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Zircaloy is considered an excellent alternative for 
metallic matrix for pressurized water reactors 
and also for nuclear waste management. For 
manufacturing these matrixes, a necessary step is 
the production of Zircaloy powder to be used as 
raw material. As upon hydrogenation a metal 
hydride could experience a volume increase of 
up to 25% a repetition of 
hydrogenation/dehydrogenation results in 
pulverization of the alloy. In this method, 
hydrogen absorption and desorption should be 
performed at the lowest temperature and pressure 
possible in order to reduce the processing costs. 
We found that cold rolling greatly increases the 
hydrogenation kinetics and drastically reduces 
the dehydrogenation temperature making the 
hydrogenation/dehydrogenation process 
commercially attractive for production of 
zircalloy powder.  

In order to understand the reason of enhancement 
of hydrogenation upon cold rolling, we 
performed neutron diffraction studies of samples 
before and after rolling in the hydride and 
dehydrided states. The alloy studied was  
zircacloy-4 (~1 wt.% Sn, ~ 0.2 wt.% Fe, ~ 0.1 
wt.% Ce, balance Zr). Samples were crush into 
powder or small turnings and put inside a 
vanadium sample holder for neutron diffraction 
experiments. All experiments were performed on 
C2 diffractometer at room temperature. 

Neutron diffraction experiments 

Figure 1 shows the neutron diffraction patterns 
of zircaloy-4 in as-received state and after cold 
rolling 25 times. For both patterns only Zr phase 
was present. From Rietveld refinement we found 
that cold rolling had for effect of decreasing the 
crystallite size (from 39 ± 2 nm for as-received to 
33 ± 2 nm after cold rolling) while the 
microstrain increases from 0.167 ± 0.006 % for 
as-received to 0.231 ± 0.007 % after cold rolling.
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Figure 1 ï Neutron diffraction of zircacloy-4 in 
as-received and cold rolled 25 times states. 
Patterns were taken under vacuum at room 
temperature. 

Figure 2 shows the neutron diffraction patterns 
of as-received in and cold rolled 25 times 
zircaloy-4 after hydrogenation. Apart from a 
small amount of Zr phase (less than 1 wt.%) in 
the pattern of cold rolled sample, only ZrH2 
phase is seen. For the as-received and cold-rolled 
sample the crystallite size was respectively 25 ± 
1 nm and 16 ± 1 nm while the microstrain was 
respectively 0.229 ± 0.007 % and 0.17 ± 0.02 %.
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Figure 2 ï Neutron diffraction of as-received and 
cold rolled 25 times zircacloy-4 after 
hydrogenation. Patterns were taken at room 
temperature. 

It is interesting to note that the as-received 
sample presented a reduction of crystallite size 
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upon hydrogenation but the microstrain remained 
unchanged. In the case of the cold rolled sample 
the crystallite size also decreased upon 
hydrogenation but the microstrain also 
decreased. This may be due to the fact that cold 
rolled sample is easier to hydrogenate thus, 
relaxation of microstrain is easier. Smaller 
crystallite size also means that pulverization is 
more complete in the cold rolled sample. Further 
analysis on the effect of cold rolling and other 
mechanical deformation such as ball milling is 
presently underway. 
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