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Monitoring localized corrosion of Inconel 82 weld overlay
on 304L SS weld by electrochemical noise

Girija Suresh!”  Hemant Kumar®

Abstract: The manuscript presents the results from the electrochemical noise (EN) monitoring of Inconel
82 weld overlay on Type 304L stainless steel (SS) weld in 0.01M FeCls. The microstructure of the weld over-
lay obtained from optical and scanning electron microscopy (SEM) showed an austenite structure, containing
equiaxed dendrites and secondary phases at the interdendritic region. Energy dispersive spectroscopy (EDS)
attached to SEM revealed the secondary phases to be Nb rich Laves phase. The electrochemical potential noise
was monitored using a three identical electrode configuration. The acquired signals were detrended, and wavelet
analysis was employed to encode useful information from the noise transients. Visual examination of the po-
tential noise-time record contained distinct high amplitude transients typical of localized corrosion attack. The
energy distribution plots (EDP) of the potential noise derived from wavelet analysis depicted maximum rela-
tive energy on D6-D8 crystals, which represent large time scale events such as those occurring from localized
attacks. Also, repassivation events too could be divulged from the potential EDP. The micrographs of the post
electrochemical noise experimented specimens revealed the occurrence of localized attacks along the interden-
dritic region and none inside the dendritic cores. The presence of secondary phases along the interdendritic
regions was found to be detrimental in chloride medium, imparting inferior localized corrosion resistance to the

weld overlay.
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1 Introduction

Weld overlaying is a process, wherein, a compatible
filler metal is deposited on a material surface by weld-
ing to achieve some desired property that is not intrinsic
to the underlying material.!'! In the past, weld overlays
were used as a band aid type of repair to address corro-
sion problems, but with the advances in automatic weld-
ing systems, weld overlaying of components has become
a remedy to combat corrosion issues and to avoid costly
and time consuming replacement of critical components.
Ni-based superalloys have gained prominence in the re-
cent past for application as weld overlays in petrochem-
ical, oil and nuclear industry, and also in coal-fired boil-
ers and waste to energy boilers to combat chloride and
sulphide attack.>””7) Weld overlays have been compre-
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hensively employed over the globe to repair and mit-
igate stress corrosion cracking (SCC) in nuclear plant
piping and nozzle welds.>®! In pressurized water reac-
tors, low alloy steel components are joined to stainless-
steel pipes using Inconel wires as they can accommo-
date compositional and thermal expansion variations of
the dissimilar metals. Inconel 82, a Ni-Cr-Fe alloy, is
often used as filler wire to join stainless steels and Ni-
based superalloys in nuclear and petrochemical indus-
tries.>1 This filler wire is commercially employed for
gas tungsten arc welding (GTAW), gas metal arc welding
(GMAW), and submerged arc welding (SAW) of Inconel
alloys 690, 600, and 601.1""! Weld metal that are de-
posited by Inconel 82 filler wire has high creep rupture
strength at elevated temperatures, high tensile strength,
good corrosion resistance and oxidation resistance.!'%!!
Mortezaie et al.!'?! have reported that Inconel 82 exhib-
ited optimum mechanical properties and corrosion resis-
tance for the dissimilar welding between Inconel 718 and
310 SS. Studies have revealed that Inconel 82 has supe-
rior intergranular corrosion resistance in boiling 25% ni-
tric acid!'*'¥ and stress corrosion cracking resistance!'”!
than Inconel 182 and alloy 600.

304L SS is the main construction material in the back-
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end of the Indian nuclear fuel cycle.l'®!”l However, the

