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The localized corrosion resistance of UNS N07718 alloy was investigated after solution heat treatment.
When the alloy was heat-treated at 1050 °C for 2.5 hours, it experienced an increase in average grain diam-
eter, a reduction in grain boundary area, and the dissolution of delta phases along grain boundaries. Addi-
tionally, primary metallic nitrides (MN) and metallic carbides (MC), enriched with either Ti or Nb, were
identified and exhibited a random distribution within the microstructures. Despite the solution heat treat-
ment, the composition, diameter, and abundance of MNs and MCs remained relatively consistent. The crit-
ical pitting temperature (CPT), as determined by the ASTM G48-C immersion test, revealed similar values
of 45 °C for both treated and untreated alloys. However, a decrease in maximum pit depth and corrosion
rate was observed after the solution heat treatment. The microstructural changes that occurred during the
heat treatment and their potential implications were discussed to understand the influence of the solution

heat treatment.
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1. Introduction

The precipitation-hardened nickel-based UNS N07718
alloy is widely used owing to its strength and resistance
to corrosion in aqueous environments, including oil fields,
marine, and high-temperature applications [1-3]. It is
particularly effective in marine environments where
components like fasteners, bolts, and nuts are susceptible
to localized corrosion [4,5].

The localized corrosion resistance of alloys is strongly
influenced by their microstructure. This is because localized
corrosion in alloys often initiates in metallurgically
heterogeneous regions, where the electrochemical reactivity
between different microstructures is not uniform. Factors
such as chemical composition segregation, grain orientation,
grain boundaries, precipitates, and secondary phases
contribute to this heterogeneity [6,7]. The localized
corrosion behavior of UNS NO7718 is similarly linked to
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its heterogeneous microstructures. Interestingly, the study
of localized corrosion behavior in UNS N07718 has only
recently emerged. Lee et al. suggested that the localized
corrosion of the age-hardened alloy initiates at the
interface between primary carbide phases and the
austenitic substrate due to the electrochemical energy
difference [8,9]. The carbide phases, composed of MC
(M = Ti or Nb), form during solidification at relatively
high temperatures in liquid phases. These carbide phases
are randomly distributed on the austenitic phases, with
diameters ranging from approximately 1 to 10 um [8]. By
the
researchers examined the contact potential difference
(CPD) between carbide phases and substrate phases. They
suggested that the higher CPD values of MC compared

employing a Kelvin probe force microscope,

to the substrate resulted in the initiation site of localized
corrosion in UNS NO7718 [9].

In order to maintain the desirable properties of the UNS
NO7718 alloy, it is essential to properly heat treat the
material for maintenance purposes. The heat treatment of
the alloy typically involves a two-step sequence consisting
of a solution and age-hardening heat treatment [10]. When
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the alloy is cast, it undergoes a solution heat treatment to
reduce segregation and dissolve undesirable secondary
phases, such as the delta (8) phase at grain boundaries
[11]. Following the solution heat treatment, the UNS
N07718 alloy is hardened by the precipitation of
secondary phases, such as gamma prime (y') and gamma
double prime (y") phases, within the austenitic grains [12].
A sufficient solution heat treatment is crucial, as it
significantly impacts the mechanical properties [10,13]
and localized corrosion resistance [13-15] of the alloy.
Thus, investigating the changes in localized corrosion
resistance after each stage of the solution heat treatment
and precipitation hardening treatment is vital for assessing
the alloy’s lifespan and improving its corrosion resistance.

Solution heat treatments were applied to UNS N07718
specimens of varying chemical compositions. Subsequent
evaluations assessed the mechanical properties and
resistance behaviors to sulfide stress cracking, galvanically
induced hydrogen stress cracking, stress corrosion cracking,
and hydrogen embrittlement under different age-hardening
heat treatment conditions. These investigations facilitated
a comparison between the as-hot-rolled and age-hardened
UNS NO07718 specimens. Notably, a comparative analysis
focusing on localized corrosion resistance before and after
the solution heat treatment was not conducted [13]. Rebak
et al. assessed the localized corrosion resistance of UNS
NO07718 alloys by evaluating the corrosion potential,
corrosion rate, and critical crevice temperature under
various aging heat treatments. However, their study did not
review the impact of these heat treatments on the
composition and distribution of carbides within the alloys,
nor its subsequent effect on localized corrosion resistance
at different stages of heat treatment [14]. Valle et al.
examined the impact of solution heat treatment on the
localized corrosion resistance of UNS N07718 alloy in a
chloride solution, using potentiostatic polarization. Their
conclusion indicated an improvement in localized
corrosion resistance, as the anodic current flows recorded
during polarization were higher for as-hot-rolled alloys
compared to those subjected to solution heat treatment
[15]. However, with an applied potential of 1.5 V, the
collected anodic current likely includes both transpassive
current and oxygen generation contributions. This suggests
that comparing the localized corrosion resistance of alloys
post-heat treatment may not provide a comprehensive
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understanding of the effect of treatment on their localized
corrosion resistance.

