitic stainless steel’ with higher strength than ordinary austenitic stainless

steels,'” it is also being used in recent years in aircraft industry at ambient temperatures.'!

The strengthening mechanism of the A286 superalloy is based on the precipitation of the
ordered fcc v’ phase (Ni3(AlTi)), coherent with the austenite matrix.'">'* The precipitation
phenomena during aging treatment are complex,'’ being the y> phase unstable when held at
sufficiently high temperature during sufficient time, which leads to its dissolution to form the

14,16-18

hcp n phase (Nis3Ti), which is not coherent with the austenite matrix, either by cellular

mode or Widmanstitten mode, with the latter mode predominating over the former at higher

aging temperatures. 1821

In fusion welding processes, and after post-welding high temperature aging treatment, 1 phase
precipitation pattern in the as-cast dendritic microstructure of the fusion zone (FZ)
(Widmanstdtten n phase at interdendritic region, while no cellular n phase is observed) is
different from the precipitation pattern in the equiaxed-grain microstructure of the base metal

(BM) (Widmanstétten n phase into the grain and cellular n phase at grain boundary).

Weldability of A286 superalloy is impaired by its high tendency to solidification cracking in the
fusion zone.”* Hot cracking takes place during the final stages of solidification due to the
incapacity of the quasi-solidified weld metal to withstand shrinkage stresses,”* and it is caused
by the segregation of Ti and other solutes towards the last-to-solidify interdendritic regions that
fosters the formation of a low melting point y/Laves eutectic.”*' Discarding the use of brazing

3233 the procedure followed in welding of superalloys is to utilise a weaker, more

processes,
ductile austenitic filler metal than the base metal to reduce weld cracking but, when the
maximum joint strength is demanded, filler metal of base metal composition is used.** Hence,
resistance spot welding (RSW), which is an autogenous fusion welding process (i.e., no filler

), characterized by its cost/performance trade-off,” which is a key factor in

metal is used
challenging industrial environments,*® and by the possibility of applying it on a large variety of

base metals,*® can be a promising technique for welding A286 superalloy. **



Considering the effects of the heat generated in the RSW process according to the Joule’s

Jaw, 042

as is the case in other fusion welding processes,* three zones can be differentiated in

the welded joint:*

(1) weld nugget or FZ, which is which is melted and then resolidified; (ii)
heat affected zone (HAZ), which is not melted but experiences microstructural modifications;
and (iii) base metal (BM), which does not undergo any metallurgical changes. Therefore, it is
necessary to study, separately in each of the three welding zones (e.g., in FZ occurs segregation
during solidification, or in HAZ the welding heat input gives rise to microstructural changes),
the response, in terms of localized corrosion, of the microstructure to post-welding high

temperature aging treatment.

Electrochemical potentiokinetic reactivation (EPR) and double loop electrochemical
potentiokinetic reactivation (DLEPR) are, due to their accuracy, speed, sensitivity, extensively

employed to assess the localized corrosion in austenitic stainless steel.*>

Given that (i) the maximum FZ size is restricted by the face diameter of the electrodes and by
the thickness of the welded parts, and (ii) HAZ is very narrow*’ because RSW is a low heat

50,51

input welding process’™' and because A286 superalloy has a low thermal conductivity,”

comparable to that of AISI 304 austenitic stainless steel,**>°

conventional large-scale EPR and
DLEPR tests, which are associated with too wide study areas, can be unsuitable for obtaining
results from each of the aforementioned three small-sized welding zones in such a way that

these results may be independent of those obtained from the other two welding zones.

The vast majority of microelectrochemical techniques used for assessing localized corrosion on

small areas®®

employ microcapillary-based droplet cells that have the advantage of the small
size that can be studied.®"* These capillary microcells have some disadvantages® and in some
cases it is not required to employ areas as small as those given by microcapillaries.®® Therefore,
an ad hoc small-scale electrochemical cell known as “minicell”, different to the capillary-based
microcell and which has been successfully used in the study of welded joints of austenitic

65-68

stainless steels, can be applied to A286 superalloy RSW joints.

Given the scarce literature on the topic,’ the present work aims to provide novel and significant
insights on the combined effect of welding process and aging treatment on the localized
corrosion of superalloy A286, for which a small-scale electrochemical cell was employed to
study the effect of post-welding high temperature aging treatment on localized corrosion of the

small-sized welding zones of A286 superalloy RSW joints.



