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ABSTRACT
In this study, the addition of organic methionine inhibitor (as an eco-friendly inhibitor) to 0.1 M sulfuric acid media on
corrosion resistance of 316L austenitic stainless steel (fabricated by rolling method and three-dimensional (3D) printing
method) was investigated. Open-circuit potential electrochemical test and impedance, and structural tests such as optical
and electron microscopy and x-ray photoelectron spectroscopy were conducted. The results showed that the corrosion
resistance in the presence of inhibitor was higher than the sample without inhibitor and the inhibitory efficiency of
methionine was increased up to 64% and the resistance to surface transfer between metal oxide and electrolyte was
improved up to 2.77 times. The addition of methionine reduced the surface roughness and accumulation of the surface
cavities. The chemical and physical adsorption mechanism of the inhibitor (negatively charged side adsorption of the
methionine molecule with positively charged anodic regions of the metal surface) occurred at all points on the surface
of the sample with the inhibitor. Also, the amount of oxygen in the cavities was reduced and the distribution of sulfur
was uniform. The thickness of the passivator oxide layers was calculated more than the sample without inhibition due to

the addition of inhibitor.

Keywords: 316L Stainless Steel, Selective Laser Melting, Methionine Inhibitor, Corrosion.

1. INTRODUCTION
The compounds selected for use as corrosion
inhibitors should be considered from an
environmental point of view. The use of green
inhibitors is cost-effective and non-toxic due to
the abundance of natural resources. In order to
prevent the negative effects of organic compounds
on the environment, the use of green inhibitors
has found a special place [1-2]. Alpha amino acids
are able to be absorbed in the anodic regions of
the metal via nitrogen atoms. Adsorption of these
compounds in the anodic regions may reduce the
anodic dissolution of steel. Inhibition of organic
compounds depends on the structure and chemical
properties of the bilayer formed on the metal
surface. In general, amino acids with longer
hydrocarbon chains showed higher inhibitory
efficiencies [3].

Selective Laser Melting (SLM) is an Additive
Manufacturing (AM) method developed for rapid
prototyping and fabrication of complex

*: m.Jari@scu.ac.ir

engineering components. The 3D design is of
great importance in the SLM method and the part
is divided into several thin sections. Sequential
layers of metal powders are then made into a part
of the model. Between two successive layers of
powder, a laser beam is used to scan the layer, so
that the powders are selectively melted under
controlled conditions. Therefore, complex
components are made by combining layer-by-
layer formation and layer-by-layer laser melting
[4-6].

2. MATERIALS AND METHODS

2.1. Preparation of Samples

NouraLayehNegar model M100P device was used
to produce AM samples. The samples were then
cut into 10x10x2 cm?® pieces. In order to prepare
the surface for the microscope, an electro-etch
with 6 volts was applied for 60 s in a solution of
10 g of oxalic acid in 100 ml of water. 0.1 M
sulfuric acid solution was operated as a corrosive
solution and the amino acid Methionine with a
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molar mass of 149.21 g/mol and the chemical
formula CsH;1NO,S made by BioShop Canada
with different concentrations were used.

2.2. Electrochemical and Structural Tests
Electrochemical tests were performed using
KianSharDanesh potentiostat device of RadStat-1A
model and an Ag/AgCl-3M/KCl reference
electrode. First, an Open Circuit Potential (OCP)
test was performed for 10 min and a frequency
range of 10 KHz to 50 mHz was utilized to
perform  the  Electrochemical  Impedance
Spectroscopy (EIS) test. For microstructure
imaging, MeijiTechno IM7200 Optical Microscope
(OM) and Tescan Mira3 Field Emission Scanning
Electron Microscope (FE-SEM) were applied.
Also, X-ray Photoelectron Spectroscopy (XPS) test
was used by the German Bestec in a vacuum
environment with a pressure of 107° bar.

3. RESULTS AND DISCUSSION

3.1. Investigation of Initial Microstructure

A typical grain size of approximately 25 um was
observed for the rolled sample, but in the AM
sample, it can be seen that the SLM process
resulted in the formation of overlapping melt
pools with an oval appearance in the structure.
The use of laser beam has led to the formation of
molten oval pools that could be related to the
melting and welding grains in the formation of
each layer. This type of microstructure is often
present in the SLM process due to its high
freezing speed [7].

3.2. Evaluation of Electrochemical Test Results
In the OCP test in the presence of an inhibitor, it
could be seen that a very suitable inhibition was
established. This difference (compared to the
sample without inhibitors) indicated more activity
of the sample without inhibitors compared to
other samples. More positive potential indicated
less tendency to corrosion in the presence of
inhibitors; which can be considered as a sign of
reduced local corrosion [8]. The results of the
impedance test and the equivalent circuit are
shown in Figure 1. The improvement of resistance
to surface transfer (radius increase) due to the
addition of inhibitor can be clearly seen.

3.3. Investigation of Final Microstructure
Figure 2. shows the backscattered electron images
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Figure 1. Impedance diagram and equivalent circuit

of 316L in 0.1 M sulfuric acid solution and different

concentrations of methionine.

of the AM samples without inhibitor and in the
presence of 600 ppm methionine inhibitor. The
surface roughness has been reduced in the
presence of inhibitor. This reduction in the surface
roughness can be related to the higher corrosion
resistance of the sample with inhibitor. In the
figure, the weight percentage of the elements is
presented (for points A and B). Oxygen depletion
can be observed due to the addition of methionine
inhibitor to the solution, indicating the inhibitory
effect of methionine and possibly less oxidative
phase formation.

The results of XPS test were evaluated for two
AM samples without inhibitor and in the presence
of 600 ppm methionine inhibitor. The thickness of
the passivator oxide layers was calculated. The
higher thickness of the oxide layers of the sample
containing the inhibitor (which is about 3 times
than that of the sample without the inhibitor)
indicated the positive effect of the inhibitor on the
formation of these layers and thus the better
corrosion resistance of the steel.

4. CONCLUSION

A typical grain size of 25 um was observed in
316L rolled stainless steel, but the AM steel had
an oval shape resulting from the formation of
molten pools.

The addition of the inhibitor or methionine
increased the OCP. Also, the impedance values
with inhibitor were increased (compared to the
sample without inhibitor).
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Figure 2. SEM images with weight percentage of
elements, from 316L sample in incremental solution
in 0.1 M sulfuric acid solution: a) without inhibitor
and b) with 600 ppm methionine inhibitor.

Reduction of surface roughness was observed
with methionine inhibitor. The weight percentage
of oxygen decreased due to the addition of
inhibitors, which was probably a sign of the
formation of low oxide phases.

The thickness of the oxide layer was
calculated. The thickness of this shell was much
higher for the sample with inhibitor than that for
the sample without inhibitor.
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