weld region by virtue of its heterogenous microstructure,
is highly susceptible to localized corrosion in the coastal
environment. With Inconel 82 weld overlays gaining
prominence worldwide to combat corrosion the cost ef-
fective way, it finds suitable application as a candidate
material to protect the weld region of 304L SS from lo-
calized corrosion. Although the literature is replete in
the microstructural characterization, mechanical proper-
ties and corrosion aspects of Inconel 82, much less in-
formation is reported on the localized corrosion mech-
anism of this material and their monitoring. Thus in
this manuscript, an attempt is made to overlay Inconel
82 weld on 304L SS weld by the conventional and cost
effective gas tungsten arc welding (GTAW) and to un-
derstand the localized corrosion mechanism of Inconel
82 weld overlay on 304L SS weld by using electrochem-
ical noise (EN), which is an advanced corrosion moni-
toring technique in limelight for the past few decades, in
particularly, to deduce localized corrosion. Electrochem-
ical noise!'®2?! is defined as the spontaneous and low
frequency fluctuations of corrosion potential and corro-
sion current that occurs during a corrosion process and
can be measured as potential noise and current noise re-
spectively. EN fluctuations occur because of instanta-
neous variations in the rates of anodic and cathodic re-
actions during a corrosion event. The corrosion current
noise and potential noise generated from various corro-
sion processes have distinct features, which can be con-
tinuously monitored to indicate the type of corrosion that
makes EN an attractive tool for online corrosion moni-
toring!?°2?! | The most attractive credential of this tech-
nique is that it does not require the application of an ex-
ternal potential, unlike other electrochemical techniques,
and hence measurements can be made from naturally
corroding surfaces!'®! to obtain useful information on the
type of corrosion and the rates as well. The advantage of
EN over other corrosion monitoring techniques is well
documented in the literature.['>2!) Though EN as a cor-
rosion monitoring tool is well established since a few
decades, there is no literature on its application for moni-
toring the corrosion of Inconel 82 weld overlays on 304L
SS. In this manuscript, the results from EN monitoring
of Inconel 82 weld overlay on 304L SS weld in chloride
medium are presented. Wavelet analysis of the EN signal
has been employed to decode information about the type
of corrosion attack.

2 Experimental

The chemical composition of 304L. SS base material,
308L SS filler wire and Inconel 82 filler wire used for the
fabrication of the weld pad is given in Table 1.
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Figure 1. (a) 304L SS weld pad fabricated by joining two 304L
SS plates using 308L SS filler wire (8 mm deposit) and Inconle 82
filler wire (4 mm deposit over 308L SS); (b) depicts 10 mm (wide)
x 300 mm (length) x 8 mm (height) sectioned out from the fusion
zone of the weld pad and further 10 mm (wide) x 8 mm (height)
x 8 mm (length) specimens incised from the weld fusion zone

For the fabrication of Inconel 82 weld overlay on
304L SS weld metal, two 12 mm thick 304L SS base
plates were joined by multipass gas tungsten arc weld-
ing (GTAW) process in accordance with ASME section
IX of boiler and pressure vessel code.!**! The 8 mm of
308L SS filler wire was initially deposited, above which,
4 mm of Inconel 82 filler wire was deposited, as shown in
Figure 1a. The welding parameters for the root pass weld
are current = 67 A, arc voltage = 10 V; welding speed =
32 mm/ min and that for the remaining weld passes are
current = 95 A, arc voltage = 11 V; welding Speed = 75
mm / min and the inter pass temperature : < 120 °C.

The weld pad was qualified by radiography. 1 mm
from the top surface and 3 mm from the root side of
the weld zone was machined out. Subsequently, 5 mm
on either side of the weld central line was marked and
sectioned out of the weld pad to obtain 10 mm (wide)
x 300 mm (length) x 8 mm (height) of the weld fusion
zone (Figure 1b). From this fusion zone, specimens of
dimension 10 mm wide x 8 mm length x 8 mm height
(Figure 1b) were further cut out by electrical discharge
machining (EDM) and used for EN investigation in 0.01
M FeCls. For convenience, the Inconel 82 weld over-
lay on 304L SS weld metal will be referred to as In-
conel 82 weld overlay in the forthcoming sections of the
manuscript.
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Table 1. Chemical Composition of 304L SS base, 308L SS filler wire and Inconel 82 filler wire used for the fabrication of the Inconel

82 weld overlay on 304L SS weld

Material C Mn Cr Mo Fe Nb/Ta Cu Ti Si P S Ni
304L SS 0.025 1.66 18.11 0.4 balance - - - 0.41 0.03 0.02 9
308L SS 0.022 1.71 19.62  0.041 balance - 0.084 - 0.36 0.021  0.005 9.16
Inconel 82 filler wire 0.03 2.85 20.4 - 1.1 2.5 - 0.22 0.003  0.001 72.9
2.1 Optical microscopy potential noise (E,,) can be represented as
Inconel 82 weld overlay specimen was mechanicall
y sp y E, =\/(F?+ E3) (D

ground till 1000 grit emery sheet and further polished
till diamond finish. Electrolytic etching of the polished
surface was carried out in 10% oxalic acid for 5s at6 V.
The etched surface was observed under an optical micro-
scope.

