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Linking	
  Thermodynamics	
  &	
  Kine8cs	
  

D=ga2CvΓ          Cv=exp(ΔSf/k)(-­‐ΔHf/kT)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Γ=ν*exp(-­‐ΔHm/kT)	
  
γ=ρ[RTln(gab2νb*/gκlal2νl*)-­‐T(ΔSf,l-­‐ΔSf,b)+(ΔHf,l-­‐ΔHf,b)+(ΔHm,l-­‐ΔHm,b)]	
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10 micron 

	
  
Δγ=Δρ[RTln(gaI2νI*/gκIIalI2νlI*)-­‐T(ΔSf,I-­‐ΔSf,II)+(ΔHf,I-­‐ΔHf,II)+(ΔHm,I-­‐ΔHm,II)]	
  

Simplifying	
  Assump8ons:	
  Δγ=Δρ[-­‐T(ΔSI-­‐ΔSII)+(ΔHI-­‐ΔHII)]	
  

Comparing	
  Complexions	
  (ΔH	
  &	
  ΔS)	
  

Need	
  Db	
  not	
  Mb	
  

Approach:	
  

Check:	
   γ=ρ[RTln(gab2νb*/gκlal2νl*)-­‐T(ΔSl-­‐ΔSb)+(ΔHl-­‐ΔHb)+(PΔVl-­‐PΔVb)]	
  



Pelleg	
  Phil.	
  Mag.	
  (1966)	
  

Early	
  Tests	
  of	
  Borisov	
  Model	
  



Sample	
  Prepara8on	
  and	
  Tes8ng	
  
Raw	
  Data	
  

RBS	
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Calibra8on	
  



1 µm

Bi-­‐doped	
  Ni	
  

Low	
  Temperature	
  300oC	
   High	
  Temperature	
  700oC	
  



Cu diffusion into Ni and Ni-Bi (GB doped) samples  

Cu	
  diffusion	
  into	
  Bi	
  doped	
  Ni	
  Matrix	
  

Bi/Ni(counts)	
  =	
  0.009	
  

Bi/Ni(counts)	
  =	
  0.003	
  

ΔS~4k	
  (assuming	
  all	
  entropy)	
  



Cu	
  diffusion	
  into	
  Bi	
  doped	
  Ni	
  Matrix	
  

ΔS~4k	
  (assuming	
  all	
  entropy)	
  

Olmstead	
  et	
  al.	
  Acta	
  Mater.	
  (2009)	
  

ΔS~4k	
  (assuming	
  entropy	
  only)	
  
Δγ~0.3-­‐0.5	
  J/m2	
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  et	
  al.	
  JACerS	
  2010	
  



Comparison	
  with	
  Other	
  Samples/Systems	
  

Thin	
  Film	
  Ni-­‐Bi	
  (Illinois)	
  

Bulk	
  Ni-­‐Bi	
  (Illinois)	
  

Thin	
  Film	
  Cu-­‐Bi	
  (Illinois)	
   500oC	
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900oC	
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(Lehigh)	
  



	
  
Δγ=Δρ[RTln(gaI2νI*/gκIIalI2νlI*)-­‐T(ΔSf,I-­‐ΔSf,II)+(ΔHf,I-­‐ΔHf,II)+(ΔHm,I-­‐ΔHm,II)]	
  

Simplifying	
  Assump8ons:	
  Δγ=Δρ[-­‐T(ΔSI-­‐ΔSII)+(ΔHI-­‐ΔHII)]	
  

Experimental	
  Approach	
  

Need	
  Db	
  not	
  Mb	
  

Approach:	
  

Measure	
  Diffusivity	
   Measure	
  Rela8ve	
  Energy	
   Measure	
  Therm.	
  Cond.	
  



Interfacial	
  Thermal	
  Conductance	
  -­‐	
  Approach	
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Misorienta8on	
  Effect	
  on	
  Kapitza	
  Resistance	
  

*Smith	
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  (2003)	
  	
  



Comparison	
  with	
  Read-­‐Shockley	
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Cao,	
  JAP	
  (2012)	
  

T.C.	
  &	
  Grain	
  Boundary	
  Defects	
  (Graphene)	
  



Future	
  Work:	
  Doped	
  Bicystals	
  &	
  Complexions	
  

Nakano,	
  JECerS	
  (2003)	
  Kinoshita,	
  Acta	
  Mater.	
  (1997)	
  



Oxygen	
  LaXce	
   Doped	
  Oxygen	
  LaXce	
   Oxygen	
  Grain	
  Boundary	
  

Heuer,	
  JECerS	
  (2008)	
  

Oxygen Diffusion in Al2O3 



Preliminary Tracer Diffusion   



Preliminary Lattice Diffusion   

Paladino	
  Kingery	
  (1962)	
  =>	
  Dal=1.7x10-­‐22	
  m2/s	
  at	
  1100oC	
  (Extrapolated	
  from	
  1670oC)	
  
Moya	
  et	
  al.	
  (1995)	
  =>DCr=1.1x10-­‐21	
  m2/s	
  at	
  1100oC	
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Preliminary	
  Al2O3	
  Diffusivity	
  Results	
  



Conclusions	
  
•  Kine8cs	
  indicate	
  G.B.	
  complexion	
  transi8on	
  in	
  
Ni-­‐Bi	
  system	
  (similar	
  Cu-­‐Bi)	
  
– Kine8cs	
  indicate	
  significant	
  entropy	
  contribu8on	
  

•  Kapitza	
  resistance	
  scales	
  with	
  G.B.	
  energy	
  for	
  
low	
  angle	
  boundaries	
  

•  Preliminary	
  results	
  suggest	
  ca8on	
  diffusion	
  
(G.B.	
  and	
  laXce)	
  not	
  strongly	
  sensi8ve	
  to	
  
complexions/dopants	
  


