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Abstract 

A work based on the development of a new process for the fabrication of a C/C composite for 

aeronautic and aerospace industries, in order to reduce the infiltration duration of the carbon 

preform, is reported in this paper. The infiltration of a carbon fibrous preform by the mean of 

a hydrocarbon in the supercritical fluid state is done at high temperature in order to get a 

carbon matrix. The microstructure of the pyrocarbon coating is characterized by optical 

microscopy. The experimental parameters (temperature, hydrocarbon pressure, residence 

time) are tuned in order to elaborate the carbon matrix. The best conditions lead to a rapid 

densification in-depth from the top of the preform. After several experiments, the densification 

has been improved. 

 

 

1 Introduction  

Ceramic Matrix Composites are developed for aeronautic and spatial applications [1-2] for 

their refractoriness and their low density. These composites are usually get by a long 

infiltrating step of a weaved preform by Chemical Vapor Infiltration (CVI) using a 

hydrocarbon precursor as the propane for example [1]. However, the CVI-step is a rather long 

process which is a huge drawback. As a result, the manufacturing cost of these composites is 

very expensive. In order to reduce the cost, other processes can also be employed to get the 

matrix, as liquid phase routes with mineral charges [3-8].  

In this paper, we explore an original and new densification process in order to elaborate a 

Carbon/Carbon (C/C) composite: the Chemical Supercritical Fluid Infiltration. A supercritical 

fluid is a substance at a temperature and pressure above its thermodynamic critical point. Its 

properties are simultaneously those of gases and liquids [9]. Indeed, it has the unique ability 

to diffuse through porous solids like a gas, and to dissolve materials like a solvent. This 

combination of the solvent ability and the high diffusivity should enable a rapid infiltration 

and a good densification of the porous preform. 

 

 

2. Materials and experimental procedures 

Two types of materials are used: (i) graphite pipes used as a substrate for kinetic studies of the 

deposition rate, and (ii) porous carbon fibrous preforms 3D for infiltration study. The graphite 

pipe (diameter 0.6 cm) is located inside the preforms. The preforms (length 2 cm, diameter 

1.5 cm) possess open porosities around 77%. 
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A cold wall reactor schematic represented in figure 1, is used at high pressure, in batch flow. 

It is made of inconel alloys. The graphite pipe is heated, using the Joule effect. The 

temperature is measured by a thermocouple located inside the graphite pipe protected by an 

alumina tube. 

 

 

 

 

 

 

 

 

 
Figure 1. Schematic representation of the cold wall reactor. 

 

The carbon films or matrix are elaborated using the methane as the hydrocarbon precursor. 

The kinetic of the carbon deposit can be studied by modifying the values of the residence time 

of the methane. The other parameters (initial pressure, initial temperature) are kept constant. 

The temperature selected for each samples is 950°C, with an initial pressure of 50 bars, in 

these conditions the methane is in its supercritical conditions (Tcritical = -82.6°C and Pcritical = 

46 bar). 

For kinetic studies of the deposition rate, thin films are performed on the graphite pipes from 

2.5 to 20 minutes of deposition. 

  

(*) For each step, the vessel is evacuated and then feed  

with the methane precursor at a constant pressure of 50 bar. 

Table 1. Infiltration conditions of the 3 D carbon preforms.  

 

samples temperatures (°C) durations (min) conditions 

A 950 60 One step infiltration 

   Semi-continuous feeding 

B 950 10 Step 1(*) 

950 10 Step 2 

950 10 Step 3 

1050 10 Step 4 

1050 2 Step 5 

ZOOM 

thermocouple 

Graphite pipe 

TOP : 950°C 

BOTTOM : 800°C 
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The duration selected (cf. Table 1) for one step infiltration of the carbon matrix texture 3 D, is 

fixed to 60 minutes.  

Another experiment with several steps of infiltration, described table 1, is used to improve the 

matrix densification, with an initial pressure of 50 bar. 

The polished cross sections of thin carbon films or matrix are observed with an optical 

microscope, (Reichert-Jung MEF3). 

