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Abstract  
In order to enhance the resistance to the pitting corrosion due to asepsis processes and to avoid structural 
fractures in dentistry drills, a plasma immersion ion implantation (PIII) treatment using nitrogen has been 
performed.  The selected drill samples, made of AISI 434 based stainless steel with a 0.670 mm diameter, were 
treated at a -1kV bias between 350°C and 450°C, this temperature being controlled by both a 20-50 μs pulse 
width and a 200-1000 Hz repetition rate in the bias.  The drills were analysed by cyclic potentiodynamic tests 
showing a good pitting corrosion resistance when treated at around 400°C, as follows from a resulting very low 
hysteresis loop.  Yet, the resistance appears somehow diminished by the presence of sputtering when processed at 
temperatures near 450°C.  It is also found that the PIII nitriding effectiveness appears to be limited by the 
appearance of uniform corrosion.  Finally, X-ray diffraction of the samples has revealed the presence of two new 
phases, namely ε-Fe2N and Fe4.4N, while scanning electron microscopy of the treated surfaces has suggested a 
sputtering enhancement at the highest temperatures.   
Introduction 
Tools and mechanic parts are often subjected to intense wear during short periods, sometimes exposed to 
corrosive environments, which shortens their lifetime.  The plasma immersion ion implantation (PIII) process  is 
a technique in which a specimen is placed in a plasma environment and then biased with a negative potential 
(about 1-100 kV) in order to direct the ions to the specimen while increasing its solid solubility.  PIII has proved 
to be a reliable technique to improve material properties such as surface hardness and fatigue strength as well as 
wear and corrosion resistance. In particular, the dental industry is interested in new processes to face conditions 
such as surgical fatigue and asepsis corrosion.  Moreover, due to its low energy consumption, PIII results 
attractive for the industrial processing of several stainless steel varieties: ferritics  austenitics, martensiticsand 
duplex, albeit the ferritic ones have deserved lesser attention up to now.  However, one of the disadvantages of 
nitriding arises from the embrittlement produced by a white layer (γ-Fe4 N) which can jeopardise the wear and 
corrosion performance. 
Nowadays, ferritic stainless steels are an integral part of modern technology given their reasonable mechanical 
strength and excellent corrosion resistance as well as their relative economy.  In this way, the response of various 
stainless steels or alloys has been systematically investigated by corrosion tests and electromechanical 
measurements.  The aim of the present study is enhancing the resistance to the pitting corrosion due to the asepsis 
process, and the associated fatigue, in dentistry drills made of an AINSI 434-based ferritic stainless steel.  In 
order to assess this resistance, cyclic potentiodynamic tests were performed.  Likewise, so to evaluate the 
nitrogen content and topography of the surface specimens, scanning electron microscopy (SEM) has been 
applied.  Finally, new phases were identified by means of X ray diffraction (XRD). 
 
Experimental  
A DC glow discharge was produced by means of a 300V/3A voltage/current power supply  in a nitrogen 
atmosphere contained in a SS 316, 0.5 m long and 0.30 m in diameter cylindrical vacuum chamber.  The anode of 
the discharge consists of an AISI 316 stainless steel rod placed perpendicularly to the chamber axis while the 
cathode role is played by the chamber wall itself.  The sample bias system is operated on a 1 kV peak, 5-50 μs 
long and 200 to 1000 Hz repetition rate power source.  Prior to the glow discharge start up, the chamber is 
pumped down to a 3×10-6 mbar base pressure and filled with nitrogen gas up to a 5×10-3 mbar pressure.  
In order to process the commercial drill samples made of AISI 434-based (0.12% C, 1.00% Mn, 1.00% Si, 16-
18% Cr, 0.04% P, 0.03% S, 0.75-1.25% Mo) stainless steel whose diameter is 0.670 mm (Figure 1), the samples 
were placed inside the chamber after undergoing a simple cleaning procedure.  Successive nitrogen implantations 
were performed for 4 hours at 350 °C, 400 °C and 450 °C.  The drill temperature was gauged by a K-type 
thermocouple attached to the sample.  In all the cases, the temperature increased sharply with time until about 5 
minutes when it saturated. 
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Figure 1. Typical drill sample 

Results and discussion 
a) SEM analysis 

The nitrogen content and the superficial topographic changes derived from the PIII treatment were assessed by 
SEM whose micrographs were labelled considering their particular sample temperatures as: 350 °C (Fig. 2.a), 
400 °C (Fig. 2.b) and 450 °C (Fig 2.c).  The nitrogen content was found by EDS analysis to be 12.2 at%, 14 at% 
and 15.2 at% for the samples processed at 350 °C, 400 °C and 450 °C, respectively.  The micrograph in Fig.2.b 
shows a better nitriding than that of Fig. 2.a, while Fig. 2.b reveals a weaker nitriding than that in Fig. 2.c which 
is also the more sputtered. 

