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Despite the worldwide developments towards advanced fission reactors there is 
a worldwide demand for conventional light water reactors. Key elements of such 
reactors are the cladding pipes which contain the nuclear fuel (UO2) tablets and 
which are in direct contact with the coolant i.e. water. As cladding materials 
zirconium alloys are used because of their good neutronic and corrosion 
properties. The family of these alloys containing small amounts of elements like 
Sn, Fe, Ni, Cr is called Zircaloy. Claddings are typically 10 mm in diameter with a 
wall thickness of 0.6 to 0.9 mm up to several meters long.  In order to improve 
the efficiency of nuclear fuel - thereby reducing high level waste -  higher fuel 
burnups are required. One limiting factor is the interaction of the cladding with the 
products of the radiolysis of water: oxygen and hydrogen. Hydrogen forms 
needle like hydrides which reduce the toughness of the material considerably. 
Oxygen forms oxide layers consuming the metallic cross-section of the cladding. 
Many attempts were made to improve the oxidation behaviour of Zircaloy by 
changing the alloy chemistry but there is still potential for improvement.  
Additional damage can occur due to fretting between the cladding and fixtures 
which can lead to premature failure.   
 
Metallurgy and conventional production processes of Zircaloy claddings are well 
established and need not further to be discussed here. The advent of bulk nano-
structured materials as a result of severe plastic deformation led to the question if 
such a nano-structured Zircaloy could have improved properties with respect to 
nuclear reactor environments. As a first step we investigated the possibility of 
develop nanostructures with plastic deformation. We have chosen a multiple step 
cold rolling process. Experiments were performed with the qualities Zircaloy 2 
and Zircaloy 4. Small slabs with typical sizes of 20 mm length, 5 mm with and 0.3 
mm height were cold rolled creating deformations from 20 % to 200% . The 
developing structure was analyzed in the TEM. It could be shown that already 
after 50% deformation nanostructured clusters were visible. With increasing 
deformation the number of clusters increased and at about 150 % a pure 



nanostructure was found. Figure 1 shows the recrystallized starting material and 
Figure 2 shows the nano-structure which developed in 100% deformed material. 
 

 
 

Figure 1: Zircaloy 4 recrystallized condition (TEM micrograph) 
 

 
 

Figure 2: Zircaloy 4 recrystallized after 100 % deformation by  cold rolling. The 
developed nanostructure is clearly visible (TEM darkfield micrograph) 

 
 
These results demonstrate that in Zircaloy a nanostructure with very fine grains 
can be achieved with simple mechanical deformation which could be easily 
integrated in a production process. Work is now in progress to study the stability 
of this microstructure further under reactor conditions and particularly to 
investigate the strength and corrosion behaviour. There is also work done to 
create bulk nano-structures in advanced reactor materials like ferritic oxide 
dispersion strengthened steels which could be already successfully nano-
structured by severe plastic deformation in the Framework of the European FW6 
project EXTREMAT.    
 
  


