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Abstract
In this study, the effect of the surface state on the behaviour of Inconel 718 alloy 
exposed to 640 ◦ C and 700 ◦ C environments for times varying between one and 
one hundred hours was investigated. In particular, the focus was set on the evolution 
of oxidation and precipitation phenomena during thermal exposure. Three surface 
states were considered: two generated through shot peening treatments featuring dif-
ferent coverage levels, while the third condition is a non-peened one. Shot peen-
ing treatments modify the surface condition and introduce higher residual stresses 
and microhardness values than in the non-treated condition. The morphology of the 
oxides appears to be different depending on the condition observed. Regarding the 
kinetics, over time the oxidation process follows a parabolic trend and appears to be 
influenced by the surface state; in particular, severe shot peening treatment is char-
acterized by the highest intensity of the phenomenon. However, the order of mag-
nitude of the weight gains measured suggests that the observed variations can be 
neglected, and that the positive effect of shot peening can be exploited without intro-
ducing oxidation problems. From the point of view of the microstructural evolution, 
an increase in the coarsening kinetics of � ” phase was observed in the shot peened 
layer.
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Introduction

The request for high energy production in recent years has led to the need of an 
increase in the performance of the machines that are involved in the power gen-
eration processes. This improvement in the technology has been achieved often 
reaching higher cycle temperatures, setting a new target for the components that 
are stressed in this condition. In this scenario, nickel alloys are widely used in the 
energy production industry because of their unique combination of good mechanical 
properties and high temperature resistance. Multiple studies have been performed to 
design the correct alloy in relation to the application required, taking into account 
the particular operating conditions and the properties called for. Inconel 718, in par-
ticular, is a widely used grade for multiple applications, such as turbine discs, blades 
and combustion chambers, as it features good mechanical properties both at high and 
cryogenic temperatures, as well as oxidation resistance [1–5]. Inconel 718 micro-
structure is characterized by a � matrix mainly composed of nickel, chromium and 
iron. Inside this matrix, the main strengthening phases for the alloy � �(Ni3(Al;Ti)) 
and in particular � ��(Ni3Nb) are precipitated. The stability of these phases for tem-
peratures up to 650 ◦ C is the reason why this alloy is used in this range of tempera-
tures. For higher-temperature values indeed, � ′′ starts overageing and transforming 
in the � phase, featuring the same composition but an orthorhombic morphology. 
The presence of such a phase does not increase the mechanical properties of the 
alloy because of its different morphology, but instead has a harmful effect since it 
leads to a loss of hardenability because its generation occurs with a depletion of 
�
′′ , and moreover, increases in hot cracking problems have been observed. How-

ever, studies have discovered that its presence can have positive effects too, since 
it was reported that it can control the grain size and block grain boundary sliding; 
if the morphology and quantity are correct, the � phase is capable of enhancing the 
resistance to grain boundary creep fracture and to limit grain growth during solu-
tion treatments [6]. Another phase which can be present in Inconel 718 is a hexago-
nally close packed phase called Laves phase (Ni;Cr;Fe)2(Nb;Mo;Ti) , which is a brit-
tle intermetallic compound typically formed due to segregation in the interdendritic 
zones that occurs during welding processes where the concentrations of these ele-
ments are increased by segregation [7]. In addition, the presence of carbides controls 
the alloy’s resistance, since their fine precipitation in the matrix influences the final 
hardness, while their presence in the correct shape and quantity at the grain bounda-
ries is linked to creep properties as it controls grain size [8]. It should be noticed that 
both niobium and titanium carbides are usually present [9], and their origins can be 
multiple: some primary ones are created through heat treatments, while other ones 
are produced during thermal exposure. Carbides present in the microstructure can 
have various compositions (in particular M23C6 and MC).

As components used in energy systems are often subjected to time-varying 
stresses, fatigue tasks are introduced for manufacturers: surface treatments such as 
shot peening can be implemented on various materials, which, by introducing com-
pressive residual stresses into the surface layer of the material [10], can enhance 
the components’ wear and fatigue behaviour [11–13]. Indeed, multiple studies have 
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shown that fatigue life can be increased for Inconel 718 by applying surface enhanc-
ing treatments, even taking into account the lessening of the stresses due to the ther-
mal exposure [14–16]. Moreover, another damaging phenomenon that occurs in 
high-temperature environments is oxidation, which consists of the progressive gen-
eration of oxide scales on the external surface of the material [17, 18]; this situation 
can be harmful because depending on the amount, the morphology and in particular 
the adherence of such oxide scales, it can lead to damage and failure of the compo-
nents [19], as some sites prone to crack initiation can be introduced on the surface.