The authors also reported that the critical pitting
temperature of UNS NO07718 alloy, after the ageing heat
treatment, was determined to be 45 °C. This determination
was made through mass loss measurements during
immersion testing in a 6 wt% FeCl, solution with the
addition of 1 wt% HCI In addition, electrochemical
techniques were employed to assess the localized
corrosion resistance by comparing changes in pitting
potential values at different solution temperatures, ranging
from room temperature to 80 °C, in NaCl solutions [9].
Surprisingly, this evaluation of the alloy's localized
corrosion resistance represented the first set of
fundamental data, which was typically absent from alloy
suppliers' data sheets. This information proved valuable
for gaining insight into the localized corrosion resistance
of UNS N07718 alloy. However, it was challenging to
find information on how the localized corrosion resistance
of the as-hot-rolled UNS N07718 is affected after solution
treatment. Therefore, this study investigated the effect of
solution heat treatment on the localized corrosion
resistance of the as-hot-rolled UNS N07718 alloy. The
study examined how the solution heat treatment influences
the changes in the alloy’s microstructure. The immersion
and electrochemical tests were carried out to evaluate the
localized corrosion resistance after the heat treatment.

2. Experimental

2.1 Materials preparation and surface analysis

The material used in this study was prepared from the
UNS NO07718 alloy rod, and its composition is given in
Table 1. The sample had a diameter of 26 mm and a
length of 300 mm. The samples were divided into two
types based on heat treatment. One of the as-hot-rolled
rods remained in its original condition, while the other
rod underwent solution heat treatment at 1050 °C for
2.5 hours, followed by water quenching.

The two types of samples were cut into 5 mm-thick
specimens and then ground using SiC papers down to
3000 grit. After mirror-polishing the specimens with a
1 um diamond suspension, they were etched for 3 minutes
using Kalling’s No.2 reagent (5 g CuCl, + 100 mL HCI
+ 100 mL ethanol). The surfaces of the etched specimens
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Table 1. Chemical composition of UNS N07718

C Ni Cr

wt% 0.05 533 18.4

2.9 0.9 52 Bal.

were observed under an optical microscope. Grain size
measurements were conducted using ASTM E112-96
[16]. An image analyzer software was utilized to
determine the size of particles, and the frequency
distribution for particle size was determined. Microstructure
analyses were performed using a scanning electron
microscope (JSM-7900F, Jeol), including back-scattered
electron image (BSE), secondary electron image, and
energy dispersive spectroscopy (EDS).

The mirror-polished, as-hot-rolled UNS NO07718 was
prepared after etching for 100 seconds using Kalling’s
No.2 reagent. Scanning Kelvin Probe Force Microscopy
(SKPFM) was performed using an atomic force
microscope (XE-100, Park Systems) in electrostatic force
microscope mode. A Si cantilever with a Cr/Pt coating
(Multi 75E, Park Systems) was used. The scan area was
30 x 30 um? with a scan rate of 0.1 Hz.

