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EB	  30mm	  [1-‐pass]	  – Thermal	  &	  Mechanical	  Analysis,	  with	  Phase	  Predictions
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Distribution

Martensite
Formation

Bainite
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Includes	  collaboration	  with	  Cory	  Hamelin	  from	  ANSTO,	  Australia



Deformed	  layer	  microstructure	  -‐ 304L

» Thickness	  of	  fine-‐grained	  sub-‐surface	  microstructure	  is	  not	  
consistent	  across	  different	  samples,	  nor	  grooves	  of	  the	  same	  sample
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XRD residual stress measurements will be performed before EDM cutting. And SEM/FIB/EBSD analysis will 
be carried out on the cross-section. Potential 3D EBSD will also be considered if thresholding and 
reconstruction of deformation in the 2D EBSD map is successful. 
 
Evidence of the quality of research: The microstructure results and discussion are going to be added in the 
joint paper led by Agostino Maurotto in NNUMAN Team 2. The candidate journal to submit is International 
Journal of Pressure Vessels. Some machined SA508 specimens will also be investigated in the same way and 
the results are planned to be added into the microstructure part of the paper to be submitted to the 3rd 
CIRP Conference on Surface Integrity (CSI). A paper dedicated to the microstructures of the machining 
surface is under consideration. 
 

 

  

 
Fig 1. EBSD maps on the machined cross-sections of two specimens showing the depth of the deformed layer: (a) Euler angle 
colour map superimposed with grain boundaries (1.5o<LAGB<15o in thin white lines and HAGB>15o in thick black lines) of 
specimen with the lowest surface hardness (fz=0.15 mm/th), and the corresponding (b) phase map (fcc in blue and bcc in red) 
and (c) band contrast map; (d) Euler angle colour map of specimen with the highest surface hardness (fz=0.35 mm/th), and the 
corresponding (e) phase map and (f) band contrast map. 
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Example:	  Carpenter	  powder

950°C	  HIP 1000°C	  HIP

BC	  maps:
More	  subgrain	  boundaries	   in	  
950°C	  HIP	  than	  in	  1000°C	  HIP

Red:	  deformed	  region;	  Yellow:	  
substructured region;	  Blue:	  
recrystallized	  region.	  

Near	  Net	  Shape	  -‐ HIP

Additional	  projects	  now	  funded	  by	  EPRI
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Advanced	  Nuclear	  Fuel	  – Joining	  of	  SiC-‐SiC 
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(b) (a) 

 
 
Fig. 2 Laser confocal microscope image of the cross section of the joints. 
 
The second part of the research studied the effect of laser processing parameters upon the mechanical 
properties of silicon carbide joints. The results showed that the strength of the joints is correlated to the 
laser processing time and the temperature during the joining process. The diagram in Figure 3 shows the 
effect of time and the laser processing temperature on the mechanical properties of the joints.    
 

 
 
 

Fig. 3 Results of the four point bending tests: a) effect of time on the mechanical performance of the joints; b) effect of 
laser processing temperature on the mechanical performance of the joints. 

 
Evidence of the quality of the research:  
 
Publications 
 
Conference Paper: M.Gentile, T.Abram Innovative testing method for joints of silicon carbide tubes. 
TopFuel2015 Proceedings. In press. 
 
Future publications 
x Mechanical performance of joints of silicon carbide. Target: Journal of Nuclear Materials 
x Properties of silicon carbide joints after irradiation. Target: Journal of Nuclear Materials 
x Innovative testing methodology of silicon carbide joints. Target: Journal of Nuclear Materials 
x Autoclave tests of silicon carbide joints. Target: Journal of Nuclear Materials 
  
Other evidence of impact: We are preparing a patent in collaboration with Rolls-Royce. This part of the 
project is currently under reporting restrictions pending the filing of the patent application. 
 

MARIALUISAMarialuisa CoGENTILM 
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Fig. 2 Images of joined samples: a) lower magnification; b) higher magnification. 
 

Despite the fact that silicon carbide specimens were joined in Mittweida using a technique previously 
developed there, the laser brazing joining technique presented several issues: oxidation phenomena 
occurred during the laser joining process and cracks were generated in the silicon carbide materials due to 
laser radiation adsorption and temperature gradients. Consequently the results obtained during one laser 
joining process were never repeatable. 
 
At the end of the research visit, Dr Gentile continued to work on laser joining of silicon carbide at the 
laboratories of The University of Manchester optimising the laser processing parameters to obtain 
repeatable results. 
  
Sample of different shapes, sizes and dimensions were joined at the University of Manchester as shown in 
Fig. 3.  

 
 
 
 
 
 
 
 
Fig. 3 Silicon carbide disks joined at the University of Manchester.   
 

 
In this research project three different braze materials were used to join silicon carbide: 
 

1. The braze SAY that contains Al2O3 ,SiO2 and Y2O3 powders; 
2. The braze CA that contains Al2O3 and CaO powders; 
3. The braze SAMg that contains SiO2, Al2O3 and MgO powders; 

 
Autoclave tests showed that the braze CA is more resistant in extreme environmental conditions than the 
braze SAY and the braze SAMg. 

 
Evidence of the quality of the research: 
• Project Results were presented at the 39th International Conference and Expo on Advanced Ceramics 

and Composites (Daytona Beach (Florida) USA) 
• Conference paper: Properties of Al2O3-CaO glass joints of silicon carbide tubes Ceramics Engineering 

Science Proceedings 36 (7) 2015 In Press. 

Three	  different	  braze	  materials	  are	  
investigated:
• Braze	  SAY	  (Al2O3,	  SiO2,	  Y2O3	  powders)
• Braze	  CA	  (Al2O3	  and	  CaO powders)
• Braze	  SAMg (SiO2,	  Al2O3	  and	  MgO

powders)
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Accident	  Tolerant	  Fuel	  – Collaborations	  with	  Penn	  State	  (C3)and	  
University	  of	  Illinois	  (Zircaloy	  Cladding	  Modifications)
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Collaboration	   	  with	  Penn	  State	  -‐ (C3 program)

PlasmaTarget (Source material)
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