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Preceramic polymers enable the creation of ceramic components having complex shapes and high-

temperature stability. This has motivated research into new filler materials, which play a major role in 

determining the final thermal and mechanical characteristics of polymer-derived ceramic materials. Active 

filler materials – those that react with the decomposition products or gaseous atmosphere during pyrolysis 

of a preceramic polymer to form new, stable ceramic phases – can greatly reduce the shrinkage of the 

material during pyrolysis and the porosity in the final ceramic component. Boron silicide (B6Si) is a 

candidate filler material that is expected to react and form desirable ceramic phases during pyrolysis, but 

it has not yet been studied in depth.  

 

Thermogravimetric analysis (TGA) was selected as a method to measure mass loss at high temperatures 

in order to assess material degradation due to pyrolysis. Behavior of B6Si and Si were compared, as they 

were expected to form boron and silicon nitrides and carbides through reactions with polymer-derived 

residual carbon and the gaseous atmosphere. These phases are desirable in ceramic composites. Using 

TGA, pure powder samples of B6Si and Si were examined. Subsequently, samples containing 40 vol% of 

B6Si or Si in epoxy were tested. Although epoxy is not a preceramic polymer, it is readily available, is 

low-cost, and acts as a carbon source to study potential reactions of B6Si and Si powders. For each sample 

composition, TGA was conducted in both nitrogen and argon gaseous atmospheres. The TGA testing 

parameters included a ramp rate of 10°C/min, a maximum temperature of 900°C, and a dwell time of 60 

minutes, which were maintained throughout all runs. TGA results indicated that pure B6Si powder 

underwent a substantial mass increase on the order of 15 to 20 percent above 600°C in both nitrogen and 

argon atmospheres. However, the magnitude of the increase was lower in the presence of argon.  

 

This observation is potentially due to the formation of nitrides from a powder-gas reaction, although X-

ray diffraction is required to confirm this. During TGA of the B6Si in epoxy, a ~2% mass increase was 

observed above 650°C, which may be evidence of carbide formation as a result of a reaction between the 

filler and the gaseous remnants of the epoxy which underwent an anticipated burn-off at 400°C (Figure 

1). Lack of mass increase during TGA of Si with epoxy suggests that there is a difference in the behavior 

of the two filler materials. Future work using X-ray diffraction will determine what (if any) compounds 

have developed as a result of a reaction during TGA.  

 

Scanning electron microscopy (SEM) allowed for imaging of sample microstructures before and after 

TGA to provide evidence of structural change which would be indicative of a chemical reaction between 

the filler and polymer degradation products. Imaging of powder samples indicated some changes in 

microstructure for B6Si after TGA in both nitrogen and argon (Figure 2); however, these changes are 

dissimilar to those observed for the 40 vol% B6Si powder in epoxy after both nitrogen and argon TGA 



(Figure 3). Following TGA in nitrogen, carbonaceous remnants of pure epoxy developed no discernible 

microstructure (Figure 4), suggesting that the development of the distinctive microstructure observed in 

Figure 3 for B6Si-containing samples is a result of a reaction between the powder and the epoxy (rather 

than due to the powder or the epoxy individually). Conversely, Si samples underwent little to no 

microstructural change with or without epoxy, further demonstrating the difference between the behavior 

of the two fillers. 

 

In conclusion, the results of SEM suggest that a reaction occurred between the epoxy and B6Si powder, 

which suggests B6Si behaves as an active filler. TGA results also demonstrate mass changes which may 

indicate the formation of different compounds as products of reactions between either the pure powder 

and the gaseous atmosphere or the powder filler and epoxy. Future work will involve the use of X-ray 

diffraction to differentiate between any compounds that may form from reactions during TGA and explain 

the observed mass change behavior in both pure powder and powder/epoxy mixture samples of B6Si. 
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Figure 1. TGA curves for 40 vol% B6Si and Si in epoxy for a.) ramp and b.) dwell periods. 
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Figure 4. Pure epoxy does not 

develop a distinctive microstructure as 

a result of TGA in nitrogen. 

 