2.2 Immersion test

The immersion test was conducted following ASTM
G-48 C-method [17]. The experimental solution consisted
of 6 wt% FeCl, + 1 wt% HCI, and the immersion time
was set at 72 hours. The two types of samples were cut
into 5 mm-thick specimens and ground using 100-grit SiC
paper. After grinding, the samples underwent ultrasonic
rinsing with deionized water, ethanol, and acetone for 5
minutes. The mass of the specimens was measured before
and after the immersion test. Both samples were immersed
at 35 °C, and when there was no mass loss observed, the
temperature was increased by 5 °C to proceed with the
experiment. Following each solution temperature during
the immersion test, the corrosion rate was calculated in
mpy (miles penetration per year) based on the mass loss
of'the two types of samples. A single specimen was placed
in a test container at each solution temperature. After
raising the test temperature, new specimens were employed
alongside fresh solutions. Furthermore, the immersion test
was conducted a minimum of five times for both types
of UNS NO07718. After the immersion test, the specimens
were examined using an optical microscope and a
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confocal laser microscope (VK-X1000, Keyence). The
analysis of the specimens was conducted using the
multiple-file-analyzer software, which measured the
average, maximum, and minimum depth of corrosion, as
well as the corroded areas.

2.3 Electrochemical experiments

The electrochemical measurements were conducted
using a three-electrode system. The working electrodes
were two types of UNS NO7718 alloys. The UNS NO7718
specimens were soldered to Cu wire using Sn and
subsequently impregnated in epoxy resin. The working
electrode surface was ground using 600-grit SiC paper.
The counter electrode consisted of a dense carbon rod
with a surface area of 40 cm”. The reference electrode
used was an Ag/AgCl electrode in saturated KCI (silver/
silver chloride, Ag/AgCl in saturated KCl, SSE). The area
of the exposed specimen was controlled to approximately
0.2 cm® using epoxy adhesive.

The electrolyte used was a solution containing 25 wt%
NaCl and 0.5 wt% acetic acid to effectively show the
difference in corrosion resistance under severe environemt,
maintained at 50 °C using a circulator water bath (bath
circulator, Jelo Tech). The UNS NO07718 electrode was
polarized using a potentiostat (SP-200, Biologic).
Transient electrode potential was measured for 3600
seconds before performing the potentiodynamic polarization
test. The potentiodynamic polarization test was conducted
in the potential range of —0.19 to 0.6 Vg, at a scan rate
of 0.167mV s™". In all electrochemical tests, reproducibility
was ensured by conducting the experiments at least three
times with the two types of UNS NO7718.

3. Results and Discussion

Fig. 1 shows optical microscopic images of UNS
NO07718 surfaces: (a) before and (b) after the solution heat
treatment. The microstructure of the alloy mostly
comprises an austenite (y) phase. It also contains a few
micrometer-sized, polygonal-shaped particles that are
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(a) = average grain'diameter : 26.7 um + 0.25 um (b) average grain diameter : 63.5 ym + 0.25 pm

9

© ~ 100 pm : 100 pm

Fig. 1. Optical microscopic images of (a) as-hot-rolled (b) solution heat-treated UNS N07718 alloys

Fig. 2. EDS elemental mapping images of (a) as-hot-rolled (b) solution heat-treated UNS N07718 alloys
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Fig. 3. Secondary electron images and the stoichiometry of the MCs in (a) as-hot-rolled (b) solution heat-treated UNS N07718 alloys

distributed randomly, irrespective of the heat treatment
process. Upon heat treatment of the as-hot-rolled alloy,
the average grain diameter in the austenitic structures
increased from 26.7 pum to 63.5 pm. It is suggested that
grain growth is due to the solution heat treatment at
1050 °C, which is within the preferred temperature range
of 900 to 1050°C to avoid the 6 phase and allow
recrystallization of the grains in UNS NO7718 [18-21].

Fig. 2 presents secondary electron images and energy-
dispersive spectroscopic elemental mapping images of (a)
as-hot-rolled and (b) solution heat-treated UNS NO7718
alloy. The alloy substrates primarily consist of Cr, Fe, and
Ni, while the particles distributed on the substrate are
composed of Ti, Mo, Nb and N, regardless of the solution
heat treatment. The darker and brighter grey particles
relative to the substrate, with diameters of approximately
10 um or 1 um respectively, mainly consist of Ti or Nb-
Mo. Since elements lighter than sodium (with atomic
number 11) [22] are difficult to detect through spectra
using SEM-EDS analysis, the C content in the EDS
elemental images could not be identified. Previous studies
have reported that the metallic nitrides (MN) and primary
metallic carbides (MC) formed during solidification are
complex TiN nitrides or Nb(-Mo)C carbides [23-25]. As
a result, the distributed Ti or Nb-Mo particles displayed
in Fig. 2 are considered to be MN nitrides and MC
carbides.

