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Abstract 

Laser shock peening is a mechanical surface treatment that is caused by laser beam radiation on the surface of the 

metal. This processing causes plastic deformation, and compressive residual stresses under the surface of metal. In 

addition, applying nanostructure coatings is one of the new methods to increase the resistance of components under 

corrosive environment and high temperature. The purpose of this article is to investigate laser shock peening on 

residual stress and fatigue corrosion of Inconel 792 in 75% Na2SO4 + 15% NaCl + 10% V2O5 environment. For this 

purpose, a number of samples were subjected to laser shock peening and another group was coated with graphene 

oxide before laser processing. Then, all the samples were subjected to corrosive environment at high temperature, 

and then the fatigue test was performed. The result of this research showed that the laser shock peening operation 

increased the fatigue life of this alloy for 2.4 times. 
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1.  Introduction 

Nickel-based superalloys are used in gas power plants 

due to their high mechanical properties and corrosion 

resistance [1, 2]. In certain environments, these alloys 

are prone to surface pit formation, which can initiate 

and propagate fatigue cracks under cyclic loading. This 

reduction compromises the alloy’s fatigue corrosion 

resistance [3]. 

In another study, after laser peening, improvements 

in microhardness and residual stress were observed due 

to the induced plastic deformation. Furthermore, with 

an increase in the number of laser impacts, both 

effective hardness depth and residual stress increased. 

Results showed that the fatigue life of samples 

subjected to three laser impacts increased by as much 

as 244%. [4]. 

In a study, fatigue tests with strain ranges from 0.4 

to 1.2 percent were performed on the samples. 

Investigations revealed that in laser shock peened 

samples, crack initiation was reduced, the spacing of 

fatigue lines was shorter, and smaller micro-pits were 

formed. Additionally, the plastic deformation, very fine 

grains, twinning, and dislocations created due to this 

operation can prevent the initiation and propagation of 

cracks, thereby increasing the fatigue life of Inconel 

625 [5]. 

In past studies, The effects of laser peening on the 

fatigue corrosion resistance of metallic materials have 

been rarely examined, especially in comparison to 

conventional surface treatments; especially, the effects 

of residual stresses combined with microstructure 

during this process for the Inconel 792 superalloy have 

not been investigated so far. Therefore, research into 

the corrosion behavior of metallic materials subjected 

to laser shock peening is valuable. Moreover, the 

coating of superalloy with graphene nanostructured 

coatings and the combined effect with a surface 

treatment has not been studied so far. 

 

2. Method of Experimentation 

2.1. Material Selection 
The tensile and fatigue samples were prepared from a 

cast bulk of Inconel 792. XRF analysis was conducted 

to determine the chemical composition of the elements 

in this material. 

 

2.2. Determining Mechanical Properties 

To determine the mechanical properties of the material, 

flat tensile samples were prepared and tensile testing was 

performed using a Zwick 60-ton machine. 
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2.3. Coating Process 

Coatings on the samples were created using an 

electrochemical method. To achieve a uniform coating 

with an acceptable thickness, 10 layering steps were 

performed on the samples.  

2.4. Laser Shock Peening Operation 

Typically, a Q-Switched Nd:YAG laser (1064 nm) is used 

with high energy (J 1-8) and short pulse duration (ns 6-

20), which passes through a transparent medium (water or 

glass) to remove a thin coating (aluminum tape or 

commercial black paint) from the surface of the material 

[6]. When the laser beam irradiate to metallic surfaces, the 

heated area vaporizes in a very short time (a few 

nanoseconds) to reach temperatures exceeding 10000; 

then, it converts into plasma through ionization. The 

plasma continues to absorb laser energy until the end of 

the laser pulse duration. The pressure from the plasma is 

transferred to the material through shock waves. To 

increase shock pressure, the metal surface is usually 

covered with an opaque material such as black paint or 

aluminum tape, while a transparent material like distilled 

water or glass is placed against the laser beam [7].  

2.5. Fatigue Corrosion Test 

To simulate the power plant environment and induce 

corrosion, the corrosive material with a chemical 

composition 75% Na2SO4 + 15% NaCl + 10% V2O5 has 

been sprayed on all samples [8]. Before applying the 

corrosive coating, the samples were preheated at 200℃, 

and then each sample’s surface was covered with 

approximately 3 to 4 grams per square centimeter of the 

corrosive material. Subsequently, they were placed in an 

oven at a temperature of 600℃ for 48 hours.  

