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For the last decades Polymer-Derived Ceramics (PDC) were studied due to their outstanding 

properties, e.g. high strength, high creep, oxidation and corrosion resistance and stability against 

crystallization as well as decomposition [1]. Therefore, these ceramics are promising materials for 

widespread applications, including high strength fibers, coatings, ignition plugs, MEMS devices, as 

well as anode materials for lithium-ion batteries [2]. These properties are attributed to a unique 

microstructure of the PDCs, which can only be obtained by thermolyzing polymeric precursors. The 

compositions of the ceramics can be tailored by changing the architecture and chemistry of the used 

precursor. But the microstructure and their crystallization behavior in the amorphous ceramics (up to 

1400°C) are still not completely understood.  

The Pair Distribution Function (PDF) is a powerful technique to investigate the short range order 

(SRO) in already established for example in X-ray or neutron diffraction but the advantage of the 

PDF from electron diffraction is that a very small sample volume can be analyzed in conjunction 

with the corresponding image information (HRTEM). Therefore, the analysis of the SRO in these 

amorphous PDC ceramics is carried out by means of PDF from electron diffraction in the TEM. 

 

The microstructures of the polymer-derived ceramics are strongly dependent on the material system, 

the characteristics of the used precursors, and the processing conditions [3-5]. The PDF technique is 

used for a better understanding of the crystallization behavior of these ceramics. By now, it is known 

that the onset of crystallization in boron-containing ceramics is shifted towards higher temperatures; 

While a high amount of carbon inhibits the formation of nanodomains in the system, even small 

boron contents influence remarkably the resulting microstructure in the final ceramic as it can be 

seen in Figure 1 a,b. Likewise, the bonding distances in the amorphous ceramic at 1400°C, shown 

with the Pair Distribution Function (Fig. 1c), reveal to be shorter in the boron-containing counterpart. 

The relationship between the molecular architecture and chemistry on the amorphous nature of the 

pre-ceramic and, in addition, its influence on the resulting crystallization behavior will be discussed.  

 

For a proper analysis a calculated structure of the possible atomic arrangement is needed to be 

compared with the experimental data. Therefore, the simulated structure model has to be used to 

calculate a kinematical diffraction profile so that all related parameters from the experiment can be 

taken into account. It should be noted that the experimental PDF are compared to calculated PDFs 

obtained from structure models by Density Functional Theory (DFT) simulation. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. a) BF TEM micrograph of the SiCN ceramic annealed at 1700°C; b) BF TEM micrograph 

of the SiBCN ceramic annealed at 1700°C, in comparison it is obvious that the resulting crystal-size 

differs significantly only by adding 3 wt.% boron; c) the resulting Pair Distribution Function from 

SiCN and SiBCN ceramics annealed at 1400°C already shows shorter bonding distances. 
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