Fig. 3 presents secondary electron images illustrating
the stoichiometry of the MNs and MCs in (a) as-hot-rolled
and (b) solution heat-treated UNS NO7718 alloy, as
determined by SEM-EDS point analysis. The chemical
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composition of the MNs and MCs can be categorized into
Ti-rich nitrides and Nb-rich carbides, which correspond
to the larger and smaller particle diameters, respectively.
The stoichiometry of the MNs and MCs remains largely
unchanged even after heat treatment, suggesting that the
solution annealing at 1050 °C for 2.5 hours has minimal
influence on the compositional changes of the MNs and
MCs in UNS N0O7718 alloy. It has been reported that the
eutectic reaction from the liquid phase (L) to gamma phase
(y) + TIN (MN) or Nb/TiC (MC) in the UNS NO7718
alloy occurs below 1250 °C [23-25]. Therefore, it is
considered that the solution heat treatment at 1050 °C for
2.5 hours is insufficient for dissolving or changing the
chemical compositions of the MNs and MCs.

Fig. 4 illustrates the frequency distribution of particle
diameters for the (a) as-hot-rolled and (b) solution heat-
treated UNS NO7718 alloy. The particle distributions
display exponential decreases from 0 to 11 um,
irrespective of the heat treatment. Over 90% of particles
possess a diameter of less than 2 um, while approximately
1% have a diameter exceeding 10 pm. Since the relatively
large and small particle diameters are identified as Ti-
nitride and Nb-carbide, respectively, in Fig. 3, it can be
inferred that most of the particles present in the alloy are
Nb-carbides.

Table 2 presents the average corrosion rate of UNS
NO07718 alloy after a 72-hour immersion test in a 6 wt%
FeCl; + 1 wt% HCI solution. The corrosion rate is
calculated as follows [26] :

534W
D-A-T

corrosion rate, mpy (mils penetration per year) = (1)
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Fig. 4. Frequency distribution for particle size of (a) as-hot-rolled (b) solution heat-treated UNS N07718 alloys

Table 2. Corrosion rate (mils penetration per year, mpy) after the immersion in 6 wt% FeCl,; + 1 wt% HCI of as-hot-rolled and

solution heat-treated UNS N07718 alloys

Temperature (°C) 40 45 50 55
As-hot-rolled 0.00 1.82+1.68 9.24+7.20 9520+ 13.42
Solution heat-treated 0.00 0.20 +£0.08 2.85+5.78 3495+ 11.30

Fig. 5. Optical microscopic images after the immersion test of (a) as-hot-rolled (b) solution heat-treated UNS N07718 alloys at

40, 45, 50, and 55 °C for 72 h

where I is the mass loss value after the immersion (mg),
D is the density (g cm™), 4 is the surface area of the alloy
(in%), and T'is the immersion time (h). No mass loss occurs
at immersion temperatures of 35 and 40 °C, irrespective
of the heat treatment. The corrosion rate increases as the
immersion temperature increases from 45 to 55 °C, and
the rates for the as-hot-rolled condition are at least three
times higher than those for the solution-heat treated alloy,
suggesting that localized corrosion resistance is enhanced
when the as-hot-rolled alloy undergoes solution heat
treatment at 1050 °C for 2.5 hours.

CORROSION SCIENCE AND TECHNOLOGY Vol.23 No.2, 2024

Fig. 5 presents optical microscopic images taken after
immersion tests for UNS N07718 alloy in both (a) as-
hot-rolled and (b) solution-heat-treated conditions.
Regardless of the heat treatment, corrosion featuring a
circular shape at the opening mouth is observed on the
alloy surfaces when immersion temperatures exceed
45 °C. Fig. 6 depicts the cross-sectional profiles of pit
depths, as examined by a laser microscope for both (a)
as-hot-rolled and (b) solution-heat-treated alloys. The pit
morphology is similar to a pothole, displaying comparable
depth and width. The pits' diameters range from 30 to
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Fig. 6. Confocal laser scanner microscopic images after the immersion test at 45, 50, and 55 °C for 72 h (a) as-hot-rolled (b)

solution heat-treated UNS N07718 alloys

Table 3. The maximum depth (um) and number of pits per square inch of two types of UNS N07718 alloys after undergoing an

immersion test at 35, 40, 45, 50, and 55 °C for 72 hours

Temperature (°C) 35 40 45 50 55
Maximum depth (um) 0 0 37.0+3.2 449 + 6.1 539452
As-hot-rolled
Number of pits/area (in®) 0 0 1007.0 + 143.9 1035.8 £211.2 1286.1 = 380.7
Maximum depth (um) 0 0 33.1+6.7 424 +43 50.0+5.6
Solution heat-treated
Number of pits/area (in?) 0 0 863.1+143.9 1007.0 +269.1 1194.0 £422.1

