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ABSTRACT 

The present paper focuses on the failure characterization of the metal / metal thermal sprayed 
bi-materials interfaces. Thin coatings of X10CrNi18-8 stainless steel were deposited on two 
aeronautical aluminium alloys: AG3 (5754) and AU4G (2017A). The natural thin layer of 
aluminium oxide on both substrates acts as a diffusion barrier and consequently penalizes 
bonding. In order to deal with this issue and improve adhesion, we propose two solutions. On 
the one hand, a Ni-Al bond coat (75E) was deposited between the coatings and the substrates. 
On the other hand, aluminium substrates were immersed in an alkaline sodium zincate 
chemical bath. Different techniques were used for the mechanical and metallurgical 
characterization of the coatings and bi-material interfaces. Four points “delamination” 
bending tests with digital image correlation were carried out to investigate the influence of 
mixed mode (I/III) solicitations on the critical interfacial fracture energy.    
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INTRODUCTION 

Materials selection for aggressive environments requires specific solutions. The most efficient 
material for a particular application is the one that combines all required mechanical, physical, 
chemical and electrical properties. Since most industrial applications deal with the surface 
parts, applying an appropriate surface treatment (i.e. surface coatings) that enhances the 
properties is needed. Among the numerous surface modification techniques, which are now 
available, thermal spraying is known to offer many advantages. The current trend in 
engineering industry, especially in automotive and aircraft sectors, is the application of light 
construction materials as for example, aluminum and its alloys in order to reduce the weight 
of constructions and parts. In this case, producing stainless-steel coatings on aluminum 
surfaces is considered as a promising solution for wear and corrosion protection. In our study, 
we use the thermal spraying technique to coat two aeronautical aluminum alloys (ASTM 575 
and ASTM 2017A). Thanks to their properties, special steels such as ASTM 301(X10CrNi18-
8) find interest for tribology, wear, high-temperature, corrosion and other mechanical 
applications. The aim of this study is to evaluate qualitatively and quantitatively adhesion of 
the metal/metal multimaterials, also, the influence of mixed mode (I/III) solicitations on the 
critical interfacial fracture energy was investigated.  

 

RESULTS AND CONCLUSIONS 

According to Fig.1 and Fig. 2, it is clearly remarkable that the elaborated multimaterials 
contain a protective zinc layer against reoxidation, an aluminium alloy substrate, a Ni-Al 
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bond coat and finally a stainless-steel coating. Fig. 3 shows an example of a four-point 
delamination bending test.   

        
   Fig. 1 - Protective zinc layer against reoxidation       Fig. 2 - Multimaterial specimen example   Fig. 3 - Delaminated specimen 

  

                     

Fig. 4 - Critical interfacial fracture energy as a function of mode mixity. 

This study shows that the elaboration with a bond coat increases adhesion energy in both 

aluminium substrate cases. In the AG3 aluminium based bi-materials, the high ductility due to 

the sandblasting of surfaces, leads to inferior interfacial fracture energies. Mixed mode (I/III) 

solicitations tend to decrease critical interfacial fracture energies. 
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