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INTRODUCTION: Previous studies revealed the 

potential of FeMnC-based alloys as biodegradable 

implant material due to their outstanding 

mechanical properties, and also because Fe is an 

essential element in the human body [1]. However, 

their slow degradation rate and the need for a 

stable and biocompatible surface are important 

object of study. Controlling the surface properties 

is an effective method to modulate degradation and 

biological properties. Cell adhesion and migration 

are mainly affected by chemical composition, 

roughness and wettability of surface material [2]. 

Plasma techniques are advantageous methods to 

modify complex shapes devices such as medical 

implants. Plasma immersion ion implantation 

(PIII) technique offers some of these advantages as 

selective modifications without affecting the 

thickness, reducing the probability of clinical 

complications as in-stent restenosis [3]. The 

present work presents the influence of a FeMnC-

based substrate modified by N2 and O2 

implantation.  

METHODS: A FeMnC-based alloy known as 

Hadfield, Fe-12Mn-0.2C was cleaned and 

electropolished (EP) before surface modification. 

O2 and N2 implantation were performed with a 

PBII-300 system (Plasmionique Verrennes, QC, 

Canada) consisting of a radio frequency 

inductively coupled plasma reactor connected to a 

pulsed high voltage source. Pure oxygen and 

nitrogen (99.995% pure, Linde Gas Canada) were 

used as implantation gas with a feeding flow of 10 

sccm. The water-cooled antenna was operated at a 

frequency of 13.56 MHz. The antenna power was 

of 300W. The substrates were implanted with a 

pulsed bias of Ubias = −10 kV. The substrate bias 

was applied by means of short pulses of 50 μs 

(sharp edges of ∼100 ns), with a repetition rate of 

100 Hz. The roughness and chemical composition 

of the modified layer were studied by Atomic 

Force Microscope (AFM) and X-Ray 

Photoelectron spectroscopy (XPS), respectively. 

The wettability was assessed by water contact 

angle. Roughness was determined by the Eq. (1) 
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RESULTS: Fig. 1 presents the values of 

roughness found for EP, O2 and N2 implanted 

samples. No significantly difference was found for 

EP and O2 samples. However, N2 implanted 

samples showed important decrease even for 15 

min of implantation. 

 
Figure 1: Roughness for EP, O2 and N2 conditions. 
 

XPS surveys (Fig 2) showed that the amount of 

O1s for all the samples is statistically the same. 

Surveys also revealed a slight increase of N1s in 

the sample implanted by N2 (4.77 ± 0.85 in at. %), 

but that changed significantly the roughness of the 

surface.

 
Figure 2: XPS surveys for EP, O2 and N2 conditions 

DISCUSSION & CONCLUSIONS: Comparing 

with EP condition, N2 implanted samples showed a 

drastic decrease of the roughness even with a small 

content of nitrogen on the surface. However, O2 

samples did not exhibit a considerable difference 

in chemical composition. Probably, sputtering 

phenomena in a short time of implantation results 
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in a rougher surface with no evident modification 

in chemical composition.  
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