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Prior solution annealing 

Without solution annealing 

Hydride Blister  

Before cold finger is struck all the 
hydrogen is solid solution. 
As cold finger makes contact hydride 
precipitation occurs at cold spot which 
grows with the arrival of thermally 
migrated hydrogen resulting in single 
blister 

Cold finger is in contact all the time 
Hydride precipitation occurs around the 
cold spot resulting in ring of blisterets 





Hydride Blister section  

Optical micrograph of hydride blister section, grown in Zr-2.5wt.% Nb pressure 
tube material. Three regions - Region I - matrix & circumferential hydrides, region 
II - matrix containing both radial and circumferential hydrides and region III - 
mainly of -hydride.  
The basis of radial hydride formation is the stress field of blister in the matrix 
surrounding it. 



Hydride – level of organization

C

R

Hydride plate comprising of platelets stacked 
side by side

Each platelet comprising of sub-platelets 
stacked end to end

Circumferential hydride shows both 
level of organization

Radial hydride shows only sub-platelet 
level of organization

R. N. Singh et al. J. of Nucl. Mater. 2006



































 

Top view of a hydride blister grown in

Zr–2.5wt%Nb pressure tube alloy (Singh et al., 2001)



Expanding elastic-plastic inclusion  (Hill, 1950)
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Body described in a spherical coordinate system



 

 

 

 

Shear stress components vanish everywhere: 
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Symmetry also results in  
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The equations of equilibrium are reduced to 
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General solution for an elastic hollow sphere 
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The general solution is 
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"r = m4k ln r + q  and       
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where q is an arbitrary constant.  

 

cf. (Hill, 1950). 

 

Results for an expanding growing inclusion 
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If c1 > 0 because of the supposed compressive stresses exerted by the expanding sphere. Yield 

stress is meet at  
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Because of the expansion of the sphere   
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" = #k  in the region R < r ! rp. 
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In the region r < R the stresses are obtained through (13) using   
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Fig. 2 Different characteristic regions of the solution. In r > rp the material is 

elastic; in r ! rp the material is plastic; in rc1 < r < R no tensile stress; in ro < r < 

rc1 tensile radial stress; in rc2 < r < ro tensile radial stress and hydrostatic stress; 

in r < rc2 all stresses are tensile. 





 
 
Summary 
 
Phase field modell ig can be used in studies of 
phenomena occuring near the hydride surface  
 
The hydride surface is unstable on a length scale given 
by the ratio of the surface energy and the strain energy 
density  
 
Platelet shape is affected by the ratio of stress free 
expansion strain and the elastic strain 
 
Inclusions that grow at its edges obtain reduced 
compression closer to its center  
 
At self similar growth stress becomes tensi le and 
logarithmically singular 