40 um, and their maximum depths increase from
approximately 35 to 50 um as immersion temperatures
rise from 45 to 55 °C (Table 2). This observation indicates
that higher immersion temperatures lead to wider and
deeper pits. Furthermore, pit propagation appears to be
mitigated when the alloy undergoes solution heat
treatment.

Table 3 presents the maximum pit depths and number
of pits per square inch for two types of UNS NO07718
alloys following a 72-hour immersion test. At an
immersion temperature of 45 °C, the maximum pit depths
for as-hot-rolled and solution heat-treated UNS NO7718
alloys measure approximately 37.0 um and 33.1 pm,
respectively. As the critical pitting temperature, defined
by the ASTM G-48 C-method [17], represents the
minimum temperature needed to produce localized
corrosion at least 25 um deep on the specimen’s surface,
both types of UNS N07718 alloys share a critical pitting
temperature of 45 °C. When the solution temperature rises
from 45 to 55 °C, the maximum pit depth for as-hot-rolled
UNS NO07718 increases from 37.0 to 53.9 pum. Similarly,
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the maximum pit depth for solution heat-treated UNS
NO7718 rises from 33.1 to 50.0 um as the solution
temperature increases from 45 and 55°C. At each
immersion temperature, the as-hot-rolled UNS NO07718
alloy exhibits a greater maximum pit depth than the
solution heat-treated UNS N07718 alloy. Moreover, as
the solution temperature elevates from 45 to 55 °C, the
number of pits per square inch increases in both alloys.
The as-hot-rolled UNS N07718 alloy features a higher
number of pits per square inch than the solution heat-
treated UNS NO7718 alloy, indicating that localized
corrosion is suppressed when the alloy undergoes solution
heat treatment.

Fig. 7 displays optical microscopic images of mirror-
polished, as-hot-rolled (a) and solution-heat-treated (b)
UNS NO07718 alloys after immersion tests at 50 °C for 24
hours. Localized corrosion in the form of pothole-shaped
pits is observed near the nitrides. These nitrides have an
approximate diameter of 10 um and are likely Ti-rich,
based on Fig.s 4 and 5. The pit width in the as-hot-rolled
alloy is around 50 pum, while in the solution-heat-treated

CORROSION SCIENCE AND TECHNOLOGY Vol.23 No.2, 2024



LOCALIZED CORROSION RESISTANCE AND MICROSTRUCTURAL CHANGES IN UNS NO7718 ALLOY AFTER SOLUTION

HEAT TREATMENT

(a) 0

Ti __pitride

—

o

localized corrosion

=

e 50 um

Fig. 7. Optical microscopic images after the immersion test of (a) as-hot-rolled (b) solution heat-treated UNS N07718 alloys at

Ti nitride
localized corrosion
R - 50 ym
50°C for24 h
0.6 as—hotl—rolled I I I
|— solution heat-treated
£t —
0.4- -
w
73
> 024 -
w
0.04 -
_0.2 T T T T
10°  10® 10" 10° 10° 10*

i 1Acm?

Fig. 8. Potentiodynamic polarization curves of the UNS
N07718 electrodes in 25 wt% NaCl + 0.5 wt% acetic acid at
50 °C

alloy, it is approximately 30 pum. This suggests that
localized corrosion occurs at the interface between the
particles and the substrate. As previously reported, UNS
NO7718’s localized corrosion is more likely to initiate at
the Ti-carbide/substrate interface than the Nb-carbide/
substrate interface due to the electrochemical nobility of
Ti-carbide over Nb-carbide [9].