2. Materials and Experimental Procedure

2.1. Materials

The A286 superalloy RSW joints were obtained from sheets of 1 mm thickness, whose chemical

composition is shown in Table 1.

Table 1. Chemical composition of the A286 superalloy sheets used to obtain the RSW joints (wt %).

C Cr Ni Ti Mo Mn Si P S v Al B Fe

0.032 15 247 230 1.18 124 0.50 0.011 <0.0003 0.29 0.16 0.0046 Bal.

2.2. Experimental Procedure

2.2.1. Sample preparation for EPR and DLEPR tests

The A286 superalloy sheets were welded by using a single phase alternating current (AC) 50 Hz
equipment and with water-cooled truncated cone RWMA Group A Class 2 electrodes® of Smm

face diameter. The values of the RSW parameters are given in Table 2.

The samples were welded in the solution treated condition™**-**7

and then subjected to six
different post-welding high temperature aging treatments (at the same aging temperature of 840
°C for six different aging times) (Table 2). The solution treatment was conducted according the
conditions shown in Table 2 in order to remove the effects of previous mechanical”' or thermal
(in A286 superalloy, the solvus temperatures of y’ and n phases are, respectively, 855 °C and

915 °C)™ treatment.



Table 2. There were seven different samples, one for each treatment condition. Sample No. 0 was
subjected to no aging treatment, i.e. it was in the solution treated condition. Samples Nos. 1 to 6 were
welded in the solution treated condition and then subjected to six different post-welding high temperature
aging treatments. Each of different aging treatments was followed by air cooling. The parameters
considered in RSW process were welding time (WT), welding current (WC) and electrode force (EF).

Solution treated condition Aging treatment
Ti RSW process Ti Sample No.
o ime o ime
Temperature (°C) (h) Temperature (°C) (h)
N/A N/A 0
0.5 1
10 2
WT=0.36s

927 0.25 WC =6kA 25 3

EF =2300 N 840
50 4
100 5
200 6

2.2.2. Microscopy

Scanning electron microscopy (SEM) and optical microscopy SEM were conducted on the
samples after these were subjected to mechanical polishing and electrolytic etching with etchant
No. 83 according to ASTM E407-07el (at 6 V for 60 s in a solution of 10 g CrO; in 100 ml

water). "

2.2.3. Small-scale EPR and DLEPR tests
2.2.3.1. Minicell set-up

The minicell (Fig. 1) was made of polymethyl methacrylate (PMMA). It had two parts: the lid
and the body. The electrolyte flowed in the minicell through the upper inlet (5 mm diameter)
and left through the lower outlet (1 mm diameter). Hence, the reduction in section gave rise to a
suction effect that allowed a continuous flow of fresh electrolyte over the working electrode
area, and the phenomenon of possible bubbling was then reduced. The platinum counter
electrode (0.2 mm wire) was placed between the working and the reference electrode. The same
reference electrode as for large-scale experiments was employed (Saturated Calomel Electrode

(SCE)), and was positioned at a distance (ca. 9 mm) from the working electrode.*>%*
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Fig. 1. Schematic of the minicell.

The exposed working area studied in each of the small-scale EPR and DLEPR tests is the
minicell tip area and had a value of approximately 0.0078 cm” (ca. 1| mm in diameter). The
sample was clamped on a micrometer table,”® which allowed the sample to be properly
positioned with respect to the tip of the minicell, so that the tip was placed exactly on top of

each of the three small-sized welding zones (FZ, HAZ and BM).

2.2.3.2. Small-scale EPR test procedure

EPR test was conducted following ASTM Standard G-108™ but, given that the results were
found to be dependent on the degree of mechanical surface preparation,” an electrochemical
conditioning, which allows a degree of surface preparation (No. 600 emery paper) less severe
than that set by the aforementioned standard, was applied.> The electrolyte composition was 0.5
M H>SO4 + 0.01 M KSCN and the test temperature is 30 °C + 1. The experimental procedure of
the test was the following: (i) after mechanical polishing, an electrochemical conditioning,
consisting of a holding time of 5 min at open circuit (OC) potential, deaerated, an anodic attack
at -220 mV(SCE) for 2 min, a holding time of 2 min at VOC, a cathodic cleaning at -600
mV(SCE) for 1 min and a holding time of 5 min at VOC, was conducted with the aim of

obtaining a uniform starting state, independent of the previous mechanical polishing, for all the



tests; (ii) passivation was performed by applying 200 mV(SCE) for 2 min; (iii) the reactivation
scan starts at 200 mV until 200 mV below the VOC at a rate of 100 mV/min.

