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Small angle X-ray scattering (SAXS) can provide quantitative information on internal surface areas,
porosity, particle size, void size distributions, surface roughness and fractal dimension of surfaces,
interfaces and particles and aggregate structures. Applied in-situ and ex-situ, SAXS even permits
to derive kinetic parameters for chemical reactions and transformations. In particular homogeneous
systems such as soot can be studied with SAXS, and carbonaceous materials have been widely
used to develop this technique. Wide-angle X-ray scattering (WAXS) permits to measure crystallite
sizes and to distinguish aromatic and aliphatic structures in carbon materials. WAXS was
particularly applied for coal research. We present here studies that we made on diesel exhaust
soot for combustion enginering and environmental science, as well as studies on model systems
such as glassy carbon (pore size and connectivity evolution) and on aerogels (inclusion of third
phases such as metal clusters).

Scattering techniques, including light scattering (LS), provide statistically very robust data,
complementary and often even superior to microscopy data. Small angle X-ray scattering (SAXS),
when done at synchrotron radiation sources, can provide data very fast. At best, a scattering curve
can be obtained in a fraction of 1 second. High resolution data may need about 15 minutes to
cover a length scale from several microns to 1 nanometer. A shortcoming of scattering techniques
is that they do require some minimum amount of material, such as milligrams, which always
exceeds the amount necessary for TEM studies, which ultimately needs one tiny particle only.
Also, SAXS cannot be applied very well for chemically very inhomogeneous systems. However, for
soot studies, SAXS is perfect. Wide angle X-ray scattering (WAXS), pretty mch like SAXs, is a
diffuse scattering technique which basically uses profile and background scattering analysis. It has
been extensively applied for coal research with much success.

A quantitative methodology has been developed for analysis of SAXS data obtained from diesel
soots which is capable of distinguishing three characteristic size parameters that characterize the
soot: a soot particle agglomerate size, a primary particulate size, and a particulate sub-unit size,
depending on engine and fuel conditions. The most prominent feature is visible in the log-log plot
of scattering curves between q = 0.001 °A-1 and 0.01, which is due to soot particle agglomerates.
In addition to differences in the soot primary particle and aggregate size, the stiffness of the
aggregates was probed by pressing soot powder into pellets under various pressures. The
scattering pattern of soot experiences systematic changes upon pressurizing, in particular a
systematic, pressure dependent shift of the aggregate size signature which can be used to
characterize the stiffness of the aggregates. Diesel soot from idle and load engine condition was
pressed into pellets at

pressures ranging up to approximately 8.5 GPa. Soot powder was also immersed in acetone in
order to obtain soot aggregates without agglomeration. Small angle X-ray scattering was carried
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out on the powder, the pellets, and on the acetone immersed soot. Powder and pellets show
characteristic aggregate structure at small scattering vectors. Scattering curves of the pellets show
a shift of the aggregate size related scattering feature towards larger scattering vectors for
increasing pressure. For the highest pressures, this aggregate structure vanished, while the
suspected primary particle scattering became visible as the asymptote of the aggregate scattering
structure. Aggregate size of powder was about 290 nm for the idle soot and 240 nm for the load
soot. Primary particle size was 14.3 and 10.2 nm, respectively. Idle soot showed a higher
compressibility than the load soot. Pressing the soot into pellets eliminates scattering from
aggregation of primary particles and provides a good route to reveal the otherwise inaccessible
primary particle scattering. In addition, studying the aggregate structure as a function of pellet
pressure permit to derive compacticity data of the soot. Without extracting volatiles, it is ultimately
not possible to quantify the impact of the volatiles like lubricants and fuel on the compaction
behaviour of the soot under pressure. This remains particularly unclear for idle soot, which
contains more volatiles than load soot but yet strongly resists pressure. The USAXS technique
combined with pressing pellets appears to be valuable for the study of materials which are built
from aggregates of primary particles, such as soot, or carbon black, silica gel, and many other
materials. The advantage of using scattering techniques is that a considerable amount of material
can be studied with reasonable experimental effort, providing robust and statistically representative
data compared to single aggregate analysis.
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Small angle X-ray scattering (SAXS) can provide quantitative information on internal surface areas, porosity, particle size, void size distributions, surface roughness and fractal dimension of surfaces, interfaces and particles and aggregate structures. Applied in-situ and ex-situ,
SAXS even permits to derive kinetic parameters for chemical reactions and transformations. In particular homogeneous systems such as soot can be studied with SAXS, and carbonaceous materials have been widely used to develop this technique. Wide-angle X-ray scattering
(WAXS) permits to measure crystallite sizes and to distinguish aromatic and aliphatic structures in carbon materials. WAXS was particularly applied for coal research. We present here studies that we made on diesel exhaust soot for combustion enginering and environmental
science, as well as studies on model systems such as glassy carbon (pore size and connectivity evolution) and on aerogels (inclusion of third phases such as metal clusters).
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