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1. Introduction

stainless steel is a material of great interest in
technological applications. The stability of the surface
oxide (i.e., passive film) formed on the stainless steel
depends mainly on the passivation time, temperature,
alloy composition and working environment. Previous
studies have shown that the passive film formed on a SS
exposed to aqueous solutions are Cr-enriched close to the
alloy, with hydroxide and water-containing compounds
concentrated in the outermost region of the film and
chromium oxide enrichment at the metal-film interface.
The ion bombardment technique as a surface modification
method presents some advantages over other techniques:
(i) high temperatures are not needed; (ii) the bulk material
remains unaffected after the implantation process; and
(iii) the surface to be modified can be tailored by
controlling the accelerating potential and the implantation
fluence. The aim of this work is the study of the argon
implantation fluence on the corrosion resistance behavior
of stainless-steel substrates.

2. Laboratory method

lon bombardment was performed on stainless steel
samples with the approximate areas of 1 cm? and
thicknesses of 1 mm. Before ion implantation, sample
surfaces were polished to a shiny finish by diamond paste
and then cleaned ultrasonically in Alcohol and acetone
bath, and at last, dried in an oven at 100 °C. The ion
implantation facility of Plasma Physics Research Center
of Science and Research Campus is used to bombard the
different samples. lon bombardment procedure was
performed by Argon ions of the energy of 30 keV at 3x10
17 jons/cm? to 1x10 8 ions/cm? fluences at ambient
temperature. The angle between the implanted ions and
sample surface was about 90. Study of the surface
topography and roughness has been performed by AFM
analysis in contact mode with scan area of 1 pm?2
Electrochemical corrosion tests of the modified surfaces
were done by potentiodynamic method using a
potentionstat model EG&G applied princton 273A. The
corrosion solution was 0.5 molar H,SO4. The potential,

that measured by saturated columel electrode (SCE) as a
reference electrode, scaned from -250 mV versus open
circuit potential (OCP) up to approximately +1000 mV
versus OCP at the scan rate of 1 mV/sec.

Table 1. Planting parameters for different samples
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3. Results and Discussion

Fig.1 shows the roughness variation with ion fluence.
According to these results, the general trend shows an
increase of the surface roughness with increase of ion
fluence. It may be due to the erosion and sputtering of the
surface by Ar ion bombardment which become more
important at elevated fluence. In Fig. 2 potentiodynamic
curves for unimplanted and ion implanted stainless steel
samples at different conditions are shown. In Fig.3 the
variation of corrosion current density with argon ion
fluence is illustrated. With increasing Ar ion fluence the
corrosion current density (icor) which is related to
corrosion rate, approximately decreases by 12 times and
then increases. In other words, the minimum corrosion
rate was achieved at 5x 10 Y7 ions/cm? fluence. It seems
that Ar ion implantation has two opposite effects in the
range of fluence used in our case. There is no evidence to
explain the decrease of the corrosion resistance by ion
fluence. It may be due to the formation of unstable phase
during the ion implantation. At high fluence in which the
roughness value variation is more important, the effect of
effective surface area should be taken account. At higher
fluence when the effective area of the samples that is in

*Manuscript received: 21 June 2022, Revised, 31 July 2022, Accepted, 16 August 2022,
" Assistant professor, Department Of Physics, West Tehran Branch, Islamic Azad University, Tehran- Iran.

Email: ramezani.1972@gmail.com.



https://jmme.um.ac.ir/article_42715.html?lang=en
https://jmme.um.ac.ir/article_42715.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://jmme.um.ac.ir/?lang=en
https://jmme.um.ac.ir/article_42715.html?lang=en
https://jmme.um.ac.ir/article_42715.html?lang=en

Amir Hoshang Ramezani

contact with the corrosion solutions increases and
becomes important, the net current measured by
potentiostat instrument and consequently the corrosion
current that extracts from potentiodynamic curve will be
increased too.
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Figure 1 Chart of steel surface roughness changes with
increasing ion current of ion bombardment
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Figure 2 Variation of corrosion current with argon ion

influences.
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Figure 3 Variation of corrosion potential versus argon ion
fluences.

4 - Conclusion

The corrosion potential and roughness curves obviously
indicate that corrosion potential variations caused by
argon ion bombardment are inversely proportional to
surface roughness. Corrosion current variations show an
optimal fluence at 5x107 ions/cm? in which the corrosion
resistivity is twelve times higher than unimpanted sample.
Regarding to the thirteen percent increase of corrosion
potential and twelve times decrease of corrosion current
at fluence of 5x10'7 ions/cm?, we can deduce that the best
resistance against corrosion can achieve at this fluence for
AISI 304 stainless steel by argon ion bombardment.
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Investigation of the Effect of ion Bombardment on the Corrosion Resistance of
Steel with Argon

Amir Hoshang Ramezani

Abstract The aim of this work is the study of the argon implantation on the corrosion resistance behavior of AlSI 304
stainless steel substrates. The effect of ion implantation dose on morphology and corrosion properties of AISI 304 SS
has been investigated.In this work, argon ions of 30 keV energy have been implanted into AISI 304 stainless steel at
different fluences ranging from 3 x 107to 10 x 1017Ar/cm2.The AFM analysis of implanted samples clearly shows
significant change in surface. In order to evaluate the effect of the ion bombardment on the corrosion behavior,
otentiodynamic tests were performed. The results show that the corrosion resistance of the samples strongly depends on
the implantation fluences.The Corrosion potential and roughness curves obviously indicate that corrosion Potential
variations caused by argon ion bombardment are inversely proportional to surface roughness. Corrosion current
variations show an optimal dose at 5 x 10'7ions/ cm? in which the corrosion resistivity is 12 times higher than un-
implanted sample.
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