Fig. 8 shows potentiodynamic polarization curves for
as-hot-rolled and solution heat-treated UNS NO7718
alloys in 25 wt% NaCl and 0.5 wt% acetic acid at 50 °C.
As the curves do not exhibit an active-to-passive transition,
the alloy surfaces are in a passive state within the solution.
The corrosion potential is nearly consistent even after heat
treatment. A current that maintains passivity flows on the
alloy surfaces during anodic polarization above the
corrosion potential. The current values of 1 uA cm for
as-hot-rolled surfaces and 0.9 pA cm? for heat-treated
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surfaces at 0.3 V.. However, current spikes arise during
polarization from 0.188 to 0.440 V. and from 0.393 to
0.435 Vg for as-hot-rolled and heat-treated surfaces,
respectively. These current spikes indicate the initiation
of metastable pits on the alloy surfaces. At potential values
exceeding 0.454 or 0.465 V. for as-hot-rolled and heat-
treated surfaces, respectively, the anodic current sharply
rises and reaches 1 mA cm > At this pitting potential,
stable pits initiate or propagate on the alloy surfaces.
Given that the as-hot-rolled alloy is more susceptible to
metastable and stable pitting events than the solution heat-
treated alloy, the solution heat-treatment process enhances
the localized corrosion resistance of UNS N07718 alloy.

It is widely known that the initiation sites of localized
corrosion in alloys are associated with their heterogeneous
microstructure. In the case of UNS NO07718 alloy, the
primary MCs have been reported to be one of the initiation
sites for localized corrosion in the alloy [9]. Though there
are likely many initiation sites for localized corrosion in
UNS N07718 alloy, such as grain boundaries, precipitates,
or intermetallic phases, there has been, unfortunately,
limited information reported on the initiation behavior of
localized corrosion in these heterogeneous microstructures
of the alloy.

On one hand, grain boundaries serve as potential
localized corrosion initiation sites due to their atomic
disordered two-dimensional defects, which possess higher
surface energy than internal grains [27]. Frankel et al.
proposed that localized corrosion occurred at grain
boundaries because oxide regions along these boundaries
had a lower resistance to ionic transport, making them
the primary sites for oxide breakdown [28]. Markus et al.
suggested that local thinning and an increased rate of ionic
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transfer through grain boundaries occur due to potential
redistribution [29].

On the other hand, localized corrosion at the grain
boundaries in UNS N07718 is attributed to the presence
of the 6 phase. Groh et al. demonstrated that localized
corrosion occurred within the 6 phase (Ni,Nb) in UNS
NO07718 [30]. Fig. 9 displays the secondary electron image
and elemental mapping image of the UNS N07718 alloy
after immersion in Kalling’s No. 2 solution etchant. The
grain boundaries, characterized by a three-grain interface
and the needle-shaped bright phase, are identified. The
needle-like phase has a width of a few nanometers and a
length of approximately 3 pum at the grain boundary.
Elemental mapping reveals that the concentration of Nb is
relatively higher than that of the intergrains. Since the &
phase is reported to have a Ni;Nb composition in grain

boundaries [31], it is suggested that the enriched needle-
shaped phase could be the 6 phase formed at the grain
boundary. The number of delta phases per unit area of the
specimen (in um?) is 0.121, and the number of delta phases
corresponding to the number of carbides or nitrides is 0.163.

Fig. 10 presents optical microscopic images, topographical
images, height line profiles, contact potential difference
(CPD) images and CPD line profiles of (a) Nb carbide
and (b) Ti nitride for as-hot-rolled UNS N07718 obtained
from SKPFM. Brighter particles on the substrate and in
the grain boundaries are evident in the topographical
image of Fig. 10. The height line profile in Fig. 10(a)
displays the delta phases in the grain boundary and Nb-
Mo carbide with heights of approximately 0.04 and
0.24 pm, respectively. The height line profile in Fig. 10(b)
shows the delta phase and Ti nitride with heights of
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Fig. 10. Optical microscopic, topographical images, height line profile, contact potential difference (CPD) images and CPD line
profile of (a) Nb carbide and (b) Ti nitride with delta phases for as-hot-rolled UNS N07718 alloy
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approximately 0.06 and 0.43 um, respectively. This
variation can be attributed to the difference in hardness
between the delta phase, Nb-Mo carbides, Ti nitrides, and
the substrate [12,32,33]. The CPD values between the
cantilever tip and the Nb-Mo carbide, and between the
cantilever tip and Ti nitrides, are higher than those with
the substrate. However, the CPD values between the
cantilever tip and the delta phase are lower than that of
the substrate. The AmV/V,, values for the delta phase, Nb-
Mo carbide, and Ti nitride with respect to the substrate
are approximately -1.26, 5.25, and 19, respectively. V, is
the average value of CPD for substrate. AmV is difference
the value of CPD between the substrate and delta phase,
Nb-Mo carbide or Ti nitride. It is suggested that the delta
phase and Nb-Mo carbide or Ti nitride may act as
localized anodic and cathodic regions, respectively,
relative to the substrate.

