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Carbon-carbon (C-C) composites consist of highly ordered graphite fibers embedded in a carbon 
matrix with an open pore structure that is developed during processing. They are produced by 
building up a carbon matrix on a fiber preform through a series of impregnation and pyrolysis steps. 
The pore structure, which is inherent in C-C composites, changes during each processing step. 
Microstructural observations will include: 1) SEM backscatter (BSE) images of the microstructures. 
2) SEM line scan analysis of  the porosity.  3) Mercury intrusion results on the pore structure.   

The porous C-C samples were mounted in a liquid Bi-Sn alloy at 145oC and 8ksi, and cooling the 
mount while maintaining the pressure[1].  This mounting technique, which fills open porosity larger 
than  20nm, allows C-C samples to be ground and polished by standard methods where diamond 
paste is used for final polishing. Argon ion etching may be used, if needed, to remove flowed layers 
from the polished sections. BSE imaging can then be applied to examine the microstructures, as 
illustrated in Figures 1 and 2, which show both the macro and micro-scale porosity that is observed.  

Processing steps for the C-C composites examined are listed in Table 1, along with stereological 
estimates of the volume fraction(Vv) of open porosity, and mean chord length within the pores. 
These estimates were obtained via line scan analysis using a computer controlled SEM. The two 
different values for mean chord length were obtained from line scans perpendicular and parallel to 
the direction of the fiber weave. These two values indicate the extent of anisotropy that was 
observed in the pore size measurements. Estimated values for average density of the solid carbon 
phases, which were obtained from apparent density and the estimated solid Vv (1-Vv(pores)), are 
also listed in Table 1.   

Chord length distributions were also obtained from line scan data on the open porosity. An example 
of a measured chord length distribution is provided in Figure 3 for the pyrolized sample. Chord 
length distribution functions have recently been discussed in terms of their basic importance in 
transport problems[2], and in 3-d reconstruction of porous media[3]. Pore size distributions were 
also obtained from mercury intrusion results on the C-C composites[4]. These results, which are 
presented in Figure 4, illustrate how the fine porosity that was created during carbonization (shown  
in Figure 1) evolves through the remaining processing steps.  
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Sample

 
Table I  = Processing Treatment

 
Vv(pores)

 
% 

MFP  m      
           

 
Solid Density     

gm/cc 

GAC38 Phenolic resin in Carbon Fiber Preform 27 ±5 53 ±5 30 ±2

 
1.80 ±0.1 

GAC39 Carbonize @540oC in Controlled atm. 40 ±4 39 ±2 16 ±1

 
1.85 ±0.1 

GAC40 Pyrolysis @2200oC in Controlled atm. 54 ±4 51 ±3 37 ±2

 

2.1 ±0.1 

GAC41 1st CVD from hydro-carbon gas. 44 ±3 48 ±2 37 ±2

 

2.1 ±0.1 

GAC42 2nd CVD from hydro-carbon gas 33 ±3 32 ±2 21 ±1

 

2.0 ±0.1 

GAC43 Final Pyrolysis @2100-2200oC 41 ±3 38 ±2 25 ±1

 

2.1 ±0.1 
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