2.2 Electrochemical Noise Measurement

Three nominally identical electrodes made of Inconle
82 weld overlay were mounted in an alardite hardener
resin and ground mechanically using silicon carbide
emery sheets and polished up to a diamond mirror fin-
ish. The mounted specimens were immersed in 0.01 M
FeCls, so that an area of 0.8 cm? of the top surface of the
weld overlay was exposed. Two of such identical elec-
trodes coupled through a zero resistance ammeter served
as the working electrodes (1 and 2) and the third iden-
tical electrode was made the reference electrode. Since
the reference electrode is also identical to the working
electrode, it is referred to as the pseudo-reference elec-
trode.l'®20-2!1 The EN cell was placed inside a Fara-
day cage for minimising external noise. Potential noise
measurements were made between the coupled working
electrodes and the pseudo-reference electrode, using a
multichannel electrochemical noise system, Autolab PG-
STAT 30 (Ecochemie make, The Netherlands). Measure-
ments were made under freely corroding conditions at a
sampling interval of 0.5 s for 5 h of immersion. The
frequency domain corresponding to the sampling condi-
tions was evaluated using f,,,, = 1/2t and f,,;,, = 1/Nt,
where, t is the sampling interval and N is the total num-
ber of data points. For At=0.5 s and N = 8192, the fre-
quency domain was evaluated to be between 1 Hz (f,,,,..)
and 0.2 mHz (f,,,;,). These experimental details have
been elaborated in our earlier reports.[>*21 As the ref-
erence electrode used is identical to the coupled working
electrodes, and hence called the pseudo-reference elec-
trode, there would be two sources contributing to the
potential noise signal. If the potential noise from the
coupled working electrodes is designated as E;, and that
from the pseudo-reference electrode is E,, the measured

Since the electrodes are identical, it is assumed that
the contributions E; and Esare equivalent and hence,
the potential noise for the working electrode can be ob-
tained by a simple mathematic rearrangement of Equa-
tion (1).272l' The potential noise data obtained after
correcting the contribution from the pseudo-reference
electrode was used for the analysis.

2.3 Antialiasing

Aliasing of EN signal occurs when the digital time
record contains low frequency components that are ab-
sent in the analog signal, due to the presence of high fre-
quency components in the analog signal. An aliased EN
signal will appear in the power spectral plots as a flat-
tening of the high frequency end. To avoid aliasing, the
analog signal should not contain frequency components
greater than the Nyquist frequency and hence these fre-
quencies have to be eliminated before analog to digital
(A/D) conversion, which could be achieved by using low
pass filters.[?*30:311 Ag these filters are high-priced, fil-
tering based on digital processing has been employed by
some manufacturers of EN systems.!*"! One method that
is reported in literature®”! explains that the data sampling
is done at a fixed high frequency (f;,) and a low pass filter
is used at a fixed cut off frequency. Subsequently, the av-
erage over n points is retained, where, n = (f,/f;), and f;
denotes the desired sampling frequency. For eliminating
signal aliasing, Autolab PGSTAT 30 has a low pass filter
(with a cut off of 1 KHz) incorporated at the input stage.
The ADC module then samples the signals at the highest
sampling rate, of the order of 50 kHz, and the A/D values
obtained are averaged over the desired sampling interval
and provided in the data.

3 Data Analysis
3.1 Data treatment

The acquired EN signal contains noise amplitudes that
are superimposed on a direct current (DC) drift or trend,
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which is not useful to explain the corrosion phenomenon
and hence has to be removed. The DC trend refers to
the variation of the mean current or potential divided
by time. Assuming that the trend varies linearly over a
small time interval, a linear fit method™® 3234 was used
to remove the trend and obtain the pure noise amplitude,
which was used for analysis.

