
Precursor-‐Derived	  Nanostructured	  Si-‐C-‐X	  Materials	  	  
for	  MHD	  Electrode	  Applica<ons	  

Chemical	  Bonding	  :	  XPS	  	  

What’s	  next?	  	  

Introduc<on	  and	  Project	  Goals	  
•  Develop	  a	  novel	  class	  of	  SiC	  based	  ceramic	  	  

composite	  materials	  with	  tailored	  
composi7ons	  for	  channel	  electrode	  
applica7ons	  in	  MHD	  generators.	  

 
•  Control	  and	  understand	  the	  effect	  of	  the	  

nature	  of	  excess	  carbon	  in	  SiC	  on	  the	  
structural	  and	  electrical	  proper7es.	  	  
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R:	  	  	  -‐CH3,	  	  
	  	  	  	  	  	  	  -‐C6H5,	  	  
	  	  	  	  	  	  	  -‐CH=CH2	  
	  	  	  	  	  	  	  	  	  	  	  ....	  

Material	  Processing	  and	  X’talliz<on	  

Structure	  and	  Morphology	  	  :	  SEM
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Background	  Informa<on	  
MHD-‐Principle	  	  	  	  

Electrodes subjected to:  
    • extremely high temp. 
    • harsh environment 
    • electrical arcing  
    Ionized gas plasma 

DC out 

Polymer-‐Derived	  Ceramics	  (PDCs)	  

•	  Availability	  of	  a	  wide	  	  variety	  of	  precursor	  polymers	  	  
•	  An	  aVrac7ve	  approach	  to	  make	  in-‐situ	  composites	  
•	  SiC:	  high	  temp	  semiconduc7ng	  material	  
•	  Excess	  C	  in	  SiC	  (C:SiC)	  creates	  conduc7ve	  path?	  

Starfire®	  SMP-‐10	  
 
 
 
 
 

Modification of Polymer   

Crosslinking 
Precursor in furnace to 400˚C  

Hot Pressing 
Result in different microstructure 

Milling 
 in glove box for 30 min. 

Pyrolysis 
in controlled env. to 1000˚C 

Attrition Milling 
400 rpm, 2 hours with hexane 

 x(B10H14)	  + +  y(DVB)	  
DVB= Divinylbenzenez 

H2 

T> 1100˚C                            

 x’tallization 

β-SiC 

Inter-granular and polished surface 

•	  XPS	  analysis	  of	  “Inter-‐granular	  fracture	  surfaces”	  
•	  Comparison	  with	  “Graphene	  grown	  on	  6H-‐SiC	  (GR/SiC)”	  

•  Excess	  carbon	  is	  present	  in	  intergranular	  boundary	  in	  the	  
form	  of	  graphi7c	  carbon.	  	  

•  Boron	  addi7ve	  is	  forming	  Boro-‐Silicate	  glassy	  film	  in	  the	  
grain	  boundary	  serving	  as	  a	  sintering	  agent.	  

•  Si	  2p	  peaks	  (from	  commercial	  polycrystalline	  and	  single	  
crystal)	  shie	  to	  lower	  binding	  energy	  due	  to	  spuVering.	  

T> 350˚C:  
vitrification  

Measure:	  	  
•  Electrical	  conduc7vity	  at	  high	  T.	  
•  Thermionic	  emission	  proper7es.	  
	  

Integrated	  Exp.	  Approach	  
•  Total	  current	  and	  kine7c	  energy	  
distribu7on	  of	  thermionic	  	  
emission.	  

•  Workfunc7on	  measurement	  
•  Plasma	  exposure	  
•  Seed	  deposi7on	  
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