However, roughness and other surface features such as the microstructure in the 
surface layer are generally modified by these treatments. As it was found out for 
multiple alloys, oxidation is closely related to the surface conditions of the mate-
rial [20–24], so every variation introduced influences the development of this phe-
nomenon, which in some cases can be dangerous for the strength of the material 
itself. Moreover, the combination of a compressed layer and thermal exposure can 
enhance metallurgical phenomena such as the precipitation of secondary phases [25, 
26], the presence of which is the main strengthening mechanism for the material and 
hence has a strong influence on its final properties. As a consequence, the applica-
tion of surface treatments, such as shot peening, should be carefully studied taking 
into account all their effects, both on fatigue life and on oxidation and precipitation. 
Although the positive effect on fatigue life of shot peening is well-known, in the 
operating conditions of these alloys, this treatment can introduce modifications in 
the phenomena indicated previously, which may endanger the integrity of the mate-
rial. Indeed, variations in precipitation can modify the mechanical properties in the 
affected zone, while an oxidation process that is too intense, or in which the scales 
are not very compact, is capable of introducing sensitive zones in the material which 
are more prone to crack initiation.

Therefore, this study focuses on characterization of the variations in the surface 
state generated by treatments that are commonly used in industry such as shot peen-
ing, and its consequent effect on the evolution over time of phenomena such as oxi-
dation and precipitation during the first phases of high-temperature exposure. It does 
so to establish whether applying these treatments, with the aim of enhancing fatigue 
life, can introduce problems in these other phenomena.

Materials and Methods

The material used is an Inconel 718 alloy (UNS 7718), given in a forged condition at 
a 5:1 ratio, the composition of which conforms to ASTM B637 standard.

A heat treatment made up of solubilization (980 ◦ C, 1 h, water quenching) and 
double ageing treatment (720 ◦ C and 620 ◦ C, 8 h each, followed by an air cooling) 
was carried out.

The microstructure was observed through a Nikon Eclipse MA200 optical micro-
scope and a JEOL JSM-5600 SEM which was used in addition to perform EDS anal-
ysis. Specimens were etched with the following mixture: 50 ml HCl + 10 ml NO3H 
+ 2 ml HF + 38 ml H2O.
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Shot peening treatments were carried out using a Guyson EUROBLAST 4PF SYS-
TEM machine equipped with Zirshot y300 spheres [27]. Two shot peening treatments 
featured by different coverage levels were designed, as shown in Table 1. In particular, 
the conventional treatment is featured by a 100% coverage level, while the treatment 
designed and termed severe refers to higher levels of coverage. In particular, in this 
study, a coverage level of 5000 % was chosen for the severe treatment.

The time necessary to achieve a desired coverage level has been computed accord-
ing to Avrami’s law: 

The AR factor is called coverage rhythm factor and is the product of the area of each 
impression (A) and the uniform rate of creation of impressions (R). This AR factor is 
constant for treatments using the same spheres, Almen Intensity and material, and it 
was calculated by applying shot peening to a sample for one second. Coverage has been 
estimated by means of images analysis. The factor obtained is then used to determine 
time to achieve a desired coverage level [28]. It should be noted that the time for the 
severe condition was determined assuming that after the complete saturation, coverage 
follows a linear trend over time. Results are summarized in Table 2.

The characterization of shot peening effects was done through different technolo-
gies. X-ray diffraction was used to characterize the residual stresses introduced, by 
means of an Xstress 3000 diffractometer. The residual stress field induced by the 
applied shot peening treatments was measured by means of X-ray diffraction technique, 
using a Stress-tech 3000-G3R X-ray diffractometer. The K

�
 chromium wave length 

(0.2291 nm) was employed onto the 200 austenite planes under a 2� angle of 128.8◦ . 
The residual stress was determined using the sin2� technique by means of Eq. [29]:

where ‘E’ and ‘ � ’ are the elastic modulus and Poisson coefficient of the Inconel 
718 in the measured crystallographic plane, taken as 200000 MPa and 0.3, respec-
tively; ‘d’ is the interplanar distance of the selected diffraction plane (hkl), ‘ � ’ the 
tilt angle and ‘ � ’ the angle in the sample plane. The detection of the diffraction peak 
was carried out at five positions of the tilt angle, between -45◦ and +45◦ , along three 
rotations of 0 ◦ , 45◦ , and 45◦and using an exposure time of 20 s in each position. In 