3.2 Wavelet Analysis

Statistical and spectral methods that are popularly
used to analyze EN signals are formulated for station-
ary signals (statistical properties do not change with
time), as these methods average the information across
the entire EN-time record. Wavelet transform has been
devised to study stationary and non-stationary signals
as well.?>3¢1  Ag EN signals are by and large non-
stationary, the wavelet transforms serve as a valuable tool
to obtain useful information from corrosion processes
generating the EN signals. Wavelet analysis uses tran-
sients with a finite duration known as wavelets, and these
have an average value of zero.*>°!  An advantage of
wavelet analysis is that the time domain information is
preserved and non-stationary time records can be ana-
lyzed without detrending and windowing.*!

In the present investigation, the orthogonal wavelet
transform, (OWT), was used to analyze the detrended
potential noise-time record.*®3°! In this method, as well
reported in literature,'*>*% an EN time record, x(t) = X,
(n = 1....N) is represented as a linear combination of
basis functions ®; ;, and 1),

2(t) = siepin(t) + Y djathin(t)+
k k

Z di1 i1 k() + ...+ Z di gt k(1)
k k

2)
Where, ¢;5(t) = 279/2¢ (279t — k) and @, x(t) =
279/2p((277t — k), j, k € Z where Z is a set of inte-
gers and k = 1,2 ... N/2, N is the number of data record,
j=1,2,...j and j is a small natural number that depends
onN, s, dj, ....dq  is referred to as the smooth coef-
ficient and the detailed coefficients respectively.
In wavelet analysis, the EN signal is passed through
a series of high and low pass filters to obtain detailed
and smoothed coefficients. At the commencement, the
low frequencies of the signal pass through a low pass
filter, and high frequencies pass through a high pass
filter, producing the set of smooth coefficients, S1(s
1,1, S1,2...81,n/2) and detailed coefficients, D1(d 1,
dy2...d; ny2). The set of detailed coefficients called as
crystals or partial signal is kept aside for analysis, and
the smooth coefficients (S1) is further filtered in the next

stage to produce S, and D,. A schematic representation
of a two level decomposition of the EN signal is shown
in Figure 2.

Step 1 ‘

-
Electrochemical
poite dgual X[()  [—t High pass filier
High pass filrer |

Figure 2. General scheme of the orthogonal wavelet transform

Low pass filier R

The scale range!*!*?! of each crystal is given by
(277¢,27~1t) where t represents the sampling interval.

In the present study, an eight level decomposition
was used ( j = 8), and hence this process was iterated
successively eight times to decompose the signal into
Dy, D,....D8 and S8 set of coefficients. The crystals,
D1...D8, resemble the fluctuations of the acquired EN
signal at a particular interval of frequency. The property
of the OWT is that the sum of the relative energies of
these crystals will give the energy of the EN signal.

Epg + Sg
3)
Where Eisthe energy of the EN signal containing N data

points given by
E=Y u )

Epi, Ep2, Eps, Eps, Eps, Eps, Epr, Epg and Eggare
the relative energies given by

R 1Y
E;l = I Z d_?,n and E]S = I Z sjn ®))
n=1 n=1

Where E;i and E; are the relative energies of the detailed
coefficients and smoothed coefficients respectively. As
Sg represents the trend of the signal, it is not used for
analysis. The relative energies of the crystals can be plot-
ted against the name of the crystals (D1...D8) to give
energy distribution plots (EDP), which represents the rel-
ative contribution of every crystal to the EN signal and
are useful to derive mechanistic information about the
type of processes occurring on the material surface. In
the present investigation, the decomposition of the signal
was carried out using orthogonal Daubechies wavelet of
the fourth order (db4). It is reported'*?! that among the
various families of wavelets, the Daubechies 4 or ’db4”
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is highly localized in time and is useful for EN studies.
4 Results and Discussion