Fatigue testing was carried out according to the standard 

on three groups of samples: 1) Polished raw samples, 2) 

Coated and laser-treated samples, and 3) Laser-treated 

samples. This test was conducted at the Razi Research 

Center under tension and compression at a frequency of 

10 Hertz at room temperature. Samples were subjected to 

loading until failure with 50% of the ultimate stress, and 

the number of cycles until fracture was recorded. 

3- Results and Discussion: 

3.1. Tensile and Microhardness Test Results 

The tensile test was conducted at a rate of 1 mm per 

minute. Yield stress is 700 MPa and Young's modulus is 

180 GPa. The microhardness of the material after laser 

shock peening changed from 263 to 315 and 300 for 

samples from groups 2 and 3 respectively. This result 

indicate a 20 percent increase in surface microhardness 

after laser treatment. Other studies have also shown that 

this operation significantly affects microhardness [9 and 

10]. 

3.2. Residual Stress 

To evaluate the residual stress, Xpert HighScore Plus 

software was used. 

 
Figure 1. X-ray diffraction test results of three 

different samples, top: raw material, coated, and 

laser shock peened samples 

 

Figure 1 indicates no new peaks being formed in the XRD 

graph as a result of this operation, indicating that no phase 

transitions or new phases have formed in the material. 

Only the intensity of the peaks has significantly decreased, 

indicating the refinement of grain sizes. The residual stress 

at the surface of the sample under two operations (laser 

shock peening and coating) was recorded at -270 MPa, 

while for the sample subjected to laser shock peening it 

was -290 MPa.  

As a result of laser shock operations, residual 

compressive stresses are generated due to the impact on 

the sample's surface. The Xpert HighScore Plus software 

was used to analyze the obtained pattern and identify the 

peaks. The height, peak width, FWHM, crystal size, and 

strain were calculated. Based on the Williamson-Hall plot 

and using relations 1 and 2, the residual stresses in the 

samples were calculated. In these two relations, ε is the 

strain in the desired plane, σ is the stress in the plane, E 

and υ are material constants, ϕ and ψ are the angles of the 

planes, d is the distance between the parallel crystalline 

planes, and d_0 is the interplanar distance in an unstressed 

sample [11] . 
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Using equation 3 (Scherer's relation), the average 

crystal size can be calculated [12] and the grain size can 

be obtained using estimates where D is the crystal size, 

λ is the wavelength, K is the shape factor, and β is the 

peak width. and θ is the location of the peak. Using the 

Scherer equation calculator in Xpert software, by 

entering the FWHM values and also the angular 

position of the desired diffraction line, the crystal size 

and lattice strain are calculated . The size of the crystals 

obtained from the XRD test that the laser shock peening 

operation has reduced the size of the crystals. 
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(3) 𝐷 =
𝐾𝜆
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3.3. Fatigue corrosion analysis 

Fatigue tests were performed on Inconel 792 samples 

after corrosion, before and after laser shock peening. 

Table 1 shows the fatigue test results. 

Table 1. Fatigue test results 

Type of 

sample 

1)Rraw 

sample 

without 

treatment 

2) Coating and 

laser shock 

peening sample 

3) Laser 

shock 

peening 

sample 

Number 

of 

cycles 

to 

fracture 

15000 36163 36900 

 

3.4. Microstructural analysis 
After the fatigue test, the cross-section of  fracture 

surfaces were tested with Scanning Electron 

Microscope (SEM). Figure 2 shows these images for 

the raw and unprocessed sample.  

 

A 

 

B 

 
 Figure 2. SEM of the fracture surface of the 

sample without operation after the fatigue test 

 

