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Report: 

 

Objective: 

Intermetallic (IM) have been widely investigated over the past few decades. Within the iron aluminum IMs, 

particular attention has been given to Fe3Al - β1 phase (< 50 at.% Al) which offers good resistance to sulfidation, 

oxidation at high temperature and mechanical wear, while having relatively high ductility among all the Fe/Al 

IMs and lower density than that of steel [1, 2]. Other Al-rich (≥ 50 at.% Al) Fe/Al IMs are FeAl - β2, FeAl2 - ζ, 

Fe2Al5 -η, Fe4Al13 – θ (also referred to as FeAl3 in some early literature) and Fe5Al8 - ε (only stable at 

temperatures above 1095°C [3]). The β2 and ζ phases form via decomposition of ε phase resulting in lamellar 

microstructure [4-6]. However, their limitation of use and disadvantage come from a low ductility (at room 

temperature) involving very small capability to deform plastically before fracture. Presence of such IMs at the 

dissimilar welded joints results in premature failure due to stress concentration at the interfaces followed by a 

rapid and catastrophic propagation of crack through the welded joints. Hence, minimising the IM growth is a 

goal of many researchers to improve the mechanical performance of multi-metallic dissimilar joints [7]. 

Moreover, reducing the IM growth can help to minimize the residual stress induced by the IM and thus 

identifying the appropriate growth mechanism enable to apply appropriate measures to control the growth 

kinetics. Therefore, this experiment is carried out to develop a complete understanding of the IM growth kinetics 

using X-ray nano-holotomography techniques during thermal treatment. 

Experimental method: 

The friction melt bonding (FMB) techniques is used to fabricate Al/Steel bimetallic joints at UCLouvain. A 

schematic illustration of the sample geometry is given in Fig 1. 

 



 
Fig. 1. Schematic illustration of the sample geometry 

 

5 micro piller samples were treted to identify the IM growth kinetics, with different heating interval. Here the 

1st sample results are explained below in Fig. 2. 

 

 
Fig. 2. IM growth with the anealing treatment 

 

In situ heating reveled the growth of IM, growth and evalution of Kirkendall porosity (Porosity marked by black 

arrow). On the steel side the black and white region correspond to the heterogeneous interlocking at the interface. 

Further post treatment has been performed to understand the fundamental mechanisms in the growth kinetic of 

IM and porosity. It revealed that the grain boundary diffusion is not the competing mechanism during the IM 

growth, while the bulk diffusion is the leading mechanism during the IM growth. After that, further studies at 

lab scale were performed to develop a complete understanding on the IM growth. One journal article will be 

submitted on these original findings of IM growth on Al/Steel joints. 
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