4.1 Microstructural investigation

Figure 3 shows the optical micrograph of Inconel 82
weld overlay that depicts a fully austenitic microstruc-
ture containing equiaxed dendrites or subgrains. The
boundary separating the subgrains called the solidifica-
tion sub grain boundaries (SSGB) is indicated by arrows
in the micrograph. The SSGB are low angle boundaries
that result from the growth of sub grains along preferred
crystallographic direction.[**! The microstructure shows
secondary precipitates at the interdendritic regions along
the SSGB. Similar observations have been reported by
Lee et al™ These secondary phases have been re-
ported to be Nb-rich carbides (NbC), and intermetallic
Laves phase.*>*#"] The Laves phases are brittle in-
termetallic compounds that have an AB; stoichiometry.
In general, the composition of Laves phase in Nb bear-
ing Ni-based superalloys has been reported to be (Ni,
Fe, Cr),Nb, which are rich in Nb, and lean in Ni, Fe
and Cr [43, 47]. In Nb bearing Ni base superalloys, the
solidification terminates by a eutectic reaction between
the v phase and Nb-rich phases, such as NbC and the
Laves phase. The literature reports that the solidification
proceeds through the primary crystallization of austenite
phase () with the dendritic cores getting more enriched
in the alloying elements, Fe, Cr, Ni, as the solidification
proceeds, and minor elements such as Nb getting segre-
gated at the interdendritic region, where they precipitate
as Nb - rich phases towards the terminal stage of solidifi-
cation.[*>46] Microsegregation of Nb to the liquid phase
in the interdendritic region and subsequent formation of
Nb-rich phases during solidification of Ni-based superal-
loys is well documented in the literature [43, 47]. Figure
4a depicts the SEM image of Inconel 82 weld overlay
and Figure 4b is the magnified SEM image showing the
precipitates in the interdendritic region along the SSGB.
The white precipitates in the SEM image are the sec-
ondary phases. The energy dispersive x-ray spectra of
the matrix and the precipitates taken in the SEM-EDS
mode are shown in Figure 5a & 5b, and the elemental
analysis of the same is given alongside. The matrix is
enriched in Fe, Cr, and Ni, and is lean in Nb, while the
precipitate is enriched in Nb, and slightly depleted of Fe,
Cr and Ni. Hence, these white precipitates are the Laves
phases of type (Ni, Fe, Cr);Nb.

4.2 EN-time record and energy distribution
plots from wavelet analysis

The EN-time records present the spontaneous random
potential or current fluctuations acquired with respect

| Equiaxed dend

rites g
3 .
- L

“
Nkl
LN R

> A

Figure 3. Microstructure of Inconel 82 weld overlay depicting
dendritic structure with precipitates at the interdendritic region

Figure 4. (a) SEM of Inconel 82 weld overlay depicting den-
dritic structure with precipitates at the interdendritic region; (b)
magnified SEM image showing the Laves phase as white precipi-
tates, along the interdendritic region
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Element Weight?s

a) Matrix
CrK 18.45
MnE 253
FeK 10.03
NiK 67.76
MbL 123
Total 100.00
Element Weight%s
b) Precipitate

CrK 1521
MnK 396
FeK 112
NiK 65.03
NbL 1.80
Totzl 100.00

Figure 5. SEM-EDS of Inconel 82 weld overlay with the ele-
mental analysis given along side, a) matrix b) precipitate showing
Nb enrichment

to time and it is an accepted method to visually exam-
ine the fluctuations as the first step of the data analy-
sis.2%211 EN-time record can be interpreted by analyz-
ing the shape, size and distributions of potential or cur-
rent transients measured during the corrosion processes.
It is a well recognized fact that the potential noise-time
record or current noise-time record depicts discrete fea-
tures for various types of corrosion, be it uniform or
localized (pitting, crevice, intergranular corrosion, and
stress corrosion cracking (SCC)).[2!:24-26.31.48-531 Ney.-
ertheless, the EN-time records cannot be considered as
conclusive evidence of the processes, and hence the ac-
quired EN-time records should be further analyzed in the
time domain by employing statistical methods or in the
frequency domain. Alternatively, other analysis meth-
ods like shot noise, wavelet transforms, efc. [20, 21]
can be used. It is essential to remove the trend in the
EN - signals and present the noise data in simple noise
amplitudes. The trend removed electrochemical poten-
tial noise-time record during immersion of Inconel 82
in 0.01 M FeCl; is represented in Figure 6. The time
record after 1 h of immersion showed random fluctua-
tions, and after 2 h of immersion, high amplitude poten-
tial transients in the range of 20-80 mV appeared in the
time record. After 3 h and 4 h of immersion, the poten-
tial transients became more distinct, with the amplitude
increasing to 80-120 mV range. These distinct high am-
plitude noise transients are typical during the localized
attack.!?0-21:21