C(%) = 100 ⋅ (1 − e
−ARt)

�
�
= (E∕(1 + �))(hkl)(1∕d�0(hkl)

)(�d�
�(hkl)

∕�sin2�)

Table 1   Selected fixed 
parameters for shot peening 
treatments

Proyectil Pressure Almen Intensity Head height

Zirshot y300 4 (bar) 10 (A) 23 (cm)

Table 2   Relationship between 
processing time and coverage 
level

Treatment Coverage (%) Time (s)

Conventional 98 5
Severe 5000 250
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order to remove material and measure the stress in depth, an electropolishing tech-
nique was employed, using 94% CH3COOH + 6% HClO4 as the reactant solution. 
The results of the in-depth residual stress measurements were corrected by using 
the method described in [30]. Microhardness profiles were performed with a BUE-
HLER MAT 419 C tester machine, with 200 gf precharge and 10 (s) dwell time, fol-
lowing ISO 6507 norm. Measures were taken at 25 μm steps. Three different profiles 
were measured for each condition. Lastly, roughness measurements were taken with 
a Mahr MarSurf M300 following the ISO 4287 norm.

Specimens were subjected to thermal exposure in air atmosphere meant to sim-
ulate the operating conditions that the material undergoes in its service life. Two 
different temperature levels (640 ◦ C and 700 ◦ C) were selected as the material is 
commonly used for applications in this range of temperatures. Different exposure 
times (1, 10, 50, 100 h)were tested in order to investigate the evolution of multiple 
phenomena step by step over time, such as oxidation and precipitation in the first 
stages of high temperature maintenance.

Observation of the oxide scales formed during the thermal exposure, investiga-
tion on the microstructural evolution and EDS analyses were performed through 
Zeiss Sigma 500 SEM. Weight gain analysis was done using a Scaltec SBC22 scale 
with a 0.01 mg sensitivity; a different sample for each condition was tested. Image 
handling was accomplished using NIH ImageJ software.

Results and Discussion

Material was in a forged condition. Optical microscopy shows a nonuniform precipi-
tation (Fig. 1a); this is not a favourable condition as chemical and physical anisot-
ropy could introduce differences in the properties of different zones of the material.

After the application of a standard heat treatment composed of solubilization 
and ageing, in order to achieve a structure in which strengthening phases � ′ and � ′′ 
have precipitated in the matrix, the microstructure appeared to be more homogene-
ous and composed of approximately equiaxic grains, with a balanced carbides dis-
persion throughout all the material (Fig.  1b). Moreover, the presence of niobium 

Fig. 1   Optical microscopy of base material, before and after the heat treatment
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and titanium carbides should be pointed out, which are finely dispersed both at the 
boundaries and inside the grains; this homogeneity and fine dispersion is looked 
for in the material in order to achieve the desired mechanical properties. The pres-
ence of some � phase at the grain boundaries in the typical platelets shape can be 
observed.

Microstructure results modified by the different surface treatments; in particular, 
the outermost layer of the severe shot peened material features grains that have been 
intensively deformed, and are widely elongated in the horizontal direction; this phe-
nomenon decreases moving towards the bulk material, where grains are more equi-
axic (Fig. 2b). This is coherent with the application of a surface treatment; its effect 
is expected to be high in the outermost layer and then to decrease in the inner part of 
the material. On the other hand, the material subjected to the conventional treatment 
did not show such an intense modification in the shape of the grains, which are char-
acterized by the presence of slip bands related to the onset of a deformation process 
(Fig. 2a), as was observed previously for this material by Klotz et al. [14]. It should 
be noted that the severe shot peened specimens show a deeper modified layer than 
the conventional shot peened ones; depending on the process parameters, the depth 
of the influenced layer can differ, but after a certain distance from the surface, the 
material was found to not be modified by the treatment. Thus, the variations induced 
in its properties are also expected to be limited to the superficial layer impacted by 
the treatment.

