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Introduction
Porous carbon materials are applied widely in industry.
Activated carbon for example is used as an active or inert
support for catalysts since decades. A relatively new class of
carbon materials are the so called carbide-derived Carbons
(CDC) [1, 2]. Carbide-derived carbons are obtained by the
selective extraction of the metal from a carbide in a chlorine
containing gas. Due to the thermodynamic stability of the
metal chlorides the carbon remains as a solid [2]. Depending
on the carbide the etching is carried out at temperatures in the
range of 400 °C to 1200 °C. Among the large number of
carbides used to process CDCs a widely used precursor is SiC.
The general reaction equation of SiC with chlorine is:
(1)

SiC(s)  Cl2 (g)  SiCl4 (g)  C(s)

The CDC-materials offer large specific surface areas up to
2000 m2 g-1 which can be increased by additional activation
[3]. The pores of the CDC materials are mainly in the region
of micropores according to IUPAC nomenclature and can be
adjusted by the conditions of the CDC process [1, 4]. Thereby
the temperature of chlorination and the choice of precursor
carbide offer the possibility to tune the resulting pore size.
Several applications for these new CDC-materials are
studied at present such as catalysis, gas storage or membranes.
Using CDC-materials as catalyst support, it can be assumed
that the narrow pore size distribution can induce shape
selectivity [5].
Intention of the work
Ceramic foams consisting of SiC where chlorinated to
achieve a carbon foam with a hierarchically structure. The
carbon foam combines the advantages of the CDC-materials
such as high specific surface areas and tunable pore sizes with
the high thermal conductivity and low pressure drop of
monolithic catalysts if compared to a fixed bed.
These aspects should make them to an interesting support
for catalysts. By variation of the chlorination time, different
layer thicknesses of CDC on top of the remaining carbide
result. The schematic process route from the SiC precursor to
a carbon foam with nonoporosity is shown in Fig. 1.

Fig. 1: Process route from carbide foam to hierarchically
structured carbon foam.
Experimental
SiC ceramic foams (Frauenhofer IKTS, Germany) with
two different porosities (10 pores per Inch,  = 0.62 and 45
pores per Inch,  = 0.92) where chlorinated at a temperature of
1000 °C in a horizontal tubular furnace.
The conversion of the carbide was determined gravimetric
by balancing the sample before and after chlorination. The
chlorination was carried out under constant gas velocity (u =
1.5 cm s-1) and chlorine concentration (cCl2 = 1.0 molCl2 m-3,
diluted in He). The chlorination time varied from 30 min to
435 min for the 10 PPI foam and from 15 min to 60 min for
the 45 PPI foam respectively.
The specific surface areas as well as the pore size
distributions of the CDC-materials where determined by N2and CO2-sorption measurement (Quantachrome QuadrasorbSiMP and Nova 4200e). The evaluation of the sorption
measurements was carried out using the NL-DFT model for
carbons (software QuadraWin 4.01 and NovaWin 10.0) for
pore size distribution as well as multipoint-BET (Brunauer,
Emmett, Teller) for the specific surface area.
The mechanical stability of the samples was determined
by compression tests on an Instron 5565 universal testing
machine. Therefore the SiC foams were cut into equal blockshaped samples before chlorination. For the characterization
of the samples the braking stress was taken from the
measurements as a number for the mechanical stability.
Results and Discussion
Fig. 2 shows the development of the conversion at
different chlorination times for both foams. Assuming the
same mass depended rate approach, the reaction progress of
both foams can be calculated using a first order power law (a
semi batch-wise operated cascade model was used). The
constant of the first order reaction rate was determined for
both foams together using the least squares method.
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Fig. 2: Conversion vs. time for the two different SiC foams.
Small amounts of the 45 PPI foam material have been
chlorinated to different conversions. Afterwards N2-sorption
measurements were performed to determine the specific
surface area as a function of the conversion. The development
of the surface area is shown in Fig. 3 and matches the theoretic
one [6].
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Fig. 4: Breaking stress from compression tests for different
degrees of conversion.
Conclusion
We could show that the synthesis of porous carbon
foams via the CDC-method is possible. The specific surface
areas as well as the pore size distribution are in the expected
range. Compression tests show a clear connection between
mechanical stability and conversion as well as specific surface
area respectively.
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Fig. 3: Specific surface area from BET and NL-DFT
evaluation of N2-sorption measurements for the 45 PPI foam.
The fit was done according to Becker et al. [8].
The poresize distribution of the CDC-material obtained
from the SiC foams was evaluated from N2 and CO2-sorption.
No mesopores and a typical trimodal micropore distribution
for SiC derived carbon is seen.
As a quantity for the mechanical stability the breaking stress
was measured for samples with different degree of conversion.
In Fig. 4 one can see that a coherent decrease in the breaking
stress is obtained which indicates that an optimization
depending on the application is possible and required.
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