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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 par-
ticles 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. | present here studies that were made on
diesel exhaust soot for combustion engineering and environmental science, as well as studies on model sys-
tems such as glassy carbon (pore size and connectivity evolution) and on aerogels (inclusion of third phases
such as metal clusters).
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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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. o . . . Quantitative data for diesel soot Wide Angle X-ray Scattering . o
Scattering techniques, including light scattering (LS), provide statistically very robust Porosity and Chord Length distribution
data, complementary and often even superior to microscopy data. Small angle X-ray B I=E B =R Quantitative analysis of diffuse XRD diffractograms (WAXS) provides Porasity evolution of activated (right side) and non-activated GC (1et) was studied by SAXES,
scattering (SAXS), when done at synchrotron radiation sources, can provide data very it e I3 201 information on aromaticity (area under y-band peak vs. the entire peak area, Based on first geometric principles (Rosiwals linear integration principle, isotropic uniform
fast. At best, a scattering curve can be obtained in a fraction of 1 second. High — - - including (002) peak), ratio of carbon o random chord length distributions), poros
resolution data may need about 15 minutes to cover a length scale from several — - — scattering), and crystallite sizes (Scherrer Formula). conventional techniques, by means of the second derivative of the small-angle scattering
microns to 1 nanometer. A shortcoming of scattering techniques is that they do require E 3 B correlation function y(r). Estimates of the porosity p are based on the range order L = 2.5 nm,
. . " Nt ot ry 0 > o e which corresponds to a sequence pore/wall/pore by means of a so-called linear simulation
some minimum amount of material, such as milligrams, which always exceeds the — = = 4 R Todel (bottom, blue, green). Specifc assumptions about sie, shape, pore topology, are not
amount necessary for TEM studies, which ultimately needs one tiny particle only. i required.
Also, SAXS cannot be applied very well for chemically very inhomogeneous systems. S \ i
However, for soot studies, SAXS is perfect. Wide angle X-ray scattering (WAXS), g B
pretty meh like SAXs, is a diffuse scattering technique which basically uses profile and , § T4
background scattering analysis. It has been extensively applied for coal rescarch with Flementalynarticleslaizestl 2 malanse Rarcolpac st tolo i subunits i d <53
much success, of 15-20 nm size. These build up larger structures (primary particles) of 40-80 2
nm, which form aggregates. Aggregates are found at g-values of 0.001 1/A, Left: X-ray diffractograms from load/idle soot, and reference Bragg peaks of 4
though harder to resolve in the SAXS curves. Idle soot has generally larger graphite (2H Graphite PDF 26-1079). Center: Deconvolution of Peak into o

particles than load soot. (002) and y-sideband for determination of aromaticity. Right: Comparison of

load/idle soot XRD from Diesel and oxygenated Diesel Mix A, Mix B

Pressure and compaction studies with USAXS - Aromaticiy of oxygenated and non- !
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called “Mix A” and “Mix B”. Addition of 1000 ppm ferrocene to some of the fuels 10 10° : Idle soot particles have smaller crystallites N 5 o
was made to catalytically oxidize the soot and prevent graphitization. I than load soot. Aromaticity is higher for idle I y and Metal I
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