The EDP from wavelet analysis has been widely used
in corrosion research to monitor the processes occur-
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Figure 6. Trend removed electrochemical potential noise time
record taken after a) 1 h, b) 2 h, ¢) 3 h, d) 4 h of immersion

ring on a material surface and distinguish various types
of corrosion.[*3%337 For instance, Wang et al.’*
have reported that the EDP from potential noise mea-
surements for general and passivation process have the
maximum relative energy concentrated on D1 crystals,
while that for pitting and crack propagation show maxi-
mum energy on the D7 crystal. Also, the potential noise
EDP for intergranular corrosion showed maximum en-
ergy on D7 and D1 as well. In a study made earlier
on pitting of 304L SS in ferric chloride medium, the
EDP indicated maximum energy distribution on D6-D8
crystals.!® Smith et al.’® have used wavelet analy-
sis to distinguish between general and pitting corrosion
of ASTM A516 steel in sodium hydroxide medium with
and without chloride additions. The authors reported that
the maximum relative energy was defined on the large
time scale crystals during pitting attack. According to
literature reports,'*®3%37] the position of the maximum
relative energy of a crystal determines the predominant
process that is contributing to the EN signal and relates
to the process occurring on the material surface. For an
eight level decomposition or for j = 8, the time scale of
the crystals increases in the order D1 < D2 < D3 < D4
< D5 < D6 < D7 < D8 (as shown in Table 2). The
EDP for an eight level decomposition can be classified
into three regions. If the maximum relative energy is de-
fined on smaller time scale crystals, D1-D3, it implies
that rapid events such as metastable pitting are occurring
on the material surface. Maximum relative energy on
medium time scale crystals, D3-D6, indicates processes
such as repassivation / propagation of pits. The third re-
gion comprises large time scale D6-D8 crystal and the
energy defined on these crystals implies that slow pro-
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cesses such as diffusion or growth of pits are predomi-
nant.’3-°11 Also, the values of the energies of the crystals
or partial signal in the EDP plot indicate the domination
of that particular crystal or partial signal in the original
acquired EN-time record. Higher the value of the energy
of the crystal, greater is the contribution of the partial
signal to the acquired EN-time record.

Table 2. Scale range for j=8,t=0.5s

Crysal ) ) p3 D4 DS D6 D7 DS
name
Seale s 12 24 48 816 1632 3264 64-128
range(s)

The EDP plots for Inconel 82 in 0.01 M FeClsafter 1
h, 2 h, 3 h, and 4 h are presented in Figure 7. The EDP
after 1 h of immersion indicates maximum relative en-
ergy on crystals D6-D8, which implies that crystals, D6-
D8, dominate the originally acquired noise - time record.
These are large time scale crystals corresponding to lo-
calized events. Some relative energy is also defined on
D4 and D5 crystals, which are medium time scale crys-
tals depicting processes like repassivation events. The
observation indicates that the predominant process oc-
curring on the material surface is a localized attack and
that apart, some repassivation events pertaining to film
breakdown and repair are also prevailing. The lower val-
ues of the relative energy indicate that frequency of oc-
currence of the localized events is low. This is in agree-
ment with the potential noise time record taken after 1 h
of immersion that shows few distinct potential transients
combined with random signals.
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Figure 7. Energy distribution plots (EDP) of potential noise
from wavelet analysis for Inconel 82 weld overlay in 0.01 M FeCl3