After the fatigue and fracture tests of the samples 

were completed, the fracture cross-section was 

examined using a Scanning Electron Microscope 

(SEM) for fractography. Figure 2 shows these images 

for the raw sample without any treatment. Figure 2 

illustrates the fracture surface of the sample corroded 

with a salt coating for 48 hours at 600 degrees Celsius 

without any post-fatigue fracture processing. Figure 2A 

shows the initiation site of the crack along the margins 

of the fatigue fracture surfaces. These areas are pits 

formed on the surface due to corrosion. The origin of 

fatigue crack initiation was from these points on the 

surface, which ultimately led to final fracture under 

cyclic loading. Figure 2B presents a macro image with 

higher magnification of the fracture surface and the 

regions formed on it. The regions of fatigue crack 

growth are evident from the beach marks visible on the 

fracture surface. Cyclic stress application creates 

fatigue conditions in the material. Corrosion leads to 

the formation of pits and cavities on the material’s 

surface, which facilitate the growth of fatigue cracks 

[12]. The wavy lines indicate the mechanism of fatigue 

failure. The surface of the samples first undergoes 

corrosion; this corrosion aids in the initiation and 

growth of fatigue cracks, and eventually, due to the 

propagation of the fatigue crack, the sample fails under 

the fatigue mechanism. A series of parallel fatigue lines 

are observed in laser peened samples. As shown in 

Figure 3A, the fracture surface is almost free of 

microcracks. Grain boundaries act as a barrier to crack 

propagation [13]. Increased grain boundary formation 

due to laser shock peening accounts for the extended 

fatigue life to failure in the laser-peened sample 

compared to the untreated sample. The SEM results 

align well with the XRD test results regarding the 

reduction in grain size during this process, as discussed 

in the previous section. Laser shock peening has 

managed to close microcracks by inducing plastic 

deformation in the material’s surface. The SEM image 

of the fracture surface of the sample after coating and 

laser shock peening also confirms the absence of 

microcracks and the reduction in grain size due to this 

surface treatment (3A). As shown in Figure 3A, the 

zigzag crack propagation path makes crack growth 

more difficult; for this reason, the samples subjected to 

laser peening and coating have undergone more cycles 

until failure. 

 

A 

 
B 

 
 Figure 3. SEM image of the sample after 

coating and laser shock peening 
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3.5. Electrochemical Corrosion Analysis   

The polarization corrosion test was conducted for the 

coated and laser-treated samples in a 3.5% NaCl 

solution. Based on the results obtained from the 

potentiodynamic polarization curves in Figure 4, it is 

observed that the presence of graphene in the coating 

acts as a protective layer for the material against 

corrosion. 

The corrosion rate of the sample under laser peening 

operations is reduced compared to the raw material due 

to higher corrosion potential and lower corrosion 

current density. The improvement in corrosion 

resistance is attributed to the reduction of surface 

defects and the increase in mechanical performance 

resulting from laser shock peening. Additionally, this 

mechanical treatment reduces surface defects such as 

pores and cracks, thereby delaying corrosion [14]. 

When laser shock peening is applied to Inconel, it 

induces compressive strains on the surface of the 

material. The residual compressive stresses generated 

as a result can affect the corrosion behavior of the 

materials. In this operation, the residual compressive 

stresses from shock waves contribute to the corrosion 

resistance of the materials. Corrosion processes often 

begin with the formation and propagation of cracks on 

the surface of materials; this mechanical operation 

prevents crack propagation through surface 

compression. This helps to prevent the penetration of 

corrosive agents and the spread of corrosion damage 

[15]. 

 

 
Figure 4. Comparison of the polarization curve of 

the raw sample and the coated and laser sample 

 

4 - Conclusion   

Failure resulting from the combination of fatigue 

loading and corrosion is one of the reasons for the 

degradation of gas turbine components. The creation of 

favorable residual compressive stress plays a 

significant role in improving the life of turbine blades. 

This research aims to present a novel method for 

enhancing the fatigue life of components under cyclic 

loading in corrosive environments. The results of this 

research are as follows:   

1- Laser shock peening operations create residual 

compressive stress on the material's surface due to the 

propagation of shock waves within the material.   

2- Laser shock peening operations reduce the grain 

size of the material by locking dislocations.   

3- The creation of residual compressive stress on the 

surface through laser shock peening significantly 

increases the fatigue life of the material.   

4- The formation of a graphene oxide coating 

enhances the corrosion resistance of the superalloy.   

5- One of the reasons for the reduction of residual 

stress in the coated sample compared to the uncoated 

sample after laser shock peening is that the coating 

layer was applied before the laser process. During the 

laser shock peening, it acts as a buffer layer, preventing 

the laser wave from fully penetrating into the main 

sample. 

6- Laser shock peening and coating enhance the 

fatigue life 2.4 times. 

7- The corrosion current and corrosion potential in 

the treated sample compared to the raw material 

changed by 24% and 218%, respectively. 
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