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KEYWORDS ABSTRACT

Corrosion, Refineries and petrochemical industries, due to the presence of all-metal equipment and
Ultrasonic waves, acidic environment, have high corrosion. This study investigates the effect of ultrasonic shock
Residual stress, on the corrosion behavior of 316 stainless steels in order to the increasing use of stainless
De- tensioning. steels in these industries. The aim of this study was to investigate the effect of ultrasonic

stress relief method on increasing the strength of parts in corrosive environments. It should
be noted that the residual stress in the samples is created by welding. In this study, first the
considered sample is De-tensioning using ultrasonic vibration at a frequency of 20 kHz, then
the obtained results are compared with the results of samples without De-tensioning
operation and also thermal De-tensioning operation. XRD method used to measure the
residual stress. The obtained results show that in ultrasonic method and heat treatment, the
amount of residual stress is reduced by 58.7% and 54.3%, respectively. It has also been
observed that the use of ultrasonic waves has increased the life of the sample in a corrosive
environment.

Extended Abstract

1. Introduction

pipeline. SCC indicates cracking caused by the simultaneous effect of corrosion and stress. The stresses in the parts

are applied or residual stresses. Cold forming and deformation, welding, heat treatment and machining are among the
factors that cause residual stress. In most cases, the importance and magnitude of these tensions are ignored. This type of
stress causes small cracks inside the parts. Under the structure, these cracks can have intergranular or grain boundary
morphology. In terms of macro cracks, SCC has a fragile appearance and factors such as temperature, pressure,
concentration, pH, viscosity, part material and fluid flow are among the environmental parameters that affect the crack
growth rate [1]. This type of corrosion is one of the most common types of corrosion in the industry, in which, in addition to
the corrosiveness of the environment, the mechanical stress factor is also a necessary condition for its occurrence. For many
years, it has been believed that for the occurrence of stress cracking, the simultaneous presence of three factors: a corrosive
environment, the presence of metal with an alloy sensitive to this type of cracking, and the presence of tensile stress on the
metal is required [2]. For example, hot aqueous chloride solution can create cracks in stainless steel at a considerable speed,
while they do not have such an effect on carbon steel, aluminum and other non-ferrous alloys. In other words, any corrosive
environment is capable of creating cracks in a limited number of metals and alloys [3].

S tress corrosion was first identified in 1965 in the United States during the failure analysis of a gas transmission

There are different methods for stress relief of parts, the most important of which are: natural stress relief, thermal stress
relief, vibration stress relief, overloading, shot peening, and stress relief with ultrasonic blows. In this research, two methods
of stress relief with ultrasonic and thermal waves are investigated.

2. Materials and methods

The validity of the results of a research is influenced by the validity of the method chosen for the research. The methods
of a research are actually tools to achieve reality. Since the purpose of this research is to investigate the effect of ultrasonic
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waves on the corrosion behavior of L316 stainless steel, initially welding method was used to create residual stress. Six
samples of pipes welded under the same conditions have been selected. The main purpose of this research is to investigate the
effectiveness of the ultrasonic stress relief method and to prevent stress corrosion in a corrosive environment. For this
purpose, two samples were subjected to ultrasonic stress relief and thermal stress relief method was used for comparison.
Also, a mode without any operation is considered. The residual stress of all six parts has been measured using the XRD
method.

300 series stainless steels, especially 316 and L316, which are widely used in industry and environments with acidic
properties, especially sulfuric acid solutions, were used to select the samples. Stainless steels have an iron base and contain at
least 12 percent cream, which can be as high as 30 percent.

The samples used in this research are 2-inch tubes with a thickness of 3.4 mm made of L316 stainless steel, prepared
according to the ISO 7S39-8 standard. Welding method is used to create residual stress. Six pipe samples that were welded
under the same conditions and selected. It should be noted that tungsten electrode and neutral gas method was used for
welding. In this process, different electrodes are used, such as pure tungsten, tungsten with thorium, and tungsten with
zirconium. Also, the choice of power source and type of shielding gas is highly effective on the depth of penetration and the
shape of the weld cross-section. In the following, Figure 1 shows the preparation of samples for welding operations. given.
The type of connection used to prepare the samples is chamfer type with an angle of 60 degrees, which is shown in Figure 2.

Figure 1. Preparation of samples for welding

Figure 2. The sample type with a 60 degree chamfer

3. Numerical results

In this section, the results obtained from the samples are analyzed and the results are compared with each other. In order
to determine the effectiveness of ultrasonic and thermal stress relief operations, a reference was needed for comparison, and
due to time and facilities limitations, it was not possible to conduct XRD tests in large numbers. Therefore, by controlling the
welding conditions, two samples without stress relief are considered as reference samples. The results of the XRD test of
samples without stress removal are shown in Figure 3.

According to the figure 3, it can be seen that the residual stress in both pieces was almost the same, which indicates that
the preparation conditions for the samples were the same.

In order to investigate the thermal stress relief, two samples have been selected in the same conditions and the residual
stress in the samples has been determined using XRD test. The results of the samples that were stressed by the heat treatment
method are given in Figure 4. According to the figure, it can be seen that the amount of residual stress in the first and second
samples was almost the same.
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Figure 3. XRD test results of samples without residual stress

By comparing the results of residual stress in the heat treatment method and without heat treatment, it can be seen that the
average residual stress has decreased by 54%. The results of the XRD test of the stressed samples using the ultrasonic method
are shown in Figure 5. According to the figure, it can be seen that the amount of residual stress has decreased by 58%
compared to the sample without stress relief operation. Also, the comparison of the results of stress-relieved samples with
heat treatment and the use of ultrasonic waves shows that ultrasonic waves have performed better and the amount of residual
stress has decreased by about 4% compared to the stress-relieved sample with heat treatment.

250
200
150
100
50
0

Numerical value of
residual stress (MPa)

Sample Sample
2 1

M Seriesl 204.7 198.3 201.5

Average

Figure 4. The results of XRD test on samples with thermal stress relief operation
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Figure 5. XRD test results of stress-relieved samples using ultrasonic waves

4. Conclusion

The aim of the study was to investigate the effect of ultrasonic waves on the corrosion behavior of L316 stainless steel.
At first, welding method was used to create residual stress and six samples were prepared in the same conditions. Two
samples are stressed by ultrasonic stressing method and the other two samples are de-stressed by heat treatment. The residual
stress of all six pieces has been measured by XRD test. At the end, the resistance of the samples stressed by ultrasonic waves
and without stress relief in corrosive environment has been compared.
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