Coherently with these observations, the same trend was detected in the microhard-
ness profiles. Indeed, microhardness appears to be increased by the application of shot 
peening treatments; in particular, as expected for a surface treatment, the effect reduces 
moving towards the bulk material until it reaches the value of the non-treated mate-
rial (470 HV) asymptotically. Figure 3 shows the Vickers microhardness evolution on 
the cross section of the shot-peened samples: base material, conventional shot peen-
ing, and severe shot peening series. After applying shot peening treatments, a notable 
increment in the hardness level in the upper layer of the samples (around 200–250 μm) 
is appreciable in shot peened series. The increment in hardness is directly related with 
the amount of energy induced onto the material, increasing with coverage level [10, 31, 

Fig. 2   Microstructural modifications in the outermost layer of peened specimens
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32]. This fact can be associated to the grain refinement and increased dislocation den-
sity caused by the plastic deformation induced by means of the shot peening treatments, 
as confirmed in [33]. It should be noted that on comparing the effect of the two differ-
ent treatments, it can be observed that severe shot peening introduces higher micro-
hardness values (up to 543 HV) and a thicker modified layer (up to 250 μm) than the 
conventional treatment (Fig. 3). The presence of scattering in the data might be related 
to the presence of multiple secondary phases and carbides in the sample zones, which 
might cause the dispersion in the measured values. However, in order to minimize this 
effect and give a better estimation of the microhardness profile, multiple measurements 
were taken, and the overall curve follows the trend expected.

In addition, roughness appears to be increased by the application of the surface treat-
ments: all the parameters taken into account ( Ra , Rmax and Rz ) are increased by an order 
of magnitude by applying shot peening treatment compared to the as-cut condition and 
in particular the highest roughness values are those introduced by severe shot peening 
(Table 3).

The characterization of the effect of the surface treatments was concluded with 
measurement of the residual stresses introduced by the different treatments. A sample 
subjected to conventional shot peening, and one to severe shot peening were tested; 
these samples were meant to exemplify the initial condition of the peened samples 
before the oxidation process. The plots of residual stresses follow the expected trend for 

Fig. 3   Microhardness comparison in the different conditions

Table 3   Roughness 
measurements summary

Roughness parameter (μm) Ra Rz Rmax

Severe shot peening 3.73 21.95 27.29
Conventional shot peening 3.16 17.81 22.75
Base material 0.27 2.18 3.088
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a shot peened material (Fig. 4); the effect of the treatment decreases moving towards 
the inner part of the material [34]. The same is true for the residual stresses, which 
increase for the first tens of micrometres from the surface, even exceeding 1000 MPa 
in absolute value, and then progressively diminish until 275 μm where it reaches the 
zero value. It should be noted that both treatments show similar trends, and that the 
maximum absolute value reached and the depth influenced are quite similar. In addi-
tion, this low value for the residual stresses was surprising after the observation of the 
microstructural modifications that occurred in the severe shot peened specimens, which 
appeared to be more intense compared to those subjected to the conventional treatment.

The introduction of these different surface states on the same material was 
expected to cause variations in both oxidation, as the area and the presence of 
a compressive stress state are reported to have an influence on the kinetics of 
the process, and in precipitation of secondary phases, as studies have shown an 
important increase in the phenomenon in the modified layer. The formation of 
oxide scales appears to be influenced by the different surface conditions intro-
duced by the shot peening treatments, as different morphologies are detected in 
the three cases (Fig. 5). Oxide scales are generated on severe shot peened speci-
mens in the form of flaky structures that progressively form the oxidized layer. 
Conventional shot peened specimens show the lowest variations over time regard-
ing the oxidation process, in terms of both the kinetics and the morphologies of 
the oxides. Indeed, a thin oxide layer is generated in the very first stages of the 
process, and after that phase, no major differences are detected over time. The 
variation in the presence of flakes over time seems to suggest that the generation 
of the layer occurs through the generation of these structures; however, the pro-
cess seems to be more akin to a passivation phenomenon that occurs in the first 
steps of the maintenance period, which is followed by a practically null growth 
of the oxide scale, as proposed by Greene et al. [35]. However, the base material 

Fig. 4   Residual stresses comparison altre the shot peening treatments
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appears to feature the nucleation of needle-shaped particles, which progressively 
increase in quantity and dimension until they create a compact layer over which 
the process can restart, generating a new one featuring needle-like structures.

