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Magnox Generation 
ntergranular Volume 
welling 

Depending on Irradiation History bubbles form: 

- Circular Lenticular Bubbles 
- Extended Lenticular Bubbles 
- Multi-lobed Lenticular Bubbles 

Cross section of 
bubble showing the 
lenticular syrnetry 

Closed 
enticular Extended Multi-lobed 
circular lenticular lenticular 







Magnox Generation Berkeley Fuel TEM 
Phillips CM12 - Dedicated Fuel 

EELS for thickness measurements 

EDX for chemical analysis 

Analysis of small intra-granular 
fission gas bubbles ( 4 0 n m  diameter) 

General microstructural 
examination of fuel 









Magnox Generation Fuel TEM 

TEM n~icrograph taken over-focus of 4065 (slow ramp 
+ scram) at 4.1 mm from the clad. The fission gas 
bubbles image dark, are faceted and have nucleated in 
lines. 

TEM micrograph taken under-focus in 4065 (slow ramp 
+ scram) at 1.45 mm from the clad showing the himodal 
fission gas bubble distribution with ihc larger population 
all having a solid fission product precipitate inside. 









Magnox Generation SIMS 
Advantages for Fuel Analysis: 

Isotopic sensitivity e.g. can maplprofile 2 3 9 P ~  or 2 4 0 P ~  in MOX 

(Does not have the same peak overlap problems associated with EDXIWDX) 
Increased spatial resolution, 0. lpm relative to large 1p.m X-ray generation volumes 
in EDXIWDX 
Allows depth information to be acquired - Depth profiles used to determine 
Diffusion Coefficients 

Disadvantages: 

Destructive - analysis erodes specimen 
Difficult to quantify 
Requires expensive UHV equipment 
Very surface sensitive 


