   
              (a) 
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           (b) 

 
            (c) 
Figure 2. Micrographs of specimens treated at different temperatures: a) 350 °C, b) 400 °C and c) 450 °C. 
 
b) XRD analysis 
The untreated drill samples present two typical steel XRD peaks within the 35-75 2θ-range. These peaks 
exhibited, after treatment, a shift towards smaller angles, indicating an expansion of the lattice. They also 
displayed larger amplitudes with the temperature rise.  Furthermore, the results showed two new phases: the 
hexagonal ε-Fe2N and the cubic Fe4.4N.  The phase formation and nitrogen content are related to the temperatures 
reached. 
The considerable nitrogen concentration from the PIII process, the high Cr content of the drill sample as well as 
the high number of lattice defects and stresses seemed to have favoured the nucleation of ε-Fe2N.  On the one 
hand, the non-stechiometric Fe4.4N phase was probably caused by the high number of lattice defects.  On the 
other hand, the iron expanded phase concentration appears higher in the 350˚C sample than in the 400 ˚C one, 
although somehow lower than at 450˚C.  This fact can be due to a greater content of ε-Fe2N in the 400˚C sample 
than in the 350˚C one, and yet, lower than at 450˚C (see Fig. 4). The development of the ε-Fe2N phase with 
temperature is attained at the expense of the α-iron phase, pointing out to a very effective nitriding of the 450˚C 
sample, at least rather superficially, as shown in Figure 3.  Notice that, in any case, no precipitation of CrN has 
been observed. Likewise, the Fe4.4N phase content remains practically constant throughout the processes. 
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Figure 3. X-ray diffractogrammes of the samples at different temperature  

 3



 
c) Potentiodynamic Cyclic Tests 
 
A corrosion cell was placed in a NaCl solution, according to the ASTM G-61-99 norm, in order to assess the 
pitting corrosion susceptibility of the samples by means of potentiodynamic cycling tests.  The polarization 
scanning rate was 1 mV/s and the results are depicted in Figure 4.  The cycling polarization curve of  the as-
received  sample (Fig. 4.a) shows a clockwise return loop as decreasing sweep potential  in the transpassive 
region indicating the protective film breakdown and the breakdown potential (Eb). Meanwhile, the relatively wide 
hysteresis loop indicates the pitting corrosion susceptibility.  Moreover, the repassivation potential (Erp) is lesser 
than the open circuit potential (Eocp) suggesting that pitting continues its growth. In Fig. 4.b, corresponding to the 
350ºC treated sample, a small right hysteresis return loop is  observed in the transpassive region which points out 
to a slight pitting susceptibility and, as Eocp < Erp, a less pitting growth when compared with untreated sample. In 
the case of the 400ºC and 450ºC ones (see Figs. 4.c and 4.d) a superposition of the ascending and descending 
loop paths becomes apparent, though slightly more marked in Fig. 4.c than in 4.d, showing that Eb does not exist 
and neither does the film breakdown.  However, as the increase of the current density (I) is only one order of 
magnitude, then two pseudo-passive region can be considered to appear: in the potential range -300mV to 
+100mV (Fig. 4c) and  from -300mV to +50mV in Fig. 4.d.  Comparing the Eocp and Erp  potentials  (Figs. 4c and 
4d),  in both cases Eocp<Erp  whereby no pitting growth occurs. This, along with the fact that no film breakdown 
takes place, lead to the conclusion that the 400ºC and 450ºC samples do not exhibit pitting corrosion 
susceptibility.  In other words, these samples exhibit a better pitting corrosion performance than the 350ºC and 
the untreated ones.  
As mentioned before, the nitrogen content of the 450 °C sample was the highest. Yet, the pitting corrosion 
susceptibility is as good as that of the 400ºC one (cf. Fig. 4.c and 4.d).  As follows from Figure 2.c, a more 
sputtered region appeared which favours pitting.  The 350 °C sample improves (Fig. 4.b) with respect to the 
untreated one (Fig. 4.a). We believe that greater ionic currents impinging upon the sample, due to longer and 
more frequent bias pulses, favours both nitriding and sputtering. The latter, in turn, can enhance the pitting 
corrosion.  Also, from Figures 4.b-d, it is possible to define a convenient working range provided that the 
temperature remains below 450°C.  
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Figure 4. Potentiodynamic polarization curves for the drills: a). untreated, b) 350 °C, c) 400°C, d) 450 °C 
 

Conclusions 
The pitting corrosion performance of SS 434-based dentistry drills subjected to reactive asepsis processes can be 
enhanced, and their fatigue strength improved, by a low voltage PIII process.  Nevertheless, as the sample 
temperature reaches around 450°C during the treatment, the enhancement of the pitting corrosion resistance 
begins to compete with sputtering.  The best performance to pitting corrosion has been obtained at 400˚C and 
450ºC, whereby attention must be paid so to avoid sputtering during the treatment. A slightly more intense 
uniform corrosion appears to take place in all the treated samples.  However, the process is sufficiently flexible as 
to enable a wide operation range of optimal temperatures.   
The new ε-Fe2N and Fe4.4N phases did not affect the pitting corrosion performance.  Furthermore, the XRD 
analysis outcome does not suggest the presence of CrN, which generally compromises the corrosion resistance.  It 
is possible to suggest an optimal working range ~ 50ºC below 450°C in order to avoid sputtering. 
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