 

 

3. Results and discussion 

 

3.1 Pyrocarbon coating on a graphite pipe 

With the variation of the residence times, it is possible to reach an important thickness of 

pyrocarbon: from 3µm to 30 µm for 2.5-5 minutes and 10-20 minutes respectively. It 

confirms the interest to work using a supercritical fluid, by comparison, several hours are 

necessary to reach the same thickness with the CVI-process [10]. 

The thickness of the pyrocarbon coating varies significantly along the pipe due to a presence 

of a temperature gradient (figure 2). The temperature is a particularly a significant and 

sensitive parameter. 

 

 

 
 

 
Figure 2. Influence of the gradient temperature of the graphite pipe on the pyrocarbon thickness.  

 

 

The texture of the pyrocarbon coating is similar to the one elaborated with CVI-process (cf. 

Figure 3). Pyrocarbon thin film is distinctively characterized in cone-like growth structure 

[11]. 

In order to demonstrate the feasibility to perform a pyrocarbon thin film with a hydrocarbon 

precursor in supercritical state, carbon preforms have been densified with the same protocol. 

 

 

 

 

 

Bottom Top graphite pipe (cm) 

Pyrocarbon 

thickness 

(µm) 
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Figure 3. Cross section of a pyrocarbon layer deposited on the carbon pipe  

(pyrocarbon elaborated with 20 minutes of residential time). 

 

 

3.2 Infiltration of the pyrocarbon matrix into a fibrous preform 

The influence of the hydrocarbon precursor residence time during the matrix infiltration is 

studied. The temperature and the initial pressures are fixed at 950°C and 50 bars respectively.  

 

These first experiments show a good densification (infiltrated of 0.5 min depth of the 

preform) for a short residence time (10 minutes). However, as it could be observed on the 

sample performed with residence time of 60 min, the densification is not complete (Figure 4). 

Various pores are present between some fibers even on the surface of the preform. 

 

   
 

Figure 4. Cross sections of the infiltrated of C/C composite with a residence time of 60 min, at different scale. 

 

The cross sections observations show a densification thickness of 1.5 mm in the depth of the 

preform with a residence time of 60 minutes (against 0.5 mm with 10 minutes). Consequently, 

with this experiment, the densification is significantly improved to the first one, but a lot of 

porosities are presents in the matrix. However, the pyrocarbon thin film is homogeneous in 

thickness and adherent to the fiber. 
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6 mm 
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graphite 

pipe 

Pyrocarbon 
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cone growth 

20 µm 

Pyrocarbon 
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Porosity 
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In order to improve the densification, other experiments are performed, using the semi 

continuous feeding reactor (table 1). Five steps of infiltration have been done, equivalent to 

42 min for the residence time. The change in the temperature between the step 3 and 4 was 

done in order to introduce the pyrocarbon at low temperature inside the preform, and to finish 

the densification at high temperature, in order to fill the porosities.  
 

The matrix densification using the semi continuous feeding of the reactor has been improved. 

After these five steps, the density of the sample increased of to 90% by this way. Whereas it 

varies from 41% and 43% for one batch of 10 minutes and 60 minutes respectively. It is 

possible to compare the cross sections of the figure 3 and 4, and to observe an improvement 

of the infiltration with the semi continuous feeding reactor. A good densification thickness of 

1.5 mm in the depth of the preform is observed. A pyrocarbon coating is observed around 

each fiber until 2.5 mm in-depth of the preform (figure 5). 

 

  
 

Figure 5. Cross section of sample realised with the five steps described in table 1. 

 

 

4. Conclusion 

The objective of this study was to demonstrate that a pyrocarbon coating could be deposited 

around each carbon fibres within a 3D carbon preform with a methane precursor in its 

supercritical state. A device has been set up for this purpose alloying to work under a pressure 

of 50-100 bar at 950-1050°C for less than one hour of infiltration. According to the 

experimental parameters chosen the infiltration depth of the preform could reach 1.5 mm and 

a pyrocarbon coating is observed around each fiber until 2.5 mm in-depth. The results were 

interesting, however other experiments have to be conducted in order to get a full infiltrated 

preforms if necessary.  
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