Comparing the 640◦ C and 700◦ C conditions, one must understand that since 
the temperature variation selected is quite low, the differences detected are not 
disruptive. However, it can be noted that in the latter case the kinetics seem to 
have increased, since the same phenomena happened there earlier; one can note 
for example that in the base material specimen oxidized for 10 h, the higher tem-
perature environment has enhanced a more compact and uniform formation of the 
needle-shaped oxides, whereas in the 640◦ C case, they are quite sparse. Between 
these two different temperature levels, no major differences in morphology are 
observed apart from faster kinetics, and so the same oxidation level is achieved 
after a shorter time for a higher temperature (Fig. 6). As regards composition, we 
must point out that in all cases, the oxide scales appear to be mainly composed of 
chromia ( Cr2O3 ) (Table 4).

The main difference observed in the 700 ◦ C thermal exposure is the deposition 
of chromium rich islands on the specimens subjected to conventional shot peen-
ing and especially the non-peened ones for times greater than 50 h, which were 

Fig. 5   Surfaces of 640 ◦ C oxidized specimens. Base material (B), Conventional shot peened (C), Severe 
shot peened (S)
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not visible in the 640 ◦ C exposed specimens, as shown in Fig. 7; these structures 
are similar to the ones observed for cyclic oxidation at 750◦ C by Al-Hatab et al. 
[36]. It should be pointed out that these structures do not progressively cover the 
entire surface of the material and in the case of non-peened material they are ori-
ented preferentially in the same direction as the lines resulting from the cutting 
process, as shown in Fig. 7. Therefore, it has been proposed that the presence of 
these islands is related to the surface state induced by the cutting process itself, 
and the severe shot peened ones do not show this behaviour as their surface has 
been modified in a deeper way.

A simple investigation was carried out to verify this hypothesis; samples were 
polished and subjected to the same 700 ◦ C thermal exposure for 50 h to observe 
if the phenomenon occurred even in this condition; in this case, these structures 

Table 4   EDS analysis of severe 
shot peened specimen oxidized 
at 640◦ C for 100 h

Element Ni Cr Fe O C Nb Mo Ti Al

wt% 41.6 20.9 16.0 10.8 4.2 2.6 1.6 1.0 0.9

Fig. 6   Surface of 700 ◦ C oxidized specimens. Base material (B), Conventional shot peened (C), Severe 
shot peened (S)
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were not detected anymore, so it was concluded that probably the phenomenon is 
actually linked to a combination of surface state and thermal exposure (Fig. 8).

Oxidation kinetics were evaluated by measuring the weight gain over time; this 
parameter is capable of giving an idea of the intensity of the oxidation process, 
as high weight gain values are associated with extensive oxide generation and 
therefore an intense oxidation process. Inconel 718 was expected to show a para-
bolic behaviour over time [35], and the values measured (Fig. 9) agree with this 
hypothesis, as the growth of the oxide scales appears more rapid in the first stages 
of the thermal exposure while its increased rate slows down progressively over 
time, following a parabolic trend with highly reduced rate. This result is in agree-
ment with those proposed by Greene et al. who observed for IN718 at 700◦ C, a 
first phase (around 24 h) in which the oxide scales form rapidly and after that fol-
low a parabolic behaviour at a rate so low that is quite immeasurable [35]. These 
considerations fit with the experimental data discussed here, since the quantities 
measured in this analysis are so low (lower than 0.06 mg∕cm2 even in the most 
oxidized condition at 700◦ C) that are practically null. Indeed, by comparing these 

Fig. 7   Chromium rich islands detected after 700 ◦ C exposure

Fig. 8   Absence of chromium-
rich islands in polished speci-
men, oxidized at 700◦ C for 50 h
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values with those found at higher temperatures in literature [35], one can observe 
that the weight gains measured in this case are between one and two order of mag-
nitudes lower than those observed and extensively studied in the study at higher 
temperatures, so that, by comparison, they are too low to be considered. One can 
observe that severe shot peened specimens feature the highest weight gain both at 
640 ◦ C and 700 ◦ C and that kinetics are increased for the same surface state, by 
increasing the temperature level. However, it should be noted that all the oxida-
tion levels are characterized by very low values: even though the cases show qual-
itatively different behaviours, the differences in order of magnitude are so low 
that at a practical level they can be considered negligible. This result is important 
since one important concern regarding the implementation of shot peening treat-
ments on the material, was the possible increase in the oxidation kinetics, which 
could lead to the detachment and spalling phenomena that can generate weaker 
zones in the material: the low magnitudes of the weight gains and the consequent 
tiny thickness observed suggest that the positive effects of these surface enhance-
ment methods can be exploited without taking into account the possible harmful 
effects related to the introduction of the higher roughness and the compressive 
state in the oxidation process.