Similarly, the EDP plots after 2 h, 3 h, and 4 h of im-
mersion also depict maximum relative energy on D6-D8,
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Figure 8. Optical micrograph of the Inconel 82 weld overlay
after, (a & b) EN experiment in 0.01 M FeCl3 showing localized
attack at the interdendritic region, at two different locations of the
specimen; (c) EN experimented specimen after mild etching in
oxalic acid confirming that the localized attack are at the interden-
dritic region. The dendrites are free of localized attack.
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with the maximum on D7 and D8 and some energy de-
fined on D4 and D5. The position of the relative energy
in the EDP after 2 h, 3 h, and 4 h specify that the pre-
vailing corrosion mechanism is a localized dissolution.
It is further observed that there is a progressive increase
in relative energy values after 2 h and 3 h of immersion,
which is an implication of an increase in the occurrence
of the localized attacks. The potential noise time record
too shows an increase in the distinct potential transients
after 2 h and 3 h of immersion. The relative energy after
4 h of immersion has again decreased indicating that the
frequency of occurrence of the attacks has decreased at
that instant, which is in agreement with the time record
that also shows a decrease in the number of distinct tran-
sients after 4 h of immersion when compared with that
after 3 h of immersion. Thus, it could be concluded that
the predominant process occurring on the material sur-
face is related to the localized attack, with some repassi-
vation processes also occurring in tandem, but to a lower
extent and the frequency of occurrence of the localized
attack is variable at different times. A good correlation
is obtained between the results from the EDP and the
potential noise time record. The optical micrograph after
the EN experiment (at two different locations of the spec-
imen) that was carried out for 5h of immersion in 0.01 M
FeCls is shown in Figure 8a & 8b. The micrograph re-
veals localized attacks at the interdendritic region along
the SSGB and no attack within the dendrites. The ap-
pearance of SSGB indicates that the specimen has un-
dergone mild etching. Nevertheless, the extent is much
less as a result of which the appearance is very feeble.
The localized attacks could be attributed to the presence
of a continuous network of Nb-rich secondary phases at
the interdendritic region, where, the passive film formed
would be weak, and chloride ions can easily adhere, pen-
etrate and cause localized break down of the film, leading
to localized dissolution in the vicinity of the secondary
phases. The micrographs show attacks only in the inter-
dendritic region along the SSGB. To confirm the same,
the experimented specimen was etched mildly with ox-
alic acid, and the optical micrograph was taken (Figure
8c). It is evident that the dendrites are free of any attack
and the attacks are confined to localized areas along the
interdendritic region. The high resistance of the matrix
to localized attack could be attributed to the passive film
stability rendered by high chromium content of the al-
loy as well as to the presence of Nb. It is reported that
Nb as a minor alloying element present in the austenite
matrix of Ni-based superalloys enhances the passive film
stability and thus resist corrosion attack. A good corre-
lation exists between the post-experimental micrographs
and the results from the potential noise time record that

indicates the mode of attack to be localized.

The potential transients observed in the EN-time
records are thus pertaining to the localized dissolution
at the interdendritic region, and hence it could be in-
ferred that the presence of Nb-rich secondary phases in
Inconel 82 weld overlay has been detrimental to the lo-
calized corrosion resistance. This result is also in good
agreement with the results from EDP plots that depict lo-
calized events as the predominant process. EDP has been
found to be useful in deducing the corrosion mechanism.

5 Conclusion

Inconel 82 weld overlay on 304L. SS weld metal fabri-
cated by multipass GTAW process revealed a full austen-
ite microstructure, containing equiaxed dendrites and
Nb-rich secondary phases along the interdendritic re-
gion. The secondary phases were identified to be the
Laves phase, [(Ni, Cr, Fe); Nb] from SEM-EDS anal-
ysis. Electrochemical potential noise monitoring of In-
conel 82 weld overlay on 304L SS weld in 0.01 M FeCl;
medium revealed distinct high amplitude potential tran-
sients, typical of localized attack. The EDP derived from
wavelet analysis of the potential noise time records in-
dicated localized attack to be the predominant process
throughout monitoring, with variable frequency of oc-
currence. Also, repassivation events could be demar-
cated from the EDP. A variation in the relative energy
value indicated that the frequency of occurrence of local-
ized attack varied at different times of immersion. The
localized attack was confirmed to be along the interden-
dritic region as a consequence of the presence of Nb-rich
secondary phases. The equiaxed dendrites were found to
be free of localized attack, which could be attributed to
the high chromium content of the alloy and the presence
of minor alloying element Nb, which is known to en-
hance the passive film stability. A good correlation was
obtained between the results of the EDP and the potential
noise time record, both of which depicted the progress of
corrosion. The EDP from EN analysis has been found to
be a useful tool to monitor the progress on localized cor-
rosion of Inconel 82 weld overlay in 0.01M FeCls. The
study indicated that the presence of Laves phase along
the SSGB decreased the localized corrosion resistance
of the weld overlay. Thus, optimizing the welding pa-
rameters or adopting advanced welding methods to re-
duce the formation of the secondary phases is beneficial
to enhance the localized corrosion resistance of the weld
overlay.
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