Three small-scale EPR tests were conducted, by using the minicell, on each of the seven
samples Nos. 0 to 6 (one small-scale EPR test on each of the three welding zones, i.e., FZ, HAZ
and BM).

The EPR test parameter Q; (reactivation charge) (C/cm?) was used to assess the localized

corrosion.”®”’

2.2.3.3. Small-scale DLEPR test procedure

DLEPR test was carried out according to test conditions proposed elsewhere.™*® The surface
preparation was finished with a 1 um diamond polishing. The electrolyte composition was 0.5
M H,SO4 + 0.01 M KSCN and the test temperature was 30 °C £ 1. The test consisted of three
steps: (1) a holding time of 5 min at VOC; (ii) an anodic polarization scan from 50 mV below
VOC to 300 mV(SCE) at a scan rate of 100 mV/min; (iii) a cathodic reactivation scan from 300
mV(SCE) until 50 mV below the VOC at the same scan rate.

Three small-scale DLEPR tests were conducted, by using the minicell, on each of the seven
samples Nos. 0 to 6 (one small-scale DLEPR test on each of the three welding zones, i.e., FZ,

HAZ and BM).

The ratio between charges in the reactivation scan Q; and in the activation scan Qa, Q:/Qa (%),

was used to evaluate the localized corrosion.”®®

3. Results and Discussion

The results obtained from the small-scale EPR and DLEPR curves (Figs. 2-7) are studied in
terms of Q; and Q/Q. parameters (Figs. 8 and 9), such that the higher the Q; and Q./Q.

parameters, the greater the localized corrosion.
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Fig. 2. Small-scale EPR curves obtained in sample No. 1 from each of the three small-sized welding
zones: FZ (Q, = 1.8058 C/cm?), HAZ (Q, = 2.4666 C/cm?) and BM (Q, = 4.0373 C/cm?).
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Fig. 3. Small-scale EPR curves obtained in sample No. 4 from each of the three small-sized welding
zones: FZ (Q, = 2.9469 C/cm?), HAZ (Q, = 2.6082 C/cm?) and BM (Q, = 3.2176 C/cm?).
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Fig. 4. Small-scale EPR curves obtained in sample No. 6 from each of the three small-sized welding
zones: FZ (Q, = 3.7226 C/cm?), HAZ (Q, = 3.3566 C/cm?) and BM (Q, = 2.9687 C/cm?).
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Fig. 5. Small-scale DLEPR curves obtained in sample No. 1 from each of the three small-sized welding
zones: FZ (Q/Q, = 43.8427 %), HAZ (Q/Q. = 61.7283 %) and BM (Q/Q. = 64.9005 %).
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Fig. 6. Small-scale DLEPR curves obtained in sample No. 4 from each of the three small-sized welding
zones: FZ (Q:/Q. = 38.0888 %), HAZ (Q/Q. = 40.8922 %) and BM (Q,/Q. = 59.5448 %).
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Fig. 7. Small-scale DLEPR curves obtained in sample No. 6 from each of the three small-sized welding
zones: FZ (Q/Q. = 46.3184 %), HAZ (Q./Q. = 45.2645 %) and BM (Q/Q. = 44.5569 %).
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Fig. 8. Reactivation charge, Q; (C/cm?), obtained from small-scale EPR test performed on each of the
three small-sized welding zones (FZ, HAZ and BM) of the seven samples Nos. 0 to 6.
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Fig. 9. Ratio between charges in the reactivation scan Q; and in the activation scan Q,, Q/Q. (%),
obtained from small-scale DLEPR test performed on each of the three small-sized welding zones (FZ,
HAZ and BM) of the seven samples Nos. 0 to 6.

As can be seen (Figs. 8 and 9), small-scale EPR test results are in agreement with those of
small-scale DLEPR test, although EPR test is slightly more sensitive than DLEPR to the
different corrosion behavior of the different welding zones, which is consistent with the fact that

the sensitivity of EPR is higher than that of DLEPR at lower intensities of corrosion attack.'’
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According to Cihal and Stefec,”” y' precipitate distributed throughout the matrix may give rise to
discontinuities in the passive layer; for this reason, and before the n phase is observable, the
localised corrosion increases as the aging time increases, i.e. as Y’ precipitates grow (y’ phase is

precipitated early in aging and subsequent aging is essentially a coarsening process)."