Cross-sectional analysis was performed to investigate the evolutions that occur 
during the thermal exposure, in relation to both microstructure and oxidation. 
One can see that the oxide layer is so thin that is not practically possible to iden-
tify an evolution over time; this result is in agreement with the weight gain analy-
sis, which indicated that even if an oxidation process is occurring, the amount of 
oxides that is formed is so low that their thickness must be particularly tiny. This 
consideration is valid for all the different surface conditions taken into account in 
the study; therefore, the analysis focused on the microstructural evolution in the 
more superficial layer in order to evaluate the presence of differences regarding 

Fig. 9   Weight gain comparison in different conditions
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the microstructure. We focussed particularly on the precipitation of secondary 
phases in the peened layer compared to the non-treated one.

Cross-sectional analysis for the shot peened specimens show an interest-
ing evolution in the coarsening kinetics of secondary phases in their outermost 
layer, which is the one influenced by the treatment. Specimens exhibit the devel-
opment of small needle like structures, the penetration depth of which increases 
with exposure time (Fig. 10). It should be noted that these needle-shaped phases 
increase progressively in size towards the surface, and that their protrusions seem 
to follow some preferential paths in their in-depth development, which can be 
related to the presence of grain boundaries. Comparing the result obtained with 
that found by Cai et  al. [37], it was deduced that these phases are probably � ′′ 
ones, whose coarsening kinetics are promoted strongly in the shot peened layer; 
this precipitation effect may be related to an increased diffusion due to the intense 
introduction of defects into the outermost layer of the material caused by the sur-
face treatment applied. The observation of this disparity in the precipitation, the 
behaviour of which seems to vary widely between the surface and the inner part 
of the material, suggests that the compressive residual state enhances the pre-
cipitation of secondary phases in the modified layer. The phenomenon especially 
starts in the more superficial zone, which experiences the thermal load first, and 
then moves towards the inner part as the time increases. This leads to the supposi-
tion that, for longer exposure times, the layer affected may increase further [38]. 
This result is consistent with findings by Qin et al. that observed a stress-assisted 
diffusion which leads to faster � ′′ precipitation kinetics [39].

A preliminary investigation has been carried out in order to establish the effect 
of these modified coarsening kinetics on the properties of the material. Micro-
hardness tests have been performed at a 25 μm distance from the surface and 
compared with the values measured before the thermal exposure; results are sum-
marized in Table  5. No major differences regarding microhardness were found. 
However, further analyses are needed in order to better investigate the effect of 
this phenomenon on the mechanical properties of the surface state, which is a 
very sensitive area in the operating field.

Conclusions

The aim of the study was to evaluate the effect of shot peening treatment on the 
microstructural evolution and the oxidation process for Inconel 718 during the 
first stages of thermal exposure. 

1.	 Shot peening treatments induce an increase in the residual stresses trend, surface 
hardening and roughness.

2.	 Oxide morphologies are influenced by the different surface states, with the forma-
tion of needle shaped oxides on the base material, flakes on the severe shot peened 
ones, and a more compact and uniform layer for conventional treatment.
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3.	 Oxidation kinetics vary between the different conditions; oxidation is more 
intense for the severe shot peened specimens, while the conventional shot peened 
ones feature the lowest weight gain.

Fig. 10   Cross sections of speci-
mens subjected to 700 ◦ C, 100-h 
thermal exposure
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4.	 Precipitation kinetics differ from those of untreated material; enhanced � ′′ coars-
ening kinetics have been detected in the outermost layer of the specimens, which 
are faster for higher thermal exposures.

5.	 Specimens subjected to severe shot peening exhibit the deepest modified layer as 
well as the deepest coarsening area.

6.	 As the order of magnitude of the weight gain is low, it is possible to propose that 
the variations observed for oxidation are practically negligible; the design and 
the implementation of shot peening treatments on components that work at high 
temperature can be performed exploiting their positive features on fatigue life 
without taking into account the issues regarding oxidation.
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