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 Introduction 
 Active brazing of diamonds is an important technology for the  
   production of high performance grinding tools. 
 In general, brazing with active filler metals like Cu-Sn-Ti or Ag-  
  Cu-Ti based alloys is used for producing metal-ceramic joints.  
 The joint properties are strongly influenced by the interface  
  reactions between the filler metal and the diamond. 
 In this work, the interfaces between diamond (100) planes and  
   CuSnTi and AgCuTi filler metals were investigated using TEM.  

 DFT Calculation Results 
 We exploit the following formula that connects the interfacial  
   free energy to the work of separation and to the surface  
   energies of the single phases /Feng et al., PRB 72, 115423 (2005)/ 
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   and the corresponding interfacial energies  
 

 

   show a clear preference for the Cu/Diamond interface. 
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 δ: grain boundary thickness (0.5·10-10 

m)  
 d: grain size (25·10-6 m) 
 ρ: dislocation density  
 b: Burgers vector (1·10-10) 

 Fig. 1: TEM - (100)-Diamond-AgCuTi interface (left) and EDX  
element mapping (right; yellow: TiC, red: Cu, green: diamond) 

 To explain this finding we perform atomistic large scale DFT  
  simulations to estimate the energetics of the concurring  
  interfaces TiC(100)/Diamond(100) and Cu(100)/Diamond(100). 
 DFT simulations were performed with the cp2k package  
   /http://www.cp2k.org/  with the mixed gaussian and plane wave 
  scheme (Goedecker-Teter-Hutter pseudopotentials and PBE  
  exchange and correlation functional). 
 To compute unbiased surface and interface energies we    
  employed large simulation cells, namely 50 atoms per layer  
  (corresponding to 5x5 unit cell) for Cu and diamond, and 64  
  atoms per layer (corresponding to 4x4 unit cell) for TiC. 9 layers  
  of diamond and 4 layers of TiC were appropriately combined to  
  generate the simulation slabs encompassing a maximum of 706  
  atoms. 
 

 
 

 
 

 

 We observed a TiC layer which grows as a function of time and  
   temperature /Klotz et al., Mater. Sci. Eng. A 495 (2008) 265/. 
 More strikingly, we observed a coherent Cu layer in contact with   
   the (100)-Diamond interface. 
 A stable solid-solid interface between Cu and diamond has not  
  been previously reported in literature.  
 
 

Fig. 2: Lateral detail of the equilibrium geometry of the two optimized 
Cu(100)/Diamond(100) (left) and TiC(100)/Diamond(100) interfaces. Tan, white and gray 
spheres correspond to Cu, Ti, and C atoms, respectively. The lattice parameter matching 
is almost perfect in the case of Cu/Diamond, whereas in the case of TiC the strong 
chemical bonding between C atoms at the interface is not able to energetically 
counterbalance the unfavorable matching effect. 

 Kinetic modeling and simulation 
 Kinetic simulations of the TiC layer growth in CuSnTi alloy were  
   performed using Dictra V26. 
 Moving solid-liquid interface with boundary conditions 
    Constant composition of TiC of 49 at.% 
    Reference state for activity of C is graphite 
 Assessment of mobility in fcc-TiC /Wang et al, Calphad XXXIX, Jeju,  
   2010/ 

 Grain boundary and dislocation assisted diffusion. 
 
 
 
 

 
 Good agreement between calculated results and  measured TiC  
   layer thickness from /Klotz et al., Mater. Sci. Eng. A 495 (2008) 265/.  

 

 

 Fig. 3: Schematic of moving solid-liquid interface (left); calculated vs. measured TiC 
layer thickness as function of brazing temperature with CuSnTi alloy for 10 min 
(right). 
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