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Irradiation Growth and Creep
• Dimensional instability can lead to bowing and 

buckling of assemblies

SPP = Second Phase Particle , <a> and <c> loops = dislocation loops 



Highlights - Fellowship
•  Established transport procedures of active Zr 

samples from Studsvik Nuclear to University of 
Manchester

•  RR funding early career fellowship in support of the 
program

•  DCF now established to carry controlled proton 
irradiation experiments.

•  Significant progress by applying STEM based ultra 
high resolution EDX mapping and diffraction based 
line profile analysis

•  New mechanisms have been proposed for c-loop 
formation and the role of Fe during irradiation in Zr 
alloys

•  Nuclear industry continues funding PhD students to 
keep the program going
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Figure'2:'EDX'examination'of'a'second'phase'particle'(SPP)'in'Low'Tin'Zirlo®.'Iron'segregation'to'
the'SPP'boundary' is'observed'with'a'concentration'of'6.3wt%'compared'to' less' than'1wt%'in' the'
surrounding' area,' a.' HAADF' image' of' a' second' phase' particle' (area' of' the' EDX' map);' the' line'
indicates'where'an'additional'EDX'line'scan'was'acquired,'b.'iron'concentration'along'the'line'scan'
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Zr Fuel Cladding Research Activity
•  Zr research activity has grown dramatically, UK now leading as evidence 

from ASTM Zr conference in 2016 and UK will host ASTM Zr conference 
in 2019

•  Significant collaborative research activity developed through bottom up 
approach, example:
–  MUZIC 1: UK consortium funded by EPSRC to identify corrosion mechanisms in Zr 

alloys
–  MUZIC-2: UK, US, France , Sweden, Switzerland consortium funded by EPRI, 

Nuclear industry funding, Swedish Council, Swiss Nuclear to identify hydrogen 
pick up mechanism

–  MUZIC-3: UK, US, France , Sweden, Switzerland consortium to study effect of 
irradiation on corrosion and hydrogen pick up mechanisms

•  Also significant research activity on Pellet Cladding Interaction (PCI), 
Delayed Hydride Cracking, LOCA, Zr processing, coating of Zr for ATF

Manchester Zr cladding 
research activity: 



Outlook 

•  90 Zr coupons from a BOR60 irradiation campaign to 
arrive in the UK before end of 2016 and to be stored by 
NNL (NFIR program)

•  Great opportunity for UK
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