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MOTIVATION	
  
	
   	
  Concerning	
  the	
  assembly	
  of	
  future	
  fusion	
  machines	
  such	
  as	
  ITER	
  and	
  DEMO,	
  the	
  choice	
  of	
  material	
  for	
  RF	
  windows	
  and	
  different	
  antenna	
  
supports	
  and	
  insulators	
  for	
  the	
  heating	
  systems	
  and	
  for	
  diagnostics	
  is	
  an	
  unresolved	
  issue.	
  	
  
	
   	
  The	
  materials	
  to	
  be	
  used	
  should	
  have	
  low	
  permittivity,	
  very	
  low	
  loss	
  tangent	
  (tan δ	
  between	
  10-­‐6	
  and	
  10-­‐3),	
  high	
  mechanical	
  strength,	
  high	
  
thermal	
  conductivity	
  and	
  radiation	
  resistance.	
  Alumina	
  ceramic	
  is	
  one	
  of	
  the	
  main	
  reference	
  materials	
  for	
  these	
  systems	
  [1][2].	
  However,	
  the	
  
manufacturing	
  process	
  plays	
  a	
  crucial	
  role	
  in	
  determining	
  the	
  dielectric	
  properties	
  of	
  the	
  alumina	
  with	
  respect	
  to	
  the	
  frequency	
  dependence	
  
and	
  their	
  relationship	
  with	
  the	
  microstructure	
  or	
  impurity	
  contents.	
  	
  
	
  	
  Therefore,	
  there	
  is	
  the	
  need	
  to	
  undertake	
  a	
  joint	
  effort	
  with	
  the	
  industry	
  in	
  order	
  to	
  validate	
  a	
  standard	
  manufacturing	
  route	
  that	
  ensures	
  a	
  
continuous	
  supply	
  of	
  ceramic	
  material	
  with	
  homogeneous	
  and	
  standardized	
  dielectric	
  properties	
  for	
  the	
  fusion	
  machines.	
  

MEASURING	
  METHODS	
   SAMPLES	
  

• 1kHz	
  to	
  100MHz	
  (discrete	
  points)	
  
-­‐>	
  Half-­‐power-­‐gap	
  variation	
  
method	
  (Japan	
  DPMS	
  1000)	
  [3]	
  
-­‐>	
  room	
  temperature,	
  N2	
  
atmosphere	
  (eliminate	
  surface	
  
moist)	
  
	
  
• Upper	
  frequencies	
  (GHz)	
  	
  
-­‐>	
  closed	
  cylindrical	
  resonant	
  
cavity.	
  	
  
	
  
• The	
  dielectric	
  properties	
  are	
  
obtained	
  from	
  the	
  comparison	
  of	
  
the	
  characteristics	
  of	
  the	
  
resonance	
  with	
  and	
  without	
  the	
  
sample	
  inside	
  the	
  resonator.	
  	
  
	
  
• Permittivity	
  error	
  <	
  	
  0.1%	
  	
  
	
  
• Loss	
  tangent	
  error	
  <	
  10%	
  down	
  
to	
  values	
  around	
  10-­‐5.	
  	
  

• Supplier	
  -­‐>	
  Nanoker	
  Research	
  
S.L.,	
  industrial	
  partner.	
  
	
  
• Same	
  initial	
  powder	
  mixture.	
  
	
  
• 	
  Different	
  manufacturing	
  routes	
  
-­‐>	
  Spray	
  Dried	
  
-­‐>	
  Spray	
  Dried	
  New	
  Route	
  
-­‐>	
  Strained	
  
	
  
• Each	
  set	
  of	
  samples	
  are	
  cut	
  out	
  
from	
  a	
  single	
  rod.	
  	
  
	
  
• Circular	
  samples	
  of	
  2mm	
  and	
  1	
  
mm	
  thick	
  and	
  30mm	
  diameter	
  
are	
  used.	
  
	
  
• Samples	
  have	
  to	
  be	
  properly	
  	
  
parallel	
  polished.	
  

RESULTS	
  

FUTURE	
  WORK	
  
• Continue	
  the	
  dielectrical	
  characterization	
  of	
  alternative	
  
manufacturing	
  routes	
  and	
  emphasize	
  on	
  sample	
  traceability.	
  
• Irradiate	
  the	
  samples	
  with	
  electrons	
  and	
  neutrons	
  at	
  different	
  
fluences	
  to	
  analyze	
  relevant	
  radiation-­‐induced	
  effects	
  (RIC,	
  tan	
  δ	
  	
  	
  
degradation)	
  [4][5]	
  
• Establish	
  an	
  industrial	
  manufacturing	
  route	
  that	
  complies	
  with	
  
the	
  requirements	
  for	
  fusion	
  applications.	
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It	
  can	
  be	
  seen	
  that	
  changes	
  in	
  the	
  manufacturing	
  route	
  can	
  enhance	
  or	
  undermine	
  the	
  dielectric	
  properties	
  of	
  the	
  ceramic	
  samples.	
  For	
  the	
  
tested	
  routes	
  there	
  is	
  still	
  not	
  	
  enough	
  uniformity	
  of	
  the	
  dielectric	
  properties	
  between	
  the	
  samples	
  from	
  the	
  same	
  batch.	
  The	
  homogeneity	
  
and	
  reproducibility	
  conditions	
  of	
  a	
  single	
  manufacturing	
  route	
  have	
  not	
  been	
  still	
  achieved.	
  


