
 

 

 
Abstract—The corrosion behaviour of 316L stainless steel 

coatings obtained by cold spray method was investigated in this 
study. 316L powders were deposited onto Al5052 aluminum 
substrates. The coatings were produced using nitrogen (N2) process 
gas. In order to further improve the corrosion and mechanical 
properties of the coatings, heat treatment was applied at 250 and 750 
°C. The corrosion performances of the coatings were compared using 
the potentiodynamic scanning (PDS) technique under in-vitro 
conditions (in Ringer’s solution at 37 °C). In addition, the hardness 
and porosity tests were carried out on the coatings. Microstructural 
characterization of the coatings was carried out by using scanning 
electron microscopy attached with energy dispersive spectrometer 
(SEM-EDS) and X-ray diffraction (XRD) technique. It was found 
that clean surfaces and a good adhesion were achieved for 
particle/substrate bonding. The heat treatment process provided both 
elimination of the anisotropy in the coating and resulting in healing-
up of the incomplete interfaces between the deposited particles. It 
was found that the corrosion potential of the annealed coatings at 750 
°C was higher than that of commercially 316 L stainless steel. 
Moreover, the microstructural investigations after the corrosion tests 
revealed that corrosion preferentially starts at inter-splat boundaries. 
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I. INTRODUCTION 

NCREASING human population leads to an increase in the 
number of medical devices addressed to bone related 

injuries [1]. Metallic materials are widely used in medical 
applications as implants on the purpose of restoring joints of 
body parts or with the intent of replacing organs functioning at 
acceptable levels. Recently, stainless steels (SS), cobalt-
chromium alloys (Co-Cr), titanium (Ti) and their alloys are the 
most widely used metallic materials those aiming to extend 
service life of the biodevices in the human body [2], [3]. It has 
been well known that stainless steel is biocompatible with 
human hard tissues. Unfortunately, the mechanical properties 
of the implants are fairly high and this structural behaviour 
can make some limitations on their direct utilization as 
implant in load bearing applications. Aluminum is an 
extremely light material having low density, high specific 
strength, high stiffness, good castability and machinability, 
and high damping capacity [4]. In addition, it has a good 
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corrosion resistance as a result of the formation of an inert 
oxide layer on its surface. However, direct usage of Al2O3 is 
not possible due to its brittle characteristics when used as an 
implant material. Thus, aluminum needs a specific surface 
modification in order to minimize the adverse effects to body 
electrolyte.  

It is well known that the metallic biomaterials are 
physiologically inert and have a high corrosion resistance due 
to the formation of a passive film on the surface. However, the 
human body is an aggressive environment for the implanted 
metals and alloys. Thus, corrosion is one of the major 
problems that affect the biocompatibility of medical devices 
due to biodegradability of the metallic materials [3]. The 
deposition of stainless steel powder by means of cold spray 
process on Al alloys has a great potential for applications such 
as biomedical, high temperature oxidation and corrosion 
protection. For example, the coating cold sprayed with mixing 
SS and Co powders shows lower corrosion rate than bulk SS 
material, which was considered for new stent material [5]–[7]. 
It was shown that a significant reduction in porosity (less than 
1%) can be achieved by applying a post treatment of the cold 
gas sprayed stainless steel coating [8]. On the other hand, it 
was shown that the post heat treatment of the cold 316L 
sprayed layers did not enhance the fatigue life of the 
component even with the presence of residual compressive 
stresses introduced during the cold spray process [5]. 

Reference [9] demonstrated that the cold sprayed 316L 
coatings with better inter-particle bonding and less porosity 
are prone to be less exposed to pitting attack in Clˉ containing 
solutions. However, [10] showed that the cold sprayed SS 
316L coating exhibits a corrosion rate 20 times lower than that 
of mild steel substrate but 20–40 times higher than that of bulk 
SS 316L in 1 N HNO3 solutions. In this study, the effect of the 
annealing treatment on the in-vitro corrosion response of the 
coatings in the Ringer’s solutions were investigated in order to  
demonstrate a possible alternative usage of 316L cold spray 
coatings on Al5052 alloys. 

II. EXPERIMENTAL PROCEDURE 

Stainless steel coatings were deposited using the cold gas 
spray processing. Commercially available SS 316L stainless 
steel powder (Praxair, USA or Fujumi Inc., Aichi, Japan) was 
used as the feedstock (Fig. 1). The particle size range was 5 to 
25 μm. Coatings were then deposited at the optimum 
conditions, i.e. a stagnation temperature of 800 °C and 
stagnation pressure of 4 MPa. In order to study the effect of 
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