As shown by the EPR and DLEPR test results (Figs. 8 and 9), the aging time at which the
maximum localised corrosion is reached is 0.5 h for BM and 10 h for FZ. The SEM analysis
shows that, for both BM and FZ, the maximum localised corrosion is reached at the aging time
from which the 1 phase is clearly observable: (i) for BM, as can be seen in Figures 10 and 11,
cellular n phase is observable from an aging time of 0.5 h (at grain boundary), and
Widmanstitten n phase from an aging time of 10 h (into the grain); (ii) for FZ, as can be seen in
Figures 12 and 13, Widmanstitten n phase is observable from an aging time of 10 h (at
interdendritic region), whereas the cellular n phase is not observable for any aging time.”
Additionally, the isolated effect of y' phase on localized corrosion can be studied by observing it
before the emergence of n phase: as can be seen (Figs. 8 and 9), localized corrosion increases
with aging time both in BM (until the aging time reaches 0.5 h) and in FZ (until the aging time
reaches 10 h); this result is coherent with those obtained in previous works where it is
demonstrated that localized corrosion increases as y' precipitates grow, i.e., as aging time

increases.>!’
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2pm EHT = 10.00 kV Signal A = SE2 Varcumm Mode = High Vacs
! ! WD = 2.9 mm Wog= AKX Serial No. = GeminiSEM 560-8119010142

200 nm EHT = 10.00 kv Signal A = SE2 Vacumm Mode = High Ve
w Wo'= 20 mm Mag= 4000KX Serial No. = GeminiSEM 5608219010142

Fig. 10. SEM micrograph of BM of sample No. 1. (A) Location of the studied zone, where it can be seen
that cellular n (n.) phase precipitates at grain boundary. (B) Cellular n (n¢) and y’ phases are shown.
Electrolytic etching with etchant No. 83 according to ASTM E407-07¢1.7
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4 um EHT = 10.00 kV Signal A = SEZ Varcursn Mode = High Vit
w ! ! WD = 3.3 mm Mog= 2RKX Serial No. = GeminiSEM 560-8119010142

400 nm EHT = 10.00 kv Signal A = SE2 Vacumm Mode = High Ve
w WD = 2.3 mm g RKX Seriai No. = GeminiSEM 5608219010142

Fig. 11. SEM micrograph of BM of sample No. 2. (A) Location of the studied zone, where it can be seen
that cellular n (r.) phase precipitates at grain boundary and Widmanstitten 1 (nw) phase into the grain.
(B) Cellular 1 (n¢) and y’ phases are shown. As can be seen, there are y'-free zones adjacent to 1 phase.
Electrolytic etching with etchant No. 83 according to ASTM E407-07¢1.7
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2pm EHT = 10.00 kV Signal A = SE2 Varcumm Mode = High Vacs
w ! ! WD = 2.9 mm Mog= AKX Serial No. = GeminiSEM S60-8119010142

200 nm EHT = 10.00 kv Signal A = SE2 Vacumm Mode = High Ve
w WD = 2.0 mm g HRKX Serial No. = GeminiSEM 5608219010142

Fig. 12. SEM micrograph of FZ of sample No. 1. (A) Location of the studied zone, where it can be
observed the as-cast dendritic microstructure of FZ. (B) As can be seen, y' phase precipitates
preferentially at the interdendritic region (IDR) rather than in the dendrite core (DC), due to the
segregation of Ti towards the last-to-solidify interdendritic regions.”’ The presence of this y' phase is
higher than in BM of the same sample (Fig. 10 (B)). Electrolytic etching with etchant No. 83 according to
ASTM E407-07¢1.7

15



w ! ! WD = 3.6 mm Mag= 200KX Serial No. = GeminiSEM 560-8219010142

400 nm EHT = 10.00 kv Signal A = SE2 Vacumm Mode = High Ve
w WO 3.6 mm Mag= 2000KX Serial No. = GeminiSEM 560-8219010142

Fig. 13. SEM micrograph of FZ of sample No. 2. (A) Location of the studied zone, at the interdendritic
region. (B) As can be observed, Widmanstétten 1 (1) phase precipitates only at the interdendritic region.
Electrolytic etching with etchant No. 83 according to ASTM E407-07¢1.7

