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Introduction
The adsorption capacity of porous carbon depends significantly on its pore structure.
Consequently, it is very important to know as much detailed information as possible of
pore characteristics of porous carbon [1-4]. Thus many different kinds of methods have
been used in analyzing pore characteristics. Conventionally, the isotherm analysis of N2
adsorption/desorption has been adopted, however, in recent SAXS technique has also
been tried to analyze the pore structures [5-8]. SAXS measurements can have some
advantages in that it can provide us with the information about structure of several
orders in length scale. So, we tried in this study to compare the pore characteristics
obtained from different analysis methods, i.e. SAXS and BJH and DFT for N2 adsorption
isotherms using the four standard samples, initially distributed for the purpose of
worldwide round-robin tests for the pore structure analysis using DFT for N2 adsorption
isotherms. For the obtained SAXS data, the Porod’s law, the surface and mass fractal
analysis, and the power law were adopted to figure out the pore structures as detailed
as possible.
Experimental
The four standard samples (HP, PCO, F400 and ACF10) that were prepared for the
worldwide round-robin test of the pore structure analysis of activated carbons using the
conventional BET method and the recent DFT method were used in this study.
Small-angle X-ray scattering (SAXS) measurements were performed on a pinhole
collimated Nanostar (Bruker, Germany) operating at 40 kV and 35 mA. To investigate
scattering over a wide range of q values (q=4Ɋsinɂ/Ʌ where 2ɂ is scattering angle and
Ʌ is the wavelength), two different experimental setups were used: the sample-todetector (STD) distance was 106cm (0.05 < q < 2 nm-1) and 22cm (1 < q < 10 nm-1),
respectively, with the x-ray wavelength of 1.54184 Å. The samples were pulverized in
an agate mortar and pestle and held between two tapes attached to both side of a hole
(5-mm-diameter and 0.5 mm thick) in a brass plate. And N2 adsorption/desorption

experiments were made on ASAP2010 (produced by Micrometiric, U.S.A.) under
conventional conditions.
Results and Discussion
Figure 1 shows N2 adsorption/desorption isotherms of the samples, and Figure 2 shows
pore size distribution (PSD) obtained from SAXS data. Figure 3 contrasts the features of
each analysis method, i.e. BJH, DFT, and SAXS, in terms of pore size distribution.
For the analysis of SAXS data obtained from the two STD distance set-ups, the
scattering profiles at each STD were converted to a master SAXS profile by considering
the intensity-scaling factor calculated on the basis of the solid angle concept. For the
obtained master SAXS profiles, pore structural analyses were carried out for various
viewpoints of pore structures using appropriate functions such as the surface and mass
fractal analysis, the power law, and the Porod’s law, particularly the Porod Invariant (PI)
as shown in Eqn. (1). We considered PI in discontinuous way, i.e. range by range of q
rather than in overall continuous way, in order to calculate the porosity at a particular
pore size.
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It can be seen in Figure 3 that the overall profiles of PSD obtained from each method
are quite similar each other, but the details are somewhat different. That is, in the case
of SAXS analysis, pore size distribution tends to become broader, especially in microand mesopore region (<10nm). In contrast to BJH and DFT methods, the microporosity
is relatively under-estimated but macroporosity is over-estimated in SAXS analysis. This
phenomena may result from the followings: while nitrogen adsorption method defines
distribution curve by the amount of the adsorbed N2 gas molecules and hence by the
number of accessible pores, SAXS method considers nearly almost all kinds of pores
that show the electron density fluctuation within carbon matrix. This fact is speculated
responsible for the broader PSD profile in SAXS method than in the other methods. The
details of the analyzes are under study to have the more precise pore structure from the
combined analyzing techniques.

500

500

PCO

Volume Adsorbed (cm /g)

400

3

3

Volume Adsorbed (cm /g)

HP

300

200

100

0

0.0

0.2

0.4

0.6

0.8

400

300

200

100

0

1.0

500

0.6

0.8

1.0

500
F400

Volume Adsorbed (cm /g)

ACF10

3

400

300

200

100

0

0.4

0.0

0.2

0.4

0.6

0.8

400

300

200

100

0

1.0
o

0.0

0.2

0.4

0.6

0.8

Relative Pressure (P/P )

Figure 1. N2 adsorption/desorption isotherms
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Figure 2. Pore size distribution calculated from SAXS data

Figure 3. Comparison of Pore Side Distribution of (a) HP, (b) PCO (c) F400, (d) ACF10.

Acknowledgements
This work was financially supported by Korea Science and Engineering Foundation
(KOSEF) through Hyperstructured Organic Materials Research Center (HOMRC) at
Seoul National University (SNU).
References
[1] Yun CH, Park YH, and Park CR, Carbon 2001, 39, 559-567.
[2] Oh GH, Park CR, Fuel 2002, 81, 327-336.
[3] Kim MI, Yun CH, Kim YJ, Park CR, and Inagaki M, Carbon 2002, 40, 2003-2012.
[4] Yun CH, Park YH, Oh GH, and Park CR, Carbon 2003, 41, 2009-2025.
[5] Ehrburger-Dolle F, Morfin I, and Geissler E, Langmuir 2003, 19, 4303-4308.
[6] Lozano-Catelló D, Raymundo-PiĖero, Cazorla-Amorós D, Linares-Solano A, Müller
M, and Riekel C, Carbon 2002, 40, 2727-2735.
[7] Cohaut N, Blanche, C, Dumas D, Guet JM, and Rouzaud JN, Carbon 2000, 38,
1391-1400.
[8] Gökhan ùenel ø, Güniz Gürüz A, and Yücel H, Energy & Fuels 2001, 15, 331-338.