The strength of metallic bonds is relatively lower
compared to ionic and covalent bonds, and a metallic
bond is significantly influenced by the electron work
function [34]. The work functions of Ti nitride and Nb
carbide are 4.2 - 4.5 eV and 4.85 - 4.95 eV, respectively
[35,36]. According to a previous study, the contact
potential difference increases as the electron work
function decreases [37]. Therefore, the CPD value of Ti
nitride is higher than that of Nb-Mo carbide. Fig. 10 shows
that the CPD profile of Ti nitride is higher compared to
that of Nb-Mo carbide, suggesting that Ti nitride can be
more electrochemically noble relative to Nb-Mo carbide.
The CPD values of the delta phase, as shown in Fig. 10,
are relatively consistent compared to the substrate. The
delta phase may not strongly affect the initiation site of
localized corrosion. This result implies that the substrate
near the Ti nitride, which exhibits the highest CPD values
compared to the substrate, will primarily act as the
initiation site of localized corrosion for both types of UNS
NO7718. Therefore, the delta phase may not significantly
influence the difference in localized corrosion resistance
between the two types of UNS N0O7718.

In this study, grain coarsening occurred during the
solution heat treatment, resulting in a reduced grain
boundary area and the dissolution of the 6 phases at grain
boundaries. Additionally, the solution heat treatment is
thought to decrease local compositional segregation.
Tajyar et al. found that compositional segregation was
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eliminated when the UNS NO07718 alloy underwent
solution heat treatment [38]. Tucho et al. also found that
solution annealing heat treatment reduced both micro and
macro segregation in additively manufactured UNS
NO07718 [12]. This indicates that more compositionally
homogeneous microstructures can potentially suppress
the initiation of localized corrosion in UNS N07718 alloy.
This study is the first to investigate the effect of solution
annealing heat treatment on the localized corrosion
resistance of UNS NO7718 alloy, due to grain coarsening
and compositional consistency of the MCs following the
treatment. The information obtained from the primary
heat treatments for UNS NO7718 alloy provides a
fundamental understanding of the mechanical and
corrosion-resistant changes during secondary aging heat
treatment. In the near future, the authors plan to present
the localized corrosion resistance behavior of the alloy
during the aging process.

4. Conclusion

The effects of solution heat treatment on the localized
corrosion resistance of UNS N07718 alloy were examined
using immersion tests in a 6 wt% FeCl, + 1.0 wt% HCI
solution and electrochemical experiments in a 25 wt%
NaCl + 0.5 wt% acetic acid solution. The average grain
diameter increased, and the delta phases at grain
boundaries dissolved into the matrix when the as-hot-
rolled UNS NO07718 alloy underwent solution heat
treatment at 1050 °C for 2.5 hours. The primary metallic
nitrides (MN) and carbides (MC), predominantly composed
of Ti or Nb-based materials, were randomly distributed
on the specimen surfaces. Despite the solution heat
treatment, the shape, composition, and frequency distribution
of particle diameters remained similar between the as-hot-
rolled and solution heat-treated UNS NO7718 alloy. After
the immersion test at 45 °C, localized corrosion was
observed, and the critical pitting temperature was
determined to be 45 °C for both types of UNS NO7718
alloys. Following the solution heat treatment, the
corrosion rate, maximum pit depth, and number of pits
per unit area decreased at each immersion temperature in
the acidic solution. Additionally, the pitting potential
increased slightly, while current spikes arise at more noble
potential. These microstructural changes are believed to
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contribute to a more compositionally homogeneous
microstructure, potentially reducing the onset of localized
corrosion in the UNS NO07718 alloy.
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