The n phase precipitation increases the localised corrosion.'” Since chromium is responsible for
the corrosion resistance because it leads to the formation, on the steel surface, of a protective

780 it is interesting to study the effect of n phase precipitation

layer based on chromium oxide,
on chromium distribution throughout the microstructure. To this purpose, EDS mapping has
been conducted. As can be observed, both in BM (Fig. 14) and in FZ (Fig. 15), the n phase

precipitation gives rise to Cr-depleted zones that are more susceptible to localized corrosion.
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Fig. 14. EDS mapping, for the selected elements, performed on BM of sample No. 2. As expected, n
phase is a Ni- and Ti-rich phase. On the other hand, the 1 phase precipitation gives rise to Cr-depleted
zones that are more susceptible to localized corrosion. Electrolytic etching with etchant No. 83 according
to ASTM E407-07¢1.7
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Fig. 15. EDS mapping, for the selected elements, performed on FZ of sample No. 2. As expected, n phase
is a Ni- and Ti-rich phase. On the other hand, the n phase precipitation gives rise to Cr-depleted zones
that are more susceptible to localized corrosion. Electrolytic etching with etchant No. 83 according to
ASTM E407-07¢1.7

Sum
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The effect of n phase on the localised corrosion is complex because, as it has been seen, the n
phase precipitation promotes, on the one hand and in a direct manner, the localised corrosion,
whereas, on the other hand and in an indirect manner, improves the localized corrosion

resistance because it grows at the expense of y' phase'””

and, thus, there are y'-free zones
adjacent to n phase (Fig. 11(B)). As the presence of the Widmanstétten 1 phase increases with
aging time,'®" the presence of y' phase decreases, so that for an aging time of 50 h no y’ phase
is observed in FZ (Fig. 16) although it is observed in BM (Fig. 17), where y' phase persists even

for longer aging times.”

EHT = 10,00 kV Signal A = SE2 Vacuruon Mode = High Ve
! WD = 2.1 mm Mog= 2RKX Serial No. = GeminiSEM 560-8119010142

400 nm EHT = 10.00 kv Signal A = SE2 Vacumm Mode = High Ve
w Wo'= 3.7mm Mag= 2000KX Serlal No. = GeminiSEM 5608219010142

Fig. 16. SEM micrograph of FZ of sample No. 4. (A) Location of the studied zone, at the interdendritic
region. (B) As can be observed, Widmanstétten 1 (1) phase precipitates only at the interdendritic region
and no y' phase is observed. Electrolytic etching with etchant No. 83 according to ASTM E407-07¢1.”
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4 um EHT = 10.00 kV Signal A = SEZ Varcursn Mode = High Vit
w ! ! WD = 3.0 mm Wog= 2RKX Serial No. = GeminiSEM 560-8119010142

400 nm EHT = 10.00 kv Signal A = SE2 Vacumm Mode = High Ve
w Wo'= 3.0mm Mag= 2000KX Serial No. = GeminiSEM 5608219010142

Fig. 17. SEM micrograph of BM of sample No. 4. (A) Location of the studied zone, where it can be seen
that cellular n (r.) phase precipitates at grain boundary and Widmanstitten 1 (nw) phase into the grain.
(B) Cellular n (1), Widmanstitten n (nw) and y' phases are shown. Electrolytic etching with etchant No.
83 according to ASTM E407-07¢17

Regarding the segregation that takes place during the solidification process in FZ,3¥* although
it is well known that the segregation of Ti towards the interdendritic regions has a great

223 the effect of this segregation that occurs in FZ on the

influence on the mechanical properties,
Cr distribution and, thus, on the localized corrosion, is not as well known. The segregation
phenomenon associated with the solidification process occurs only in FZ and not in HAZ or in
BM, and may be studied by means of EDS mapping technique;* thus, as can be seen, in FZ, the
zones adjacent to interdendritic regions are Cr-depleted zones (Fig. 18),>* whereas, in BM, Cr
is homogeneously distributed (Fig. 19). This fact causes, in general and except when 1 phase
becomes observable in BM or when y’ phase is no longer observed in FZ, localized corrosion is

higher in FZ than in BM (Fig. 8). On the other hand, the segregation of Ti towards the
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interdendritic regions associated with the solidification process (Fig. 18), causes y' phase to
precipitate preferentially at interdendritic regions in FZ (Figs. 12 and 13) whereas in BM (where
there is no segregation of Ti towards the interdendritic regions associated with the solidification
process (Fig. 19)), the y' phase is distributed homogeneously into the grain (Figs. 10, 11 and

17),> which promotes interdendritic corrosion in FZ and transgranular corrosion in BM.

