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Abstract
• A modified surface layers with high resistance were successfully prepared 

on corrosion stainless steel by Ion Beam Implantation (IBI). 

• These layers contain oxides of chromium, aluminum, iron, and boron. It 
was revealed that the implantation of oxygen and aluminum with boron 
has a positive effect to the characteristic of the formed layers. In order to 
confirm this phenomenon, scanning electron microscopy (SEM), 
secondary ion mass spectrometry (SIMS), X-ray photoelectron 
spectroscopy were carried out to investigate the morphology and 
composition of this layer after ion implantation process. 

• The corrosion behavior of the implanted stainless steel was investigated 
in NaCl solution by electrochemical system and long-term salt spray (NSS) 
tests. The modified surface layer has been demonstrated to improve the 
corrosion resistance of stainless steels, even in the long standing 
corrosion influence. Finally, the corrosion of the stainless steel with 
implantation was discussed.



• Surface treatment is an effective method to improve the poor 
corrosion resistance of construction metal alloy. 

• Typical surface modification techniques:
• anodic oxidation 

• microplasma oxidation 

• electroplating 

• physical vapor evaporation 

• chemical vapor deposition

• ion implantation [10-13]

Ion beam implantation is one of the most favorable technologies for stainless 
steel protection. It is necessary to select such ions and the implantation mode 
to do not to change the product dimensions (it is typical for threaded joints) 
and to increase their service life.



Specimens
• Specimens were cut from an as-extruded stainless steel plate (Si: 

1.12wt.%, Ti: 9.69wt.%, Mn:0.65 wt.%, Cr: 16.99wt.%, Ni: 9.57wt.%, 
Fe: 61.9 wt.%) with sizes of 10×10×0.5 mm. 

• They were ground with emery paper and polished with Al2O3 paste 
(average size 1 μm). 

• Surface profiler (Alpha-Step IQ profiler) analyzed surface roughness. 
After polishing process, morphology of the surface was characterized 
by SEM (LEO EVO-50XVP).



Experiment
The ion implantation was performed step by step.

• First, an oxygen (O) was implanted. 

• Then, aluminium (Al+) and boron (B+) were implanted together. 

The specific parameters of implantation of oxygen are shown as 
follows: the base pressure of 1×10−8A, the work pressure of 1×10−6A, 
the power of 10keV at fluences of 1018 ions/cm2. 

Aluminum and boron implantations were performed at fluences of 
1017 ions/cm2 to increased penetration of implanted ions into the 
sample using 136 keV and 80keV, respectively.



SIMS depth profiles of stainless steel sample 
after ion implantation



SEM images

• non-implanted (a, b) 

• implanted (c, d) stainless 
steel samples 

• before (left) 

• after corrosion tests (right).



Long-term corrosion tests

• The specimens (non-implanted and implanted) were chosen to 
evaluate corrosion resistance in aggressive medium through long-
term corrosion tests in a salt spray chamber. Each sample was masked 
by paraffin wax with the untreated surface (1.0×1.0 cm2) exposed in 
50ml of 5wt.% NaCl solution with acetic acid and deionized water 
(pH=3). 



Electrochemical investigation

• The electrochemical behavior was evaluated in 3.5 wt.% NaCl
solution. 

• To stabilize the exchange of ions between samples and electrolyte, 
the sample was immersed in 3.5 wt.% NaCl solution for 15 min before 
electrochemical measurements. 

• The potential was swept at the rate of 1 mV/s for potentiodynamic 
polarization measurements. The corrosion potentials before and after 
implantation were 50mV and 150mV, respectively. 

The latter moved to a more positive position, which indicated that the 
structural stability of stainless steel in corrosive medium was improved 
by ion implantation treatment.



Long-term corrosion tests and 
Electrochemical investigation
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Conclusions
• It is expected that ion implantation can be a valuable tool to provide 

corrosion resistance of metal materials, both current and future. 
Although the present study focused on the O/AlB system, it is 
expected that other ion implantation layers can be formed similarly. A 
deeper understanding of the corrosion characteristics of ion modified 
layers is essential for their development and testing if they are to 
contribute to the continued reduction of environment impact on the 
mechanical devices. This work demonstrates how ion implantation 
can be a powerful tool to further this effort.

• In the future, a number of strategies will be explored to control the 
amount of ions required for corrosion resistance of stainless steels to 
make this material more stable and thus increase the economic 
benefits of using these alloys.