Electron image

Mi Lal,2 Crlal2

Ti Kal Si Kal Mo Lal

Spm S Sum

Fig. 18. EDS mapping, for the selected elements, performed on FZ of sample No. 0. The zones adjacent
to the interdendritic regions are Cr-depleted zones, and the strong segregation of Ti towards interdendritic
regions is also observed. Electrolytic etching with etchant No. 83 according to ASTM E407-07e1.7

Electron image Mi Lal,2 Cr Lax1,2
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Fig. 19. EDS mapping, for the selected elements, performed on BM of sample No. 0. As can be seen, Cr
is homogeneously distributed. Electrolytic etching with etchant No. 83 according to ASTM E407-07¢1.7
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Regarding the effect of aging temperature, the results show (Fig. 9), in general, for post-welding
treatments at high aging temperatures (840 °C), higher levels of localized corrosion than those
obtained elsewhere,” with post-welding treatments at lower aging temperatures (720 °C). This
phenomenon is due to the fact that, while at lower aging temperatures 1 phase precipitates only
by cellular mode (at the grain boundary in BM, and at the interdendritic regions in FZ), at high
aging temperatures 1 phase precipitates by two different modes: cellular (only in BM and at
grain boundary because, in FZ, Widmanstitten n phase inhibits the formation of cellular n
phase)™ and Widmanstitten (into the grain in BM, and at the interdendritic regions in FZ, due to
the segregation of Ti towards the last-to-solidify interdendritic regions).”’ This result entails
that, at high aging temperatures, Widmanstitten n phase gives rise to an increase in localized
corrosion both in BM (where it leads to transgranular corrosion, which is added to the
intergranular corrosion associated with cellular  phase) and in FZ (where interdendritic

corrosion is more intense because Widmanstétten 1 phase precipitates more abundantly at high

aging temperatures than cellular ) phase at lower aging temperatures).’

3031 the electrochemical

Notwithstanding the low thermal input associated with RSW process,
minicell is capable of discriminating, in terms of corrosion behavior, between HAZ and BM.
This different response to localized corrosion offered by BM and HAZ, it can be explained by
the grain growth that, due to the increase in temperature,* takes place in HAZ with respect to

BM (Fig. 20),
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5000 pm,

Fig. 20. (A) Optical micrograph of HAZ of sample No. 0. (B) Optical micrograph of BM of sample No. 0.
Electrolytic etching with etchant No. 83 according to ASTM E407-07¢1.7

For short aging times, cellular n phase, which precipitates at grain boundary, predominates over
Widmanstétten n phase and hence BM, with smaller grain size, is more affected by localized
(intergranular) corrosion than HAZ (Fig. 21). On the contrary, for longer aging times
Widmanstitten 1 phase, which precipitates into the grain, predominates over cellular n phase so
that localized corrosion becomes mainly transgranular, with a greater effect on HAZ, with larger

grain size, than on BM (Fig. 22).



50.00 pm

Fig. 21. (A) Optical micrograph of HAZ of sample No. 1. (B) Optical micrograph of BM of sample No. 1.
Electrolytic etching with etchant No. 83 according to ASTM E407-07e1.7



50.00 pm

Fig. 22. (A) Optical micrograph of HAZ of sample No. 6. (B) Optical micrograph of BM of sample No. 6.
Electrolytic etching with etchant No. 83 according to ASTM E407-07¢1.7

4. Conclusions
From this work, the following conclusions can be drawn:

e For both BM and FZ, the maximum localised corrosion is reached at the aging time
from which the 1 phase is clearly observable (0.5 h for BM and 10 h for FZ).

e Both in BM and in FZ, the 1 phase precipitation gives rise to Cr-depleted zones that are
more susceptible to localized corrosion.

o The segregation that takes place during the solidification process in FZ causes the zones
adjacent to interdendritic regions to become Cr-depleted zones. This fact, in general,

gives rise to a higher level of localized corrosion in FZ than in BM.
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e Widmanstitten precipitation mode emergence leads to higher levels of localized
corrosion.
e The different response to localized corrosion offered by BM and HAZ, can be explained

by the grain growth that takes place in